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Executive Summary 
 

This document has been prepared by the Chip 
Design Germany (CDG) Working Group 
Roadmap to guide research and development 
priorities in chip design, including IP develop-
ment, between 2025 and 2030. This roadmap 
summarizes, explains, and motivates 17 priority 
topics. 

This roadmap deliberately excludes the widely 
discussed, acknowledged, and already signifi-
cantly funded topics of agentic and generative 
AI, chiplet technology, and quantum computing. 
Also not covered is the open-source aspect, as 
studies on that topic have recently been pub-
lished. Also important to mention is that the pro-
posed topics target innovation beyond classical 
and state-of-the-art design flows and IPs, be it 
commercial or open source. 

The first topic cluster covers novel, automated 
methods to speed up the design process and 
simplify the integration of chips in a customer’s 
product. These topics include Customizable De-
sign Automation, Overall and General Design 
Productivity Boost, Toolchain for Customized 
Signal Processing with a Focus on the Use of 
Open Architectures, and Customization & Mixed 
Deployment. This cluster is complemented by 
the design topics of Low Power Design Tech-
niques and Valuable Verification and Validation, 
with or without automation. 

The second topic cluster addresses the com-
pute and firmware design perspective, focusing 
on a paradigm shift From Compute-Centric to 
Communication-Centric System and Architec-
ture Design, Methods and Architectures for Soft-
ware-Defined Systems, as well as Highly Effi-
cient Firmware. IPs are also essential for im-
proving chip design, but with the emphasis on 
creating value. Therefore, the following topics 
are also recommended for future innovation: 
Valuable IP, Automated Technology Migration 
and Automated Analog Design, as well as Com-
pact High-Performance Sensors. 

Specific to semiconductors from Germany are 
innovations in the area of Robust Design against 
Fast Transient Interference, High-Voltage Elec-
tric/Electronic Architecture at the ASIC Level, 
System-Level Design for Innovative Elec-
tric/Electronic Architectures, and System-Level 
Co-Design for Analog/RF Systems in Small-
Node Technologies. 

Lastly, Data-Driven Test Time Optimisation and 
DFT Design Improvement are essential, as they 
cover not only design-related aspects but also 
manufacturing and live-cycle aspects, and as 
they impact a double-digit percentage of the 
manufacturing cost, i.e., billions of Euros. 

Each topic is summarized on one page, describ-
ing the motivation (why), the targeted improve-
ment (what), and a potential solution idea (how). 
Each topic covers a wide range of applications 
that are particularly important in Germany, in-
cluding automotive, industrial, medical, avion-
ics, space, defense, home automation/ IoT, and 
more. A table at the end of the document sum-
marizes and categorizes the research focus top-
ics, describing them according to the addressed 
circuit and design domains. 

These topics were selected because they offer 
significant value for chip design in Germany, by 
offering unique selling points for products or by 
having the potential to dramatically shorten de-
sign time. 

http://www.chipdesign-germany.de/
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Introduction 
 

Semiconductors are the foundation of modern 
technology, embedded in everything from cars 
and industrial machines to smartphones and 
household appliances. Indeed, no electrical de-
vice can function without integrated circuits, 
and chip design is the essential first step in cre-
ating these microelectronic components. From 
Industrie's perspective, strengthening semicon-
ductor innovation and design capabilities is of 
paramount importance for Germany's economy, 
security, and technological sovereignty. Recent 
global chip shortages and geopolitical shifts 
have highlighted Europe's dependence on exter-
nal sources. In response, Germany and the Euro-
pean Union are significantly investing in the 
semiconductor sector to reduce vulnerabilities 
and capture greater value in the supply chain. 
For example, the European "Chips Act" initiative 
aims to double Europe's share of global semi-
conductor production from roughly 10% to 20% 
by 2030. Achieving this goal will require not only 
expanding fabrication capacity but also devel-
oping world-class design expertise domestically 
to create the next generations of chips. 

This document is the strategic roadmap that 
summarizes, explains, and motivates 17 focus 
topics in chip design, including IPs. This docu-
ment has been prepared by the Chip Design Ger-
many (CDG) Working Group Roadmap – a Fed-
eral Ministry of Technology, Research and Space 
(BMFTR) funded network uniting industry, aca-
demia, and research institutes – to guide re-
search and development priorities in chip design 
between 2025 and 2030. The main contributors 
to this document are from Industry and Aca-
demia, each with deep, broad know-how in real-
world chip design. 

The CDG network was launched with the convic-
tion that expanding Germany's chip design ex-
pertise will bolster the nation's innovation and 
competitiveness and contribute to Europe's 
technological sovereignty. It serves as a 

platform for pre-competitive collaboration and 
recommends to the BMFTR on all questions of 
chip design and microelectronics strategy. This 
roadmap is one of its key outputs: it identifies 
priority themes, challenges, and opportunities in 
semiconductor design, intended to inform up-
coming research funding calls and initiatives by 
BMFTR and other stakeholders. 

This document presents topics for a compre-
hensive 3-5-year plan developed by the CDG 
Working Group Roadmap, outlining critical tech-
nology topics and innovation directions in chip 
design. It is intended for stakeholders in re-
search funding and policy, providing a strategic 
view of where Germany and Europe can focus 
R&D efforts to enhance competitiveness and 
technological sovereignty in microelectronics. 

The proposals target innovation beyond classi-
cal and state-of-the-art design flows and IPs, be 
it commercial or open source. The guiding prin-
ciple of the roadmap topics was to cover areas 
that boost Germany's companies, whether sem-
iconductor providers or users. 

Goals and Scope: The roadmap covers a broad 
range of chip design challenges – from cross-
cutting design methodology improvements to 
domain-specific technology needs. It empha-
sizes design automation, productivity, low-
power design, verification, testing, system archi-
tecture, software-hardware codesign, analog/ 
mixed-signal techniques, and sensor integra-
tion. This roadmap deliberately goes beyond 
currently widely discussed and already signifi-
cantly funded topics (agentic AI/generative AI, 
chiplet, quantum computing, etc.). Also not ex-
plicitly considered are open source and AI, as 
they are ways to make automation (or a solution 
that searches for its problem) and ways to man-
age R&D and dissemination. In rare cases, they 
are named as a solution option. 

http://www.chipdesign-germany.de/
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Instead, the focus is on areas where targeted re-
search investments over the next few years 
could have a high impact, fill gaps, and leverage 
Germany's strengths (such as automotive elec-
tronics, industrial automation, and high-quality 
engineering). The roadmap's scope aligns with 
national and European initiatives—for example, 
fostering open design platforms and talent de-
velopment—and is closely integrated with the 
goals of the European Chips Act and related pro-
grams. 

Structure of the Document: This introduction is 
followed by the 17 sections of focus topics. 
Each topic is elaborated: (1) the motivation for 
why it is strategically important, (2) a descrip-
tion of what the topic is and includes with rele-
vant technical background and state-of-the-art 
context, (3) key research directions and ideas on 
how to address the challenges. At the end of the 
document, a table is embedded that summa-
rizes and categorizes the proposed research 
topics by circuit and design domains. The pro-
posed research topics have a broad impact 

across all application domains and disciplines 
important to German industry – automotive, in-
dustrial, consumer, medical, defense, space, avi-
onics, and others. Finally, a glossary of key 
terms and acronyms is provided. 

Audience and Tone: This document is written in 
a formal, informative tone appropriate for re-
search funding agencies, policymakers, and 
R&D decision-makers. It balances technical 
depth with high-level rationale to convey both 
how specific innovations can be pursued and 
why they matter for Germany's strategic posi-
tion, in a real-world context. Ultimately, the 
roadmap intends to guide coordinated actions – 
collaborative projects, funding programs, talent 
development, and infrastructure investments – 
that will enable Germany's chip design commu-
nity to thrive and deliver world-class innovations 
in the next 3–5 years. By focusing on design ca-
pabilities (in addition to semiconductor manu-
facturing), Germany can reinforce its industrial 
competitiveness and contribute to Europe's 
technological self-reliance. 
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1. Customizable Design Automation 
Why 
When looking at today's design techniques, we 
observe that we have been designing digital and 
analog hardware IP in the same way for dec-
ades: RTL design on the one hand and sche-
matic/ layout-based design on the other hand. 
Only some incremental enhancements have 
been made. 

Very specific automation is available, e.g., via 
high-level synthesis for digital design or via lay-
out generators for inductors for analog design. 
But all these techniques are very domain- and 
application-focused and do not bring improve-
ment across a wider area. Customizable design 
automation on top of existing and established 
flows would help broaden the automation ap-
proaches beyond RTL and schematic through a 
wide range of very specific tools. Examples are 
application-specific platform composition and 
the generation of complete IPs that go beyond 
the generation of register interface and 
safety/security-related code modifications. As 
increasingly specialized or general-purpose 
cores become part of the design, design auto-
mation is also needed for firmware, i.e., soft-
ware that closely interacts with hardware (HW). 
HW debug is an additional important aspect that 
requires improvement. 

What 
Conceptually, the development of own domain-
specific tools shall be supported, whether for ar-
chitectural design, chip design, prototyping, or 
ramping the chip in the lab. This includes a mix 
of customized design automation and IP reuse 
techniques, which are tailored to meet the spe-
cific requirements of in-house design flows and 

dedicated application domains. In this context, 
there is a need for tools to facilitate application-
specific system composition and parameteriza-
tion, based on company-specific building blocks 
for compute, memory, and communication. It is 
essential to combine this with an efficient setup 
of CI/CD pipelines along with automated docu-
mentation and verification processes. 

How 
From today's perspective, two general directions 
may lead to making customizable design auto-
mation and deployment flows a reality. The first 
direction is to provide a toolbox for creating 
these design tools. This toolbox includes inter-
nal models and their formal definitions, tools for 
model composition and optimization, and trans-
formation tools for lowering (reducing the ab-
straction level). It should also support reading 
and writing using standard formats. Specifica-
tions and parts of the toolbox – if not the com-
plete toolbox – should be made open source. 

The second direction is to use specifically 
trained LLMs to support the EDA tool generator 
to a wide extent. As this might not be achievable 
with today's available technologies, a mixed ap-
proach consisting of a configurable building 
block and LLM generation, including the use of 
LLM technology for specific tasks, such as auto-
mated creation of (customer) documentation, 
may be the best way to follow. 

Both directions must be supported by auto-
mated validation and verification of the tools. If 
this is not possible, an independent second path 
must be built to ensure the tools can be used in 
safety-critical designs. 
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2. Overall and General Design Productivity Boost 
Why 
Productivity is a key competitive factor for 
highly developed economies such as Germany, 
which rely on an educated workforce and highly 
specialized engineering talent. While complex 
and efficient methodologies are well estab-
lished in software engineering, the productivity 
gap between software and hardware design re-
mains substantial. For instance, digital hard-
ware design is still largely based on Register 
Transfer Level descriptions. Moreover, incre-
mental tool improvements are often neutralized 
by new challenges such as increased verifica-
tion complexity, tighter power-performance-
area (PPA) constraints, and heterogeneous sys-
tem integration. Bridging this productivity lag is 
essential to maintain technological leadership 
and address increasing system complexity. 

What 
It is necessary to rethink and restructure the de-
sign processes across all relevant domains (an-
alog, digital, sensors, firmware, non-electrical 
components, packaging, etc.). Traditional work-
flows are still dominated by low-level specifica-
tions, which require significant manual effort 
and limit the scalability of design processes as 
system complexity grows. The entire design 
chain — from specification and early architec-
tural planning to implementation and verifica-
tion — must be considered. To resolve this, de-
sign productivity must no longer be viewed as a 
local or tool-specific issue, but as an overall con-
cern. Furthermore, design approaches must be 
restructured to ensure alignment with higher 
system-level objectives – such as functionality, 
reliability, and energy efficiency – by creating a 

tighter link between low-level implementation 
and high-level architecture and system design. 

How 
A significant increase in microelectronic design 
productivity requires integrating advanced de-
sign methodologies, domain-specific automa-
tion, and AI-enhanced workflows. Next-genera-
tion EDA tools have to offer higher levels of ab-
straction, enabling early design space explora-
tion with automated refinement towards imple-
mentation, supporting holistic, cross-discipli-
nary design methodologies with hardware-soft-
ware co-design and cross-verification, and co-
optimization of analog and digital blocks. AI 
techniques, in particular Large Language Mod-
els (LLMs), are emerging as productivity accel-
erators across the design flow. LLMs support 
context-aware HDL and constraint generation, 
can optimize tool parameters, suggest architec-
ture and circuit variants, and detect inconsisten-
cies early. Domain-specific and hierarchical 
methodologies remain essential to manage 
complexity. AI-based co-pilots can be embed-
ded into structured workflows to provide interac-
tive, abstraction-level-specific assistance during 
specification, verification, and implementation. 
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3. Low Power Design Techniques 
Why 
The need for low-power design in microelec-
tronic systems is rapidly growing due to multiple 
converging factors. As Moore's Law slows, 
gains in transistor energy efficiency no longer 
keep pace with increases in transistor density. 
This imbalance leads to higher power densities 
and thermal challenges, especially in densely in-
tegrated circuits. In parallel, the carbon footprint 
of compute infrastructure has become a major 
concern, particularly in the context of climate 
targets and sustainability efforts. Low-power 
design is therefore also a key enabler for 
greener electronics. Additionally, the prolifera-
tion of battery-powered devices from IoT sen-
sors and wearables to edge AI accelerators de-
mands ultra-low-power solutions to extend op-
erational lifetimes and enable energy-autono-
mous operation. 

What 
To address these challenges, power optimiza-
tion becomes a fundamental concern through-
out the entire design flow. This includes inte-
grating power and energy awareness from the 
earliest stages of system-level and architectural 
exploration, treating power consumption as a 
primary constraint alongside performance and 
area. Design methodologies must support auto-
mated insertion of low-power mechanisms at 
every level—from system and RTL levels through 
gate-level down to physical implementation. 
Such strategies must be applicable across a 
broad range of SoC platforms, covering both ul-
tra-low-power edge systems and performance-

oriented central compute nodes. This requires 
techniques that scale across different power 
and performance envelopes. The overarching 
goal is to enable efficient power-performance-
area (PPA) trade-offs across the full stack in a 
scalable, systematic manner. 

How 
Achieving this requires methodological ad-
vances beyond standard low-power techniques 
such as clock and power gating, dual-Vth de-
sign, and dynamic voltage and frequency scal-
ing. Design methodologies and corresponding 
research must focus on developing advanced 
power-aware design and analysis methods that 
operate across abstraction levels—from single 
transistors and gates to full SoCs—and across 
disciplines, capturing interactions in the ther-
mal, timing, and electrical domains. Area and 
power optimization must be deeply embedded 
in the complete Architecture-To-GDSII flow. Fur-
thermore, AI offers new capabilities for auto-
mating optimization, predicting power bottle-
necks, guiding architectural decisions, and ac-
celerating verification. Such AI-based methods 
can enable more intelligent and adaptive power-
aware design workflows. 
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4. Valuable Verification and Validation 

Why 
As already stated in the 1999 ITRS roadmap 
about 25 years ago, verification effort consist-
ently exceeds design effort. Despite the contin-
uously increasing design complexity, e.g., result-
ing from continuously decreasing design nodes, 
the fraction of verification in the overall design 
process still increases. One reason is that verifi-
cation often causes some aspects to be covered 
very often, i.e., one million times, and others are 
covered only to a small extent, if at all. 

There are other reasons why bugs escape: they 
are specification bugs, since specifications are 
often unverified. Another reason is that all used 
coverage metrics are "negative" metrics, i.e., 
everything that is not covered is a potential 
source of an error. However, a specific degree of 
coverage does not guarantee the absence of 
bugs. 

Finally, verification is not only functional verifica-
tion of digital systems. Analog and non-electri-
cal properties must also be verified, including 
their interactions with the digital part, the soft-
ware, and other system components. 

What 
Generally, verification must be made more effi-
cient. Methods are needed to avoid over-verifi-
cation and identify potential holes. Ideally, meth-
ods are needed that identify the unknown (what 
has not been verified). Further debugging must 
be accelerated, as this accounts for the largest 
fraction of verification time. Finally, verification 
engines such as linters, checkers, formal verifi-
cation tools, or simulators must run faster. Es-
pecially, formal verification must be able to han-
dle more than ~100 million gates. 

When bringing to mind the above statement, 
"identifying the unknown" or sloppy knowing the 
unknown," it becomes obvious that disruptive 
breakthrough innovation is needed, which is not 
visible from today's perspective. 

How 
As this innovation may never – or not in the next 
10 years – be found, finding a variety of domain-
specific solutions may be the way to go. 

Similarly, the solution of challenging sub-topics 
may help, or even provide, the improvements 
needed in sum. First to mention is research on 
new, more meaningful coverage metrics that 
prevent over-verification of special pieces. Next 
is the speed improvement in the verification en-
gines, e.g., through automated checkpointing 
and recursive branching across different verifi-
cation streams. In this sense, formal methods 
must be enhanced to handle 10x larger/more 
complex components and 10x longer time win-
dows, e.g., via massive parallelization. Low-
overhead FPGA-based accelerated formal verifi-
cation algorithms via an FPGA PCI card plug-in 
or co-processor is another way that might help 
forward. Further, creating verification artifacts 
must be automated, or verification artifacts 
must be reused from other domains, e.g., FW/ 
SW for hardware verification and vice versa. 

It is essential that verification engineers can 
think like designers, and that designers can 
think like verification engineers. This may be 
supported by better and broader education in 
both fields, whether as part of master's studies 
or lifelong learning. Lastly, we should strive to 
develop tools that identify unknown verification 
gaps. 
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5. Data-Driven Test Time Optimisation and DFT Design Improvement 
Why 
The testing of manufactured chips, both during 
production and in the field, significantly impacts 
the cost and quality of semiconductors. In fact, 
testing can account for anywhere from 10% to 
50% or more of a product's overall cost. How-
ever, companies typically do not disclose de-
tailed testing costs, as they are often bundled 
with manufacturing expenses. Several factors 
contribute to the high cost of testing. For in-
stance, in industries like automotive, rigorous 
testing is required to ensure extremely low de-
fect rates. This involves subjecting chips to var-
ious stress tests, including temperature and 
voltage fluctuations, which can lead to complex 
fault models and a higher likelihood of defects. 
Additionally, some testing methods, such as 
trim and repair, require re-programming or even 
physical modifications to the chip using lasers 
or other tools. Other challenges in chip testing 
include the relatively low frequency of interface 
signals, which can result in slower test data 
transfer rates due to the length of wires on the 
so-called load board. Furthermore, analog test-
ing presents its own set of difficulties, as it re-
quires evaluating analog behaviour in both the 
time and frequency domains. Moreover, sensors 
often require consideration of non-electrical sig-
nals, such as pressure, light, or other environ-
mental factors. 

What 
First, the complete chain from Automatic Test to 
Equipment to the transistor level must be ad-
dressed. This also includes consideration of in-
system test (on the PCB and in application) and 
health monitoring in addition to manufacturing 
(wafer and post-packaging) test. In this sense, 
all design disciplines, such as analog, digital, 
and non-electrical, shall be covered. 

Second, fault models, i.e., the models of poten-
tial failure mechanisms, must be rethought. 

There are still escaping faults despite continu-
ously increasing features in fault models as the 
already supported cell-aware faults. This is one 
reason why the number of test vectors to be ex-
ecuted continuously increases. Fault models 
must be developed that have relevance, i.e. cor-
relate with actual defects. Data for DFT improve-
ment and inefficient – or highly efficient – tests 
may be gained from production tests and fed 
back to the test pattern generation. In addition, 
test models shall support an increase of test 
speed. 

How 
The headline over solution potentials is leverage 
synergies means make use of items that have 
not been utilized or that have been separately 
considered and implemented. One example is to 
utilize test data and detect more and less prob-
able errors, potentially using AI methods. More 
probable errors are to be tested early, potentially 
leading to early error detection, which allows for 
stopping the test at this point. Another test-data-
driven improvement lies in identifying and re-
moving inefficient tests. Over that, machine 
learning might be used for error prediction and 
dynamic, risk-based test optimisation. 

Further synergies can be achieved in the field of 
design for reliability, security, safety, and debug. 

Finally, analysing production and test data to 
identify inefficient or redundant test structures 
is a promising data-driven approach. Similarly, 
outside synergetic approaches are questioning 
the standard test approaches based on scan 
and the development of efficient self-test strate-
gies. 

A totally new aspect is the increase in yield and 
quality by analysing and correcting systematic 
errors. 
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6. Robust Design against Fast Transient Interference 
Why 
As the complexity of microelectronic compo-
nents increases, so does their sensitivity to ex-
ternal disturbances during operation. Coupled 
pulses can reach safety-relevant circuit compo-
nents via conduction, indirect coupling, or air 
discharge, potentially leading to functional 
faults. In the worst-case scenario, this could re-
sult in central control units being switched off 
while driving or airbags being triggered incor-
rectly. Such malfunctions could have cata-
strophic consequences for end users, especially 
in the context of fully automated driving. Stand-
ardizing these scenarios is extremely challeng-
ing due to their high application specificity and 
has not yet been achieved. A systematic analy-
sis of vulnerabilities in integrated circuits has 
not yet been carried out, largely due to the wide 
variety of applications. This work would repre-
sent a first step toward addressing this gap. 

What 
The overarching goal is to identify potential 
weaknesses in electronic components used in 
selected applications and to develop concepts 
to improve their robustness against external dis-
turbances. The challenge lies in the diversity of 
applications and the range of possible fault 
mechanisms that may occur in each environ-
ment. To avoid deriving recommendations and 
improvements that apply only to isolated cases, 
it is essential to first establish a comprehensive 
overview of components at risk. Circuits se-
lected as test vehicles should be widely used 
across domains. Typical examples of such IPs 
include power supply units and communication 
interfaces such as CAN, LIN, or xBASE-T1 
(Ethernet). 

How 
To systematically assess and enhance the ro-
bustness of integrated circuits (ICs) against ex-
ternal disturbances, a structured methodology 

is proposed. The process begins with the defini-
tion of representative disturbance scenarios, in-
cluding the types of stress pulses and the oper-
ating conditions under which ICs are most vul-
nerable. These scenarios serve as the basis for 
reproducing fault behaviour in a controlled la-
boratory environment, enabling the develop-
ment of reliable and repeatable test procedures. 
Once the test conditions are established, the 
next step involves identifying sensitive func-
tional blocks within the ICs. This analysis com-
bines empirical testing with design-level in-
sights to uncover the underlying mechanisms of 
failure. To support this investigation, a dedi-
cated simulation environment is developed, al-
lowing for the reproduction and analysis of fault 
behaviour through fault injection and behav-
ioural modelling. Based on the findings, targeted 
design improvements are proposed for the most 
critical blocks. These measures are then imple-
mented and verified using custom test struc-
tures, including test chips that incorporate both 
baseline and improved versions of the circuits. 
The effectiveness of these improvements is 
evaluated through comparative analysis. In par-
allel, the validity of the test procedures is as-
sessed to ensure they reflect real-world condi-
tions. Finally, the insights gained are consoli-
dated into general design guidelines for robust 
ICs and modules operating under powered con-
ditions and exposed to external disturbances.  
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7. High Voltage Electric/Electronic Architecture at ASIC Level 
Why 
The automotive industry is undergoing a signifi-
cant transformation as it increasingly shifts to-
wards electric drives, computing, and additional 
features for the 'Smartphone on Wheels'. This 
leads to a higher power consumption of various 
units, which causes significant energy losses if 
the conventional 12V cable harnesses are not 
scaled up in diameter. The consequence would 
be a notable increase in vehicle weight and 
higher material costs, especially due to the use 
of copper in larger cables. To address this, the 
industry is moving toward compact and efficient 
high-voltage 48V E/E architectures, ideally im-
plemented at the ASIC level, which serve as the 
core supply components for ECUs and subsys-
tems. Raising the voltage from 12V to 48V re-
duces the current by a factor of four for the 
same power, allowing thinner cables and avoid-
ing the need for heavier wiring. As this evolution 
progresses, the demand for high-voltage (HV) 
ASICs, particularly in BCD (Bipolar-CMOS-
DMOS) technologies, is increasing – driven by 
the need to improve performance, efficiency, 
and reliability. However, this shift also intro-
duces challenges at the ASIC level, such as 
physical limitations of on-chip devices, thermal 
management, electromagnetic compatibility 
(EMC), and the integration of multiple subsys-
tems. These issues must be addressed to ena-
ble a cost-effective and scalable implementa-
tion of future vehicle electronics. 

What 
To tackle these challenges, the focus is on de-
veloping robust and efficient key modules for a 
48V E/E architecture at the ASIC level. This ar-
chitecture must meet the stringent require-
ments of modern and future vehicles, ensuring 
high performance, reliability, and optimized 
power management. It must also support stable 
and reliable in-car communication systems to 

handle the increasing complexity of vehicle 
functions and increasing data rate needs. This 
architecture will serve as the foundation for fu-
ture vehicle platforms, enabling the integration 
of new technologies and functionalities that will 
define the next generation of automotive innova-
tion. 

How 
Developing effective concepts for a 48V E/E ar-
chitecture at the ASIC level calls for a focused 
approach to the increasing power demands, 
weight, and cost constraints of conventional 
12V systems, and the physical and thermal limi-
tations of integrated circuits. The process starts 
with analysing the transient load behaviour of 
48V actuators (e.g., electrical motors or eCom-
pressor), maximum conditions, and dynamics 
under fault conditions, and thermal stress on 
power MOSFETs and integrated drivers. Based 
on this, ASIC concepts are developed that inte-
grate high-voltage stages, regulators for effi-
cient down-conversion of the higher voltage, gal-
vanic isolation, and protected circuits for gate 
drivers and PHYs like CAN, LIN, or FlexRay, and 
on-chip diagnostics for thermal and electrical 
faults. These are validated through mission-pro-
file-based simulations and early silicon to en-
sure performance, EMC compliance, thermal ro-
bustness, and cost-effective scalability. Close 
collaboration with Tier 1 and Tier 2 suppliers en-
sures that the developed concepts are compati-
ble with existing vehicle platforms and can be 
standardized across applications. Through iter-
ative refinement, testing, and stakeholder feed-
back, the most promising solutions are matured 
into robust, efficient, and scalable ASIC-based 
architectures. These form the foundation for fu-
ture vehicle electronics, enabling high-perfor-
mance, reliable, and sustainable mobility sys-
tems. 
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8. System-Level Design for Innovative Electric/Electronic Architectures 
Why 
Modern electronic systems in sectors like auto-
motive, avionics, space, and industrial automa-
tion are rapidly increasing in complexity and 
adaptability. However, current design methodol-
ogies and EDA tools are not evolving at the 
same pace. While effective at the RTL level, they 
struggle with system-level challenges. A key is-
sue is the lack of architectural flexibility and 
lifecycle adaptability in early design stages, 
making it difficult to assess whether systems 
can support future updates or product variants 
without costly redesigns. Another significant 
gap is the fragmented integration of analog and 
RF components, which are often excluded from 
early models, leading to integration issues later. 
Security and safety aspects – such as isolation, 
redundancy, and minimizing attack surfaces – 
are rarely addressed early, resulting in reactive 
solutions. Additionally, architecture choices in-
creasingly affect thermal, mechanical, and cost 
factors, yet current tools lack a unified frame-
work to assess these interdependencies. Fur-
thermore, the increasing heterogeneity of sys-
tem components – ranging from sensors to em-
bedded controllers – requires a more integrated 
and scalable design approach that can accom-
modate diverse functional and non-functional 
requirements from the outset. 

What 
The goal is to develop a next-generation system-
level design methodology that enables early, ac-
curate, and holistic evaluation of complex archi-
tectures. It should allow designers to assess 
flexibility, security, and long-term adaptability 
from the outset. The methodology must support 
the co-design of analog, digital, and software 
components and address integration issues 
early. It should embed formal validation of 
safety and security properties, such as fault tol-
erance and isolation, before implementation. To 

manage complexity, it must enable AI-assisted, 
multi-domain optimization across electrical, 
thermal, mechanical, and software constraints. 
The methodology should support scalable ab-
straction—from high-level exploration to subsys-
tem refinement—within a unified framework. Fi-
nally, it should provide traceability from require-
ments to architectural decisions, enabling con-
tinuous validation throughout development. 

How 
To realize this vision, several methodological 
building blocks are proposed. Formal modelling 
and simulation will support early evaluation of 
architectural flexibility. Mixed-signal co-simula-
tion with abstract analog and RF models will 
help detect critical domain interactions. Safety 
and reliability will be addressed through FMEA, 
fault injection, and model checking. AI-based ex-
ploration, using reinforcement learning and sur-
rogate models, will guide trade-off decisions 
across performance, cost, and safety. To sup-
port early-stage decision-making, the methodol-
ogy will include fast feedback-driven evaluation 
loops that allow iterative refinement of architec-
tural alternatives under evolving constraints. Ex-
ecutable traceability will link requirements, de-
sign decisions, and validation artifacts, enabling 
continuous verification. It supports model-
based development for effective cross-domain 
integration. 
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9. From Compute-Centric to Communication-Centric System and Ar-
chitecture Design 

Why 
Historically, designing and optimizing a chip 
meant focusing on compute units. ALUs, CPUs, 
and specializations thereof: DSPs, GPUs, TPUs 
were dominant as well as their PPA figures 
(Power-Performance-Area). Increasingly, the 
bottlenecks are in moving data, be it off-chip as 
well as on-chip. The evolution started with sim-
ple buses, went over multi-layer buses to cross-
bars, and finally to network-on-chips (NoCs). As 
these interconnects are all proven and generic, 
they need plenty of memory operations to com-
municate on data-word abstraction or consider 
on-chip communication at the packet level, 
which results in substantial PPA overhead. How-
ever, today applications are dealing more and 
more with multi-data-stream handling coming 
from different or similar sensors, such as audio, 
radar, video, and gyroscope, or from real and vir-
tual sensors. These data streams need to be 
processed and merged. Conclusions must be 
taken and actions computed. The data streams 
are heterogeneous in data rate, dimensionality 
(1D-4D), representtation order, and other proper-
ties, such as compression type. Early-stage de-
sign must therefore consider communication 
aspects more strongly. This must be related to 
the way and order in which data is processed, 
read, or written. 

What 
Unfortunately, there is only limited design sup-
port for communication-centric designs, neither 
at the early analysis level nor at the implementa-
tion and IP levels. To name only a few chal-
lenges: Communication-centric system model-
ling is based on queuing models, which run 
quickly but ignore content and functionality. Sys-
temC, the dominant language for system mod-
elling, is used bus-centrically, especially when 
using the TLM2 standard. There are proven 
pseudo-standard ways to model a bus that have 
serious difficulty breaking out of the standard 
bus model to address the upcoming application-

specific needs of multi-data-stream handling. 
When optimizing in a compute-centric way, time 
estimation remains limited to the area required 
by the compute unit. Communication-centric de-
sign needs to focus on novel application-driven 
streaming architectures capable of cross-de-
vice pipelined execution. This requires consider-
ation of off- and on-chip wire lengths, which 
must account for the SoC's floorplan. Remains 
the design and trade-off challenge: Even though 
the focus lies on communication, the interaction 
with computation remains an issue. Conse-
quently, the trade-off analysis will be even more 
complex. 

How 
The most important thing is to raise awareness 
of the topic of Communication-Centric System 
and Architecture Design, and that it requires 
quantum leaps in design, which cannot be 
achieved through small, incremental improve-
ments with today's technology. Ideally, physical 
and system design must be considered to-
gether, meaning the floorplan and interconnect 
are designed in parallel and used for both PPA 
and throughput estimation. Interlinked estima-
tion methods for SoC wire delay and communi-
cation cost must be provided with an error of 
~10% to get valuable feedback. Estimation must 
be fast to evaluate many architectural and mi-
croarchitectural trade-offs and to support "what-
if" analysis of performance, area, power, and 
throughput. The definition and trade-offs of pos-
sible architectures, with a focus on heterogene-
ous, application-streaming approaches, must be 
simplified to allow focus on architecture-variant 
analysis. This also requires the availability of ap-
propriate IPs, including collaterals covering 
physical, RTL, behavioural, and SW views. Fi-
nally, SystemC-based system modelling needs 
an agreed practice to model off-and on-chip 
communication at various levels at a reasonable 
cost. In addition, a common view for HW with 
SW must be established.  
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10. Valuable IP 
Why 
Europe, especially Germany, is a high-cost re-
gion. It depends on products that deliver value 
to customers—individuals, companies, or au-
thorities. This cost structure requires building 
valuable products that offer value through qual-
ity and innovation. Two aspects are important: 
high quality remains relevant but is increasingly 
secondary to time-to-market. Time-to-market is 
addressed in section 0. Innovation can come 
from how we integrate components and config-
ure/program them, as addressed in section 0. 
Valuable IP components are another pillar of a 
product's unique selling point. Valuable IP refers 
to components that offer technological differen-
tiation, economic leverage (e.g., reuse, licens-
ing), outstanding PPA (power, performance, 
area), or critical system-level advantages such 
as efficiency, security, or configurability. RISC-V 
has been in focus in this area for a while, and 
recent R&D projects targeting ecosystems or 
core variants have accelerated its adoption. Un-
fortunately, the RISC-V ISA and most of the un-
derlying technologies are not new. However, the 
scalability and extensibility give a wide range of 
opportunities to bring value beyond the com-
modity RISC-V ISA defined in the non-privileged 
specification. The availability of a base ecosys-
tem can catalyse novel approaches by providing 
a starting point. RISC-V serves both as a flexible 
baseline for integrating custom IP and as a fer-
tile ground for architectural innovation, espe-
cially beyond general-purpose computing. 

What 
Conceptually, we need IP innovation with RISC-
V—not on RISC-V—and also innovation beyond 
it. This includes architectures, IP-to-system inte-
gration, new compute paradigms beyond CPU 
and GPU, and non-compute paradigms, as high-
lighted in section 0. Innovation is needed—and it 
requires knowledge across horizontal (multi-do-
main, multi-disciplinary) and vertical (from 

ideation to commercialization) stages. Human 
inherent striving for innovation must be freed 
and accelerated. This topic complements sec-
tion 0 by contributing foundational IP blocks 
that enable system-level innovation, accelerate 
time-to-market, and support domain-specific op-
timization. 

How 
The challenge is to strive for the unknown. 
Therefore, actions must be taken to prepare and 
widen the know-how. Digital design techniques 
beyond CPUs must be structured, formed into a 
discipline, and prepared for learning and 
knowledge sharing. To unlock creativity from 
this foundation, novel forms of R&D projects and 
programs must be explored, ambitious goals 
set, and failure accepted as a real option. Valua-
ble IPs must be considered and realized along 
the value chain: Design automation (see section 
2), IPs, chips, and chip-based products must be 
envisioned together. Measures must be taken to 
foster the know-how exchange along this chain. 
To give examples, novel engines, such as state-
machine-driven programmable control-flow en-
gines or boolean satisfiability engines, as well as 
decision-tree engines, must be built hand in 
hand with design automation for both construct-
ing and using the accelerators. Easy-to-use, 
highly efficient, and therefore low-cost, high-se-
curity IPs are another example – useful, for in-
stance, in home automation, novel ways of inte-
grating memory and digital logic are another. 
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11. Toolchain for Customized Signal Processing with a Focus on the 
Use of Open Architectures 

Why 
DSP development for automotive mixed-signal 
sensor ASICs is currently characterized by frag-
mented toolchains and proprietary solutions, 
which introduce inefficiencies, increase costs, 
and limit flexibility across the design cycle. At 
the same time, the demand for advanced DSP 
algorithms is rising due to the proliferation of 
ADAS (Advanced Driver Assistance Systems) 
and the evolution toward software-defined vehi-
cles (SDV). These trends highlight the need for 
flexible, modular, and integrated DSP toolchains 
that support rapid iteration, component reuse, 
and maintainability. While open hardware plat-
forms such as RISC-V offer promising deploy-
ment options, their application in DSP remains 
underexplored. This research topic addresses 
the need to advance DSP toolchain design and 
deployment strategies, with a focus on reduced 
reliance on closed ecosystems. 

What 
The research focuses on the development of a 
flexible, modular, and integrated DSP toolchain 
for implementation on platform-independent 
hardware targets such as those based on the 
open RISC-V instruction set architecture (ISA). 
The envisioned toolchain supports a wide range 
of DSP use cases and aims to improve develop-
ment efficiency, portability, and long-term main-
tainability. A core aspect is the integration of re-
usable standard algorithms for common DSP 
tasks, based on open and resilient technologies 
to reduce dependency on proprietary IP and en-
hance strategic autonomy. The toolchain is de-
signed to enable consistent development and 
validation flows, facilitating smooth transitions 
from algorithm design to hardware deployment. 
Special attention is given to automotive safety 
compliance, balancing functional safety require-
ments with time-to-market and chip-level perfor-
mance, power, and area (PPA) considerations. 

The research investigates how DSP functionality 
can be efficiently mapped onto RISC-V-based 
platforms, including the design and evaluation 
of custom instruction set extensions to meet 
performance and efficiency goals. 

How 
The research explores modular, open-source-
based toolchain architectures tailored to the re-
quirements of automotive sensor ASICs. A key 
approach involves the design of standardized, 
reusable DSP building blocks, optimized for plat-
forms based on open ISAs such as RISC-V, to 
support efficient development and scalable de-
ployment. To bridge the gap between high-level 
algorithm modelling and hardware implementa-
tion, the toolchain incorporates semi-automated 
flows from environments such as MATLAB/Sim-
ulink to deployable implementations, including 
automated synchronization of design views and 
traceable model-to-code transformations. The 
methodology includes safety-compliant verifica-
tion strategies, such as reusable testbenches 
and formal validation flows, aligned with auto-
motive-grade functional safety standards. Early 
prototyping on FPGAs and test ASICs enables it-
erative performance tuning and architectural ex-
ploration. The research is grounded in a require-
ments-driven approach, informed by real-world 
use cases, safety constraints, and performance 
targets. 
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12. Methods and Architectures for Software-Defined Systems 
Why 
The rise of software-defined vehicles (SDVs) is 
fundamentally reshaping the role of processor 
architectures in embedded systems. In contrast 
to traditional automotive platforms, SDVs de-
mand highly flexible, upgradeable, and software-
centric computing environments. This evolution 
places unprecedented demands on processor 
ecosystems, where the integration of heteroge-
neous processor IPs – often from different ven-
dors with incompatible toolchains, interfaces, 
and performance profiles – has become a major 
bottleneck. The lack of standardization across 
these components complicates interoperability, 
reuse, and long-term maintainability, which are 
essential in automotive systems with lifecycles 
exceeding a decade. Moreover, safety-critical 
applications such as autonomous driving and 
ADAS require real-time performance, fault toler-
ance, and functional safety at the processor 
level. Without structured methods to evaluate, 
compare, and integrate processor IPs, develop-
ment becomes inefficient, error-prone, and vul-
nerable to late-stage architectural failures. 

What 
Structured methodologies for the design, evalu-
ation, and integration of processor architectures 
in SDVs are needed. A central goal is to enable 
transparent, data-driven selection of processor 
IPs based on standardized criteria such as per-
formance, safety capabilities, compatibility, and 
lifecycle support. Architecture exploration tai-
lored to processor-level design, using modelling 
tools that simulate realistic SDV workloads and 
provide early feedback on performance, power 
efficiency, and safety trade-offs, is another chal-
lenge that needs to be solved. A key pillar is the 
standardization of processor interfaces and 

toolchains, particularly within the RISC-V eco-
system, to reduce integration complexity and 
promote modular, reusable processor compo-
nents. Additionally, research is needed to inte-
grate fault-tolerant mechanisms – such as lock-
step execution, error detection, and redundant 
cores – directly into processor architectures. 

How 
To realize these goals, several solution paths are 
proposed. First, processor IP evaluation shall be 
formalized through benchmarking frameworks 
that define uniform metrics for performance, 
safety, and integration readiness. Second, archi-
tecture exploration tools shall be developed to 
simulate and optimize processor configurations 
under SDV-specific constraints. These tools 
shall support multi-objective trade-offs and ena-
ble early design validation. Third, the research 
must promote interface and toolchain standard-
ization within open processor ecosystems like 
RISC-V, enabling interoperability and IP reuse 
across vendors and platforms. Finally, safety-
oriented design patterns – including redun-
dancy, error correction, and fail-operational 
modes – shall be embedded early in the proces-
sor design process to ensure compliance with 
automotive safety standards such as ISO 
26262. 
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13. Highly Efficient Firmware 
Why 
Firmware is the piece of software that is embed-
ded in hardware and directly interacts with it. 
Firmware must deal with hardware properties – 
especially resource constraints, power con-
sumption, safety, and security – and must be 
very efficient. The demand for firmware has 
grown with the expanding embedded systems 
market and the proliferation of smart devices 
across consumer electronics, automotive, com-
munication, healthcare, and industrial automa-
tion. Rising hardware customization and Edge 
AI applications emphasize the need for highly 
efficient firmware. One of the key challenges in 
firmware development is programming special-
ized processors such as DSPs or, more gener-
ally, application-specific cores. As programming 
has increasingly shifted towards higher levels of 
abstraction (e.g., 4GL languages and beyond), 
firmware development has received decreasing 
attention in academia, causing minimal tech-
nical advances and a strong reduction of firm-
ware-related content in education. This gap is 
particularly critical as firmware plays a central 
role in enabling hardware-software co-design, 
which is increasingly important in domains like 
AI accelerators, chiplets, inter and intra SoC 
communication, and real-time control systems. 

What 
Firmware development must be brought back 
into focus, as it is essential for making hardware 
functional – and thus is critical for addressing 
major challenges such as AI, decarbonization, 
and digitalization. Efficiency in firmware devel-
opment and methods to improve firmware per-
formance must be advanced. Additionally, ways 
of providing high-quality firmware at a reasona-
ble cost are needed. Beyond methods, suitable 
tools, libraries, and skilled developers are re-
quired. Another key aspect is the formal descrip-
tion of the entire hardware system – not just the 
processor – that the firmware interacts with. 
Standardized hardware structures (e.g., core + 
peripherals) enable reuse and simplify ASIC 

design, as functionality can be defined via firm-
ware. This also allows for late-stage logic 
changes through firmware updates, often requir-
ing only metal mask modifications instead of 
full redesigns. This approach supports platform-
based design strategies and can significantly re-
duce time-to-market and non-recurring engi-
neering (NRE) costs. 

How 
Firmware should be established as a third core 
pillar in semiconductor education, alongside 
digital and analog hardware design. Research, 
innovation, and education must be strength-
ened. To lay the foundation, formalisms and da-
tabases with rules on the hardware/firmware in-
terface, the syntactic and semantic structure of 
firmware, and good practices are needed. Build-
ing on this foundation, explicit methods – such 
as generator- or transformation-based ap-
proaches, AI-supported techniques, or combina-
tions thereof – shall be developed. Automation 
should include verification, documentation, and 
key development artifacts in the hardware con-
text. Detailed research and innovation aspects 
include assembler-focused IDEs – also support-
ing special instructions, DSLs for assembler pro-
gramming, and AI assistants trained in best 
practices for assembler development – includ-
ing coding guidelines and methods for analys-
ing quality and PPA (power, performance, area) 
effects of firmware. In addition, research should 
explore how firmware development can be inte-
grated into agile and DevOps-like workflows, in-
cluding continuous integration and automated 
regression testing for embedded systems. It is 
essential to develop industry-grade methods 
and to focus on high-demand domains such as 
DSPs and on-chip communication program-
ming. Emerging areas such as RISC-V-based 
custom cores, chiplet architectures, and recon-
figurable computing platforms also present new 
opportunities and requirements for firmware in-
novation. 
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14. Customization & Mixed Deployment 
Why 
Application-specific hardware is essential to 
successfully address the diverging require-
ments across different application domains. 
These requirements arise from differences in 
sensor configurations, the number and type of 
processing tasks, as well as real-time, resource, 
cost, and energy constraints. Therefore, hard-
ware platforms need to be heterogeneous, 
highly scalable, and tailored to the specific 
needs of the application domain. Typically, 
these platforms are composed of standard 
compute elements (MCUs, DSPs, embedded 
GPUs, NPUs) along with custom compute units, 
memory components, and peripherals. How-
ever, leveraging the full potential of customized 
platforms requires advanced software support. 
Without appropriate tooling for hardware cus-
tomization and mixed deployment of software 
and AI models, development becomes cost-in-
tensive and inflexible. Efficient deployment, par-
ticularly in but not limited to edge AI scenarios, 
demands seamless retargeting capabilities 
from server-grade GPUs to embedded devices. 
The success of these platforms, therefore, de-
pends on the availability of an efficient, extensi-
ble, and optimized deployment toolchain. 

What 
There is currently a significant gap in the availa-
bility of adaptable software toolchains that sup-
port platform customization and retargeting 
across heterogeneous hardware or for retarget-
ing from server-grade devices to application-
specific platforms. Existing solutions are often 
fragmented, tailored to specific devices, and not 
easily extensible to support new application re-
quirements or emerging architectures. For ex-
ample, the rise of transformer models exposed 
the lack of suitable embedded hardware sup-
port for attention mechanisms, showing the in-
flexibility of today's deployment toolchains. 
Open-source tool platforms such as TVM were 
very helpful, but dominant GPU vendors are 

steering the tool development away from cus-
tom hardware to server-grade platforms. A sim-
ilar trend can be observed in many areas, e.g., 
control algorithms, DSP, or cryptography. As a re-
sult, tool vendors are deprioritizing customiza-
ble and open tool support for heterogeneous, 
domain-specific deployments, leaving develop-
ers without comprehensive solutions for mixed 
deployment and configuration of specialized 
platforms. Push-button solutions for hardware 
configuration and mixed deployment are still not 
yet in sight. 

How 
To unlock the benefits of application-specific 
and heterogeneous platforms, there is a need 
for a highly customizable, open compiler tool-
chain designed for mixed deployment. Such a 
toolchain must support: easy integration of new 
operators, devices, and platform-specific exten-
sions, deployment across heterogeneous plat-
forms, with complex memory hierarchies and in-
terconnect architectures, including streaming 
channels for pipelined execution, semi-auto-
mated generation, and adaptation of toolchains 
based on modular building blocks, advanced 
memory management, including ahead-of-time 
scheduling, static memory allocation, rolling 
buffers, and memory reuse strategies, and de-
vice-level customization, such as slicing com-
pute units into execution islands. It is advisable 
to build upon existing compiler frameworks, 
such as MLIR, LLVM, and IREE, and integrate ma-
ture kernel libraries like OpenCL, ARM Compute 
Library, and vendor-specific micro-kernels. An 
alternative approach may opt for abstracting 
compute capabilities by providing a stack of 
configurable functions as use in I/O-stacks. 
These efforts should aim to extend existing 
tools beyond single-task deployment (e.g., ML 
inference), towards orchestrating complex net-
works of multiple software functions distributed 
across industrial-grade heterogeneous plat-
forms. 
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15. Automated Technology Migration/Automated Analog-Design 
Why 
Analog integrated circuits, including power and 
RF components, are critical enablers across in-
dustries such as e-mobility, renewable energy, 
advanced driver-assistance systems (ADAS), 
AI/data centres, and IoT. These sectors demand 
analog building blocks with cutting-edge perfor-
mance. However, analog (or even RF) IP cannot 
simply be reused off the shelf. It must be re-
worked and modified for each product or mi-
grated to a new PDK, making the design process 
resource-intensive and time-consuming. Conse-
quently, efficient and effective design of these 
components is essential for maintaining market 
competitiveness. 

Unlike the highly automated digital design do-
main, analog design workflows have remained 
largely unchanged for decades. Most tasks are 
still highly manual, requiring extensive effort, 
time, and expertise at every stage to produce an 
IP that meets the required area or power con-
straints. These tasks are often on the critical 
path to market readiness, slowing innovation cy-
cles and raising costs. The situation is further 
exacerbated by a global shortage of skilled ana-
log engineers and the increasing complexity of 
modern circuits, driven by smaller nodes and ad-
vanced packaging technologies. 

What 
Efforts and time spent on analog design must 
be reduced without increasing physical features 
as area, power, accuracy or linearity. Design re-
use must be fostered, and the development of 
new IP accelerated. Manual work must be re-
duced and automation increased, particularly in 
layout tasks such as automated placement and 
routing under constraints, performance and 
yield optimization, circuit modelling, and tech-
nology migration. As full automation may not be 
achievable, semi-automated approaches are es-
sential. These approaches must encode de-
signer intent and integrate seamlessly into 

existing EDA environments and workflows. In 
addition to technological advancements, major 
organizational and cultural changes are neces-
sary. Training programs at management, expert, 
and beginner levels must support the transition 
from traditional manual methods to program-
matic approaches, with a focus on scripting, al-
gorithm development, and machine learning. 

How 
Analog circuit and layout generators capable of 
automating the entire design chain—from elec-
trical specifications to optimized layouts—are a 
key innovation area. Goals addressing, e.g., 
power, area, and speed must be specified and 
prioritized. Robust frameworks for automating 
analog technology design and migration need to 
be developed and qualified, with a focus on inte-
grating existing PDKs and ensuring compliance 
with design rules. Particularly, netlists and lay-
outs must be efficiently migrated. 

Predictive simulations should be incorporated 
early in the design flow to reduce iteration cy-
cles. Generating smaller, well-understood build-
ing block models can serve as the foundation 
for more complex circuits and applications. Het-
erogeneous integration, such as chiplets and ad-
vanced packaging, must also be supported to 
enable analog designs to adapt to emerging in-
tegration schemes. 

Advanced AI methods such as generative AI, 
transfer learning, and reinforcement learning of-
fer promising opportunities. These methods 
must support modular workflows and effec-
tively integrate designer expertise. Finally, train-
ing programs for analog designers in AI, script-
ing, and programmatic design frameworks need 
to be developed and made widely accessible. 
Strong emphasis should be placed on fostering 
cross-disciplinary collaboration between analog 
engineers and software developers. 
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16. System-Level Co-Design for Analog/RF Systems in Small-Node 
Technologies 

Why 
The transition to advanced technology nodes 
(40 nm and below) in analog, RF (e.g., sensing, 
wireless, and wireline PHY), and mixed-signal IC 
design introduces significant challenges regard-
ing design complexity, system partitioning, inte-
gration, verification, and productivity. As analog, 
RF, and digital domains increasingly converge in 
tightly integrated heterogeneous systems, a ho-
listic system-level co-design approach across 
chip, package, and system levels becomes cru-
cial. For example, current EDA tools lack the ca-
pability to automatically integrate automotive-
grade requirements such as functional safety 
and reliability into design flows. The absence of 
suitable design and data flows hinders collabo-
ration, especially in safety-critical sectors like 
automotive and industrial automation—areas 
where Germany holds a global leadership posi-
tion. This includes RF-specific challenges like 
cross-domain verification, mission profile inte-
gration, and co-design with safety logic. AI-as-
sisted design holds strong potential for automa-
tion and decision support but remains frag-
mented and insufficiently tailored to domain-
specific needs. To ensure technological sover-
eignty and competitiveness, long-term interdis-
ciplinary R&D is needed to bridge EDA, AI, and 
semiconductor design in RF- and safety-relevant 
workflows. 

What 
To effectively address these challenges in ana-
log and RF system design at advanced nodes, 
targeted R&D efforts are required. Key goals in-
clude developing advanced methodologies and 
solutions for chip- and system-level co-design, 
enabling chip-package-system optimization un-
der thermal, mechanical, and electromagnetic 
constraints. Design flows must integrate auto-
motive-grade requirements such as ISO 26262 
compliance, mission profile modelling, and reli-
ability modelling. Furthermore, R&D should 

focus on standardized, interoperable frame-
works for system partitioning, prototyping, and 
verification across chiplets and heterogeneous 
systems. AI-assisted design must support 
metadata analysis, reusable design patterns, 
and uncertainty-aware requirement handling. 
Workflows should include AI-assisted genera-
tion, with verification using simulation and for-
mal methods. RF-specific constraints, such as 
frontend integration and PHY-level modelling, 
must be addressed early. 

How 
A coordinated set of R&D measures should 
close technological and methodological gaps in 
system-level co-design for analog and RF sys-
tems in small-node technologies. A key priority 
is the development of modular, reusable design 
flows supporting constraint-driven schematic 
capture and parasitic-aware simulation, includ-
ing models for process variation and aging. AI-
assisted design should enable early-stage ex-
ploration and topology generation under uncer-
tainty, embedded in conceptual workflows to im-
prove first-time-right outcomes. Tools must 
jointly model thermal, mechanical, and electro-
magnetic effects across chip, package, and 
board levels, enabling automated partitioning 
and interface modelling for chiplet and 3D-IC ar-
chitectures. Design flows must integrate auto-
motive-grade requirements like ISO 26262, mis-
sion profiles, and reliability prediction, with veri-
fication workflows supporting traceability and 
certification readiness. Standardized prototyp-
ing and verification frameworks should enable 
reuse and scalability, including reference de-
signs and test benches. Finally, domain-specific 
ontologies and metadata repositories are 
needed to capture design intent and support se-
mantic search and IP reuse. RF design must be 
supported by signal integrity and coupling mod-
els across system levels. 
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17. Compact High-Performance Sensors 
Why 
The ongoing shift of sensor ASICs towards ad-
vanced nanometre technologies presents signif-
icant new challenges, particularly for analog de-
signs. This technological progression inherently 
leads to more process variations, parasitic ef-
fects, higher noise levels, and increased design 
and verification complexity in analog circuitry. In 
fact, device miniaturization leads to higher 
flicker noise as the probability of charge trap-
ping/detrapping events increases. Also, sub-
strate noise due to digital switching activity on 
the same die couples to sensitive analog cir-
cuits. In addition, the transistor threshold volt-
age becomes a larger fraction of the lower sup-
ply voltage, which limits the available headroom 
for signals and reduces the achievable signal-to-
noise ratio (SNR). Furthermore, simulating such 
accurate analog circuits with complex device 
models is computationally intensive while in-
cluding additional corner analysis required for 
nanometre technologies. These factors neces-
sitate innovative approaches to maintain and 
improve performance in critical sensor applica-
tions. 

What 
The objective is to develop compact, energy-ef-
ficient, and high-performance readout circuits 
specifically tailored for modern sensor systems 
utilizing advanced manufacturing technologies. 
This will involve leveraging modern CMOS 
nodes (40nm and below) to effectively reduce 
both area and production costs while increasing 
digital content. The digital area is scaling well 
with CMOS scaling; however, the analog 
frontend area, which is the focus here, is not 
scaling. Therefore, innovative digital-intensive 
readout architectures are potentially advanta-
geous, targeting the same performance of pre-
decessor generations while scaling down the 
die area. A core focus will be to either save die 
area and cost or add more functions for the 
same area. Furthermore, a seamless integration 
of both analog and digital functions into a single 

chip should be aimed for, while rigorously ensur-
ing testability, reliability, and suitability for de-
manding automotive but also other applica-
tions. The highest automotive functional safety 
standards are targeted, such as ISO 26262, 
which imposes another challenge for high-per-
formance automotive sensors in such advanced 
CMOS nodes. 

How 
To achieve these goals, the proposed methodol-
ogy involves several key steps. Firstly, the devel-
opment of highly integrated, noise-optimized, 
digital-intensive capacitance-to-digital convert-
ers (CDCs) is a key factor to enable a precise 
and compact sensor readout. Secondly, the inte-
gration of compact high-voltage (HV) actuators 
together with sensors is needed, as higher exci-
tation voltage leads to increased sensor signal 
and hence higher SNR. In addition, we will ex-
ploit digital functions like adaptive calibration, 
background trimming, and digital filtering to ac-
tively assist and correct analog nonidealities, 
such as temperature drift or process variations 
in advanced CMOS nodes. The proposed pro-
cess should involve comprehensive require-
ments analysis and application studies to define 
the precise needs. Subsequently, thorough eval-
uation and selection of suitable circuit architec-
tures and best-fitting options should be identi-
fied. The practical implementation shall involve 
pre-development, layout design, and rigorous 
testing of prototypes on dedicated test chips to 
validate the proposed techniques. 
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18. Appendix 
Categorization of Proposed Research Topics According to Circuit Domains and 
Design Domains 
The proposed research topics have a broad impact on all application domains and disciplines important 
for German industry – automotive, industrial, consumer, medical, defense, space, avionics, and others. 

The categorization shows the major intended impact. It shows that Analog, Digital and Mixed-Signal or 
Digital and Software in the circuit domain often are tagged together. The RF and Mems circuit domains 
are tagged for few topics but are not of minor importance. In the Design Domain, Software and Archi-
tecture Level – with or without System Level as well as Transistor Level and Technology are tagged 
together as well. 
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1 Customizable Design Automation x x x x x
2 Overall and General Design Productivity Boost x x x x x x x
3 Low Power Design Techniques x x x x x x x
4 Valuable Verification and Validation x x x x x x x
5 Data-Driven Test Time Optimisation and DFT Design Improvement x x x x x x
6 Robust Design against Fast Transient Interference x x x x x
7 High Voltage Electric/Electronic Architecture at ASIC Level x x x x
8 System-Level Design for Innovative Electric/Electronic Architectures x x x x x x
9 From Compute-Centric to Communication-Centric System and Architecture Design x x x x x
10 Valuable IP x x x x
11 Toolchain for Customised Signal Processing with a Focus on the Use of Open x x x x x
12 Methods and Architectures for Software-Defined Systems x x x x
13 Highly Efficient Firmware x x x x
14 Customization & Mixed Deployment x x x x x
15 Automated Technology Migration/Automated Analogue-Design x x x
16 System-Level Co-Design for Analogue/HF Systems in Small-Node Technologies x x x x x
17 Compact High-Performance Sensors x x x x x x

Circuit Domain Design Domain 
(Abstraction, Disciplin)
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Glossary 
 

Term Definition 

ADAS (Advanced 
Driver Assistance 
Systems) 

Electronic systems in vehicles that assist the driver in driving and parking 
functions. 

AI (Artificial Intelli-
gence) 

AI refers to the ability of machines to perform tasks that normally require hu-
man intelligence. This includes learning from experience, understanding natu-
ral language, recognising patterns, making decisions and solving problems. 
AI systems use algorithms and models to analyse data and draw conclusions 
from it. 

AI Compiler A compiler optimized for translating  AI models into efficient executable 
code for specific hardware platforms. 

Analog/RF-Design The design of circuits that process continuous signals (analog) and high-fre-
quency signals (RF). 

Application soft-
ware 

These are programmes that perform specific tasks for the user, such as word 
processing (e.g. Microsoft Word), spreadsheets (e.g. Microsoft Excel) or im-
age editing (e.g. Adobe Photoshop). 

ASIC (Application-
Specific Integrated 
Circuit) 

A microchip designed for a particular application rather than general-purpose 
use. 

Automated Test 
Equipment (ATE) 

Systems used to test electronic devices for functionality and performance 
during manufacturing. 

BCD (Bipolar-CMOS-
DMOS) 

A semiconductor technology combining bipolar, CMOS, and DMOS transis-
tors on a single chip. 

Bug A bug in hardware design refers to an error, flaw, or unintended behaviour in 
the design of a hardware component or system. These bugs can arise from 
various sources, such as mistakes in the design specifications, errors in the 
implementation of the design, or unforeseen interactions between different 
parts of the hardware.  Debug 

CAN (Controller 
Area Network) 

A robust vehicle bus standard designed to allow microcontrollers and devices 
to communicate without a host computer. 

CDG (Chip Design 
Germany) 

A German initiative to strengthen domestic chip design capabilities. 

Cell-Aware Fault 
Models 

Advanced fault models that consider the internal structure of standard cells 
for more accurate test coverage. 

Chiplet A small, modular integrated circuit that can be combined with others to form 
a complete system. 

Chips Act (EU) European legislation aimed at boosting semiconductor production and inno-
vation in the EU. 
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Term Definition 

CI/CD Continuous Integration/Continuous Deployment (or Continuous Delivery) 

Continuous Delivery Continuous Delivery is similar to Continuous Deployment, but with a key dif-
ference: the deployment to production is not automatic. Instead, the code 
changes are automatically tested and prepared for release, but the final de-
ployment step requires manual approval. 

Continuous Deploy-
ment 

Continuous Deployment is an extension of Continuous Integration where the 
code changes that pass all stages of the production pipeline are automati-
cally deployed to the production environment. This means that every change 
that passes the automated tests is released to users without manual inter-
vention. 

Continuous Integra-
tion 

Continuous Integration is a software development practice where developers 
frequently integrate their code changes into a central repository. Each integra-
tion is automatically verified by building the application and running auto-
mated tests to detect integration errors as quickly as possible. 

Coverage Metrics Metrics used to evaluate how thoroughly a design has been tested or verified. 

CPU (Central Pro-
cessing Unit) 

A CPU often referred to as the "brain" of a computer, is the primary compo-
nent responsible for executing instructions and processing data. It runs the 
operating system and applications, constantly receiving input from the user 
or active software programs, processing the data, and producing output, 
which may be stored by an application or displayed on the screen. 

Debug Debugging is the process of finding and resolving defects or problems within 
a computer program or electronic system that prevent it from operating cor-
rectly. 
 Bug 

Development soft-
ware 

This includes tools and environments that programmers use to create new 
software, such as compilers, debuggers and integrated development environ-
ments (IDEs) and EDA tools. 

DFR (Design for Re-
liability) 

Design practices aimed at ensuring long-term reliability of electronic sys-
tems. 

DFT (Design for 
Testability) 

Design techniques that improve the ability to test a chip after manufacturing. 

DSP (Digital Signal 
Processing) 

The use of digital computation to process signals such as audio, video, or 
sensor data. 

DSP (Digital Signal 
Processor) 

is a specialized microprocessor designed specifically for the efficient pro-
cessing of digital signals. Digital signal processing involves the manipulation 
of signals that have been converted from analog to digital form, allowing for 
various operations such as filtering, compression, and modulation. DSPs are 
optimized to perform mathematical functions like addition, subtraction, multi-
plication, and division at high speeds with minimal energy consumption. 
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Term Definition 

EDA (Electronic De-
sign Automation) 

Software tools used to design and verify electronic systems such as ICs and 
PCBs. 

EDA Toolbox A set of tools and models for building domain-specific design and deploy-
ment flows. 

Firmware Firmware is a special type of software that is permanently programmed into 
the hardware of a device to control its functions. It is often located in ROM 
(read-only memory) or flash memory and is rarely or never changed. Exam-
ples of firmware are the BIOS of a computer or the control software of a 
printer. 

FlexRay A high-speed, deterministic, and fault-tolerant automotive network communi-
cation protocol. 

FMEA (Failure Mode 
and Effects Analy-
sis) 

A structured approach to identifying and mitigating potential failure modes in 
a system. 

Formal Verification A mathematical method to prove the correctness of a system's design. 

FPGA (Field-Pro-
grammable Gate Ar-
ray) 

A reconfigurable integrated circuit used for prototyping or specialized compu-
ting. 

GDSII (Graphic Data 
System II) 

A file format used to represent the physical layout of an integrated circuit. 

GPU (Graphics Pro-
cessing Unit) 

is a specialized electronic circuit designed to accelerate the processing of 
images and graphics. GPUs are highly efficient at handling parallel tasks, 
making them ideal for rendering 2D and 3D graphics, performing complex 
mathematical calculations, and processing large amounts of data simultane-
ously. 

HDL (Hardware De-
scription Language) 

It is a special programming language that is used to describe and model the 
structure and behaviour of electronic circuits. HDLs are mainly used in the de-
velopment and verification of digital systems such as integrated circuits (ICs) 
and field-programmable gate arrays (FPGAs). 

High-Level Synthe-
sis (HLS) 

A design process that converts algorithmic descriptions into hardware de-
scriptions. 

HV (High Voltage) Refers to electronic systems operating at voltages higher than standard logic 
levels, e.g., 48V in automotive. 

HW (Hardware) Physical components and devices that make up electronic systems and cir-
cuits. These include, among others: Integrated Circuits (ICs), Application-
Specific Integrated Circuits (ASICs), Field-Programmable Gate Arrays 
(FPGAs), Analog/RF-Design 

IC (Integrated Cir-
cuits) 

These consist of many electronic components such as transistors, resistors, 
and capacitors, which are integrated onto a single chip. 
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Term Definition 

IoT (Internet of 
Things) 

refers to the network of physical objects embedded with sensors, software, 
and other technologies to connect and exchange data with other devices and 
systems over the internet. These "things" can range from ordinary household 
items to sophisticated industrial tools. The primary goal of IoT is to create a 
seamless and integrated environment where devices can communicate and 
interact with each other to improve efficiency, convenience, and automation. 

IP (Intellectual Prop-
erty) 

Reusable design components or blocks used in chip development. 

IREE (Intermediate 
Representation Exe-
cution Environment) 

An open-source compiler and runtime for machine learning models. 

ISO 26262 An international standard for functional safety in automotive electronic sys-
tems. 

ITRS (International 
Technology 
Roadmap for Semi-
conductors) 

The International Technology Roadmap for Semiconductors (ITRS) was a set 
of documents produced by a group of leading semiconductor manufacturers 
and research organizations. The ITRS outlined the technological challenges 
and opportunities facing the semiconductor industry and provided a roadmap 
for future developments. It aimed to guide the industry in achieving continu-
ous improvements in semiconductor technology, including advancements in 
materials, processes, and design methodologies. 

LIN (Local Intercon-
nect Network) 

A low-cost serial communication protocol used in automotive networks. 

LLM (Large Lan-
guage Model) 

A type of AI model trained on large text datasets, used for tasks like code 
generation and documentation. 

MCU (Microcontrol-
ler Unit) 

is an intelligent semiconductor integrated circuit (IC) that consists of a pro-
cessor, memory modules, communication interfaces, and peripherals. MCUs 
are the core components in embedded systems, making up the circuit and 
enabling the system to interact with the physical world. 

Middleware This software serves as an intermediary between different applications or be-
tween applications and the operating system to facilitate communication and 
data management. 

Mission Profile A description of the expected operating conditions and stresses a product 
will experience during its lifecycle. 

MLIR (Multi-Level In-
termediate Repre-
sentation) 

A compiler infrastructure for building reusable and extensible compiler com-
ponents. 

NoC (Network-on-
Chip) 

A communication subsystem on a chip that connects various IP blocks. 
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Term Definition 

NPU (Neural Pro-
cessing Unit) 

is a specialized hardware accelerator designed to enhance the performance 
of artificial intelligence (AI) and machine learning tasks. NPUs are optimized 
for the parallel processing of neural network operations, making them highly 
efficient for tasks such as image and speech recognition, natural language 
processing, and other AI-related applications. 

Packaging refers to the process of designing and producing enclosures for electronic 
devices, ranging from individual semiconductor devices to complete sys-
tems. The primary functions of electronic packaging include interconnection, 
powering, cooling, and protecting semiconductor chips to ensure reliable op-
eration of the system. 

PCI (Peripheral 
Component Inter-
connect) 

A hardware bus used for adding internal components to a desktop computer. 

PDK (Process De-
sign Kit) 

A set of files provided by a semiconductor foundry that describes the manu-
facturing process. 

PHY (Physical 
Layer) 

The physical layer of the OSI model, responsible for the transmission and re-
ception of raw bitstreams. 

PPA (Power, Perfor-
mance, Area) 

Key metrics used to evaluate the efficiency and effectiveness of a chip de-
sign. 

RISC-V An open standard instruction set architecture (ISA) based on established re-
duced instruction set computing principles. 

RTL (Register Trans-
fer Level) 

A design abstraction that describes the flow of data between registers in a 
digital circuit. 

Scan Test A method used in  DFT to test digital circuits by shifting test data into scan 
chains. 

SDV (Software-De-
fined Vehicle) 

A vehicle architecture where functionality is primarily defined and updated via 
software. 

SoC (System on 
Chip) 

is an integrated circuit that consolidates most or all components of a com-
puter or electronic system onto a single microchip. This high level of integra-
tion typically includes a central processing unit ( CPU), memory, input/out-
put interfaces, and data storage control functions. Additionally, SoCs may in-
corporate optional features such as a graphics processing unit ( GPU), Wi-
Fi connectivity, and radio frequency processing. 

Streaming Architec-
ture 

A system design paradigm optimized for continuous data flow, often used in 
signal processing and  AI. 
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Term Definition 

SW (Software) The programmes and operating systems that run on a computer or other 
electronic device. Unlike hardware, which comprises the physical compo-
nents of a system, software consists of the instructions and data that control 
the hardware and perform various tasks. There are different types of soft-
ware, including:  System software, Application software, Middleware, 
Development software, and Firmware 

System software This includes operating systems such as Windows, macOS or Linux, which 
control the basic functions of a computer and enable the execution of appli-
cation software. 

SystemC A C++ library and simulation kernel used for system-level modelling and de-
sign. 

SystemC TLM 
(Transaction-Level 
Modelling) 

A high-level modelling approach in SystemC for simulating communication 
between components. 

Technology Migra-
tion 

The process of adapting a chip design to a different semiconductor manufac-
turing process. 

Test Collaterals Artifacts such as testbenches, scripts, and models used to support verifica-
tion and validation. 

Toolchain A set of programming tools used to perform complex software or hardware 
development tasks. 

Toolchain Customi-
zation 

The ability to adapt and extend development tools to specific hardware or 
software needs. 

TPU (Tensor Pro-
cessing Unit) 

is an application-specific integrated circuit (ASIC) developed by Google spe-
cifically for accelerating machine learning tasks, particularly those involving 
neural networks. TPUs are designed to handle the high volume of low-preci-
sion computations required for training and running machine learning mod-
els, making them highly efficient for these tasks. 
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