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Executive Summary 
In the rapidly evolving automotive industry, where autonomous driving, electric vehicles 
(EVs), and connected car technologies are transforming the landscape, zonal 
architecture is emerging as a foundational design approach for next-generation vehicle 
electrical and electronic (E/E) systems. Zonal architecture provides an innovative way to 
address the increasing complexity of vehicle electrical systems, optimize their 
performance, and enable greater flexibility, scalability, and security in both the 
development and operation of modern vehicles. 

As a thought leader in this field, this technical overview will examine the key aspects of 
automotive zonal architecture, its role in the evolving automotive ecosystem, and the 
strategic benefits it offers to manufacturers, suppliers, and consumers alike. Through a 
focus on system design principles, functional integration, and key trends, this overview 
will provide a comprehensive understanding of why zonal architecture is critical for the 
automotive industry’s future. 
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The Shift to Zonal Architecture in Automotive 
E/E Systems 
Traditional automotive electrical architectures were designed around centralized 
control units, with complex wiring harnesses connecting various Electronic Control 
Units (ECUs) distributed throughout the vehicle. As vehicles have become increasingly 
software-defined, with thousands of sensors, actuators, and communication systems 
(e.g., cameras, LIDAR, radar), this centralized approach has proven increasingly difficult 
to scale and maintain. The need for flexibility, reduced wiring complexity, and faster 
processing has driven the adoption of zonal architecture. 

Zonal architecture divides the vehicle's electrical system into logical or physical zones 
(e.g., front, rear, left, right, cabin, etc.), each of which manages specific functions of the 
vehicle. Each zone is equipped with a zone controller (or zonal gateway), which 
manages data and power distribution, while centralized functions (e.g., centralized 
computing platforms, data aggregation) are handled by domain controllers or central 
ECUs. The ultimate goal is to simplify wiring harnesses, improve system scalability, and 
enable higher levels of automation, connectivity, and safety. 

Key Benefits of Zonal Architecture in 
Automotive Design 
1.​ Reduced Complexity and Improved Scalability 

Zonal architecture reduces the complexity of wiring in vehicles by consolidating 
numerous individual ECUs and sensors into centralized zone controllers. Instead of 
each ECU requiring a direct connection to a central computing platform, zone 
controllers aggregate data from sensors within their respective zones and 
communicate with other parts of the system via Ethernet-based networks (e.g., 
Automotive Ethernet). This modular approach allows manufacturers to scale 
system functions with minimal wiring changes, making it easier to integrate new 
technologies like autonomous driving, electric powertrains, and 
vehicle-to-everything (V2X) communications. 

2.​ Enhanced Functional Integration 

Zonal architectures promote functional integration across multiple vehicle domains, 
such as powertrain, infotainment, ADAS (Advanced Driver Assistance Systems), 
and electric vehicle systems. By aggregating sensor data and controlling functions 
within distinct zones, manufacturers can reduce the number of ECUs required in the 
vehicle. This centralization leads to more efficient data processing, improved power 
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management, and simplified integration with high-performance computing 
platforms (e.g., centralized domain controllers). 

3.​ Increased Safety and Redundancy 

Safety is paramount in automotive design, especially with the rise of autonomous 
vehicles (AVs). Zonal architecture supports redundancy and failover mechanisms 
that are essential for safety-critical systems. By segregating zones and assigning 
specific safety responsibilities to each zone controller, the system ensures that 
failure in one zone does not compromise the entire vehicle. For example, a 
fault-tolerant architecture may allow the central controller to redirect critical data to 
another zone controller if one zone experiences a failure, enhancing vehicle safety 
and resilience. 

4.​ Fewer Wiring Harnesses and Weight Reduction 

In a traditional vehicle, the wiring harnesses connect individual sensors, ECUs, and 
actuators in a point-to-point manner, leading to a significant increase in the weight, 
complexity, and cost of the vehicle’s electrical architecture. Zonal architecture 
drastically reduces the number of wires by centralizing communication in zone 
controllers. This reduction in physical wiring leads to lower vehicle weight, which is 
a critical factor for fuel efficiency in traditional internal combustion engine (ICE) 
vehicles and range extension in electric vehicles (EVs). 

5.​ Cost Efficiency and Faster Time-to-Market 

Zonal architecture enables modular design, where different zones of the vehicle can 
be developed and tested independently, reducing the time and resources required for 
system integration. By separating physical zones and focusing on the centralization 
of certain functions, manufacturers can reuse components across multiple vehicle 
models, leading to economies of scale. Additionally, the modularity enables quicker 
adaptation to changing consumer demands and market conditions, contributing to 
faster time-to-market. 

Key Technologies Driving Zonal Architecture in 
Automobiles 
1.​ Automotive Ethernet 

Automotive Ethernet is a key enabler of zonal architecture. Ethernet allows fast, 
low-latency communication between zone controllers, domain controllers, and other 
critical systems in the vehicle. Its ability to handle high-bandwidth data traffic from 
sensors (e.g., cameras, LIDAR, radar) makes it ideal for managing the vast amounts 
of data required for autonomous driving, ADAS, and infotainment systems. 
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2.​ Centralized Computing and Domain Controllers 

Zonal architectures often feature centralized computing platforms that aggregate 
data from various zones and run higher-level applications like autonomous driving 
algorithms or infotainment systems. These platforms are capable of running 
multiple software applications and services in parallel, managing data flow across 
zones while ensuring real-time processing. 

3.​ Vehicle-to-Everything (V2X) Communication 

Zonal architectures must also integrate V2X communication (Vehicle-to-Vehicle, 
Vehicle-to-Infrastructure, etc.) to enable the future of connected and autonomous 
vehicles. These communications systems enable vehicles to interact with the 
environment, pedestrians, and other vehicles, improving safety and traffic efficiency. 

4.​ Software-Defined Vehicles 

The transition to software-defined vehicles (SDVs) is another driver for zonal 
architecture. With software playing a critical role in vehicle operation, the 
centralization and virtualization enabled by zonal architectures provide greater 
flexibility to push software updates over-the-air (OTA), customize vehicle functions, 
and manage vehicle features remotely. 

Challenges & Considerations in Implementing 
Zonal Architecture 
1.​ Interoperability and Standardization  

As the industry shifts toward zonal architectures, establishing standards for 
communication protocols, data handling, and integration across zones is crucial. 
Automotive Ethernet, Time-Sensitive Networking (TSN), and AUTOSAR (Automotive 
Open System Architecture) are examples of standards designed to ensure 
interoperability between components. However, standardization will take time before 
it will provide industry wide solutions on zonal architecture. 

2.​ Managing the transition from legacy systems  

Given the lacking availability of industry standards, migrating from traditional 
centralized architectures to zonal systems poses significant logistical and technical 
challenges. Legacy systems are deeply ingrained in existing vehicle designs, and 
transitioning to a zonal architecture requires substantial reengineering of electrical and 
electronic systems. Manufacturers must balance the need for innovation with the 
constraints of legacy compatibility. At the heart of choosing their migration path, is 
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often whether an OEM will take the easier route by continuing to rely on off-the-shelf 
chips or will they go for more aggressive migration with the help of custom ASICs. 

3.​ Resource Allocation & Alignment 

While zonal architecture offers long-term cost savings for OEMs, the initial 
investment required for development and implementation isn’t insubstantial. And the 
more aggressive migration path you choose, the more upfront costs it brings. OEMs  
must prioritize zones and functions that yield the highest immediate benefits. 
Further compounding the problem is often the limited availability of people capable 
to assess and prototype across multiple available options to identify the most 
optimal migration path. It is often hence easier to stick to easier, less aggressive 
migrations, but the rewards for those players finding the right balance are immense.   

 

4.​ Cybersecurity  

As more critical systems in the vehicle rely on Ethernet-based networks, 
cybersecurity becomes a paramount concern. Securing communications between 
zones and domain controllers is essential to prevent cyberattacks from 
compromising vehicle functionality or endangering driver safety.To prevent 
cyberattacks vehicles need strong security features, like encrypted data 
transmission, secure startup processes for software and hardware, and regular 
over-the-air updates to fix vulnerabilities.  

 

5.​ Reliability and Redundancy  

Ensuring the reliability of zonal architectures is critical, particularly for safety-critical 
systems like Advanced Driver Assistance Systems (ADAS) and autonomous driving 
technologies. Zonal architectures must be designed to include redundancy and 
fail-safe mechanisms to prevent single points of failure from compromising the 
entire vehicle system. 

 

Conclusion: Zonal Architecture as the 
Blueprint for Future Vehicles 
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As vehicles become more complex, integrating autonomous driving capabilities, 
connected services, and electric powertrains, zonal architecture offers a pathway to 
manage this complexity effectively. It enables modularization, cost-efficiency, 
simplified wiring, and enhanced safety, all while paving the way for software-driven 
innovation in the automotive sector. 

By adopting zonal architecture, automotive manufacturers can not only meet the 
growing demands for advanced functionality but also ensure that vehicles are scalable, 
secure, and **future. 

But the ultimate question is whether or not to choose a zonal architecture - but how you 
can make the migration from the legacy E/E architecture to zonal as swift as possible 
by maximising your resource utilization. Those who manage the migration the best, will 
reap enormous benefits for years to come. 
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JLA and ChipFlow Solution  
JLA and Chipflow have partnered to deliver unique and compelling solutions to the 
automotive sector: 

1. Reduced Time-to-Market 

One of the most significant benefits of using ChipFlow is the reduction in design cycle 
time. The platform provides a range of integrated tools for rapid prototyping, simulation, 
and testing. These tools allow engineers to iterate on their designs more quickly than 
traditional methods. ChipFlow’s cloud infrastructure ensures that simulation and 
verification tasks can be parallelized, cutting down the time required for testing and 
optimization. 

By simplifying the design flow and providing access to cloud-based simulation and 
analysis, ChipFlow helps teams reduce time-to-market significantly. This is particularly 
beneficial for startups or companies looking to quickly prototype and release new 
products in competitive sectors like automotive, IoT, AI, and telecommunications. 

2. Cost-Effectiveness 

ASIC design traditionally requires significant upfront investment in both hardware and 
software infrastructure, which can be prohibitively expensive for small to medium-sized 
companies. ChipFlow eliminates the need for costly on-premise infrastructure by 
offering a cloud-based solution that scales according to the needs of the project. This 
"pay-as-you-go" model allows users to access high-performance computing resources 
without making large capital expenditures. 

Additionally, ChipFlow reduces costs associated with the design, verification, and 
testing phases by automating many steps in the process. Automation of repetitive 
tasks, such as RTL linting, functional simulation, and design rule checks, can lower 
engineering costs and reduce the number of errors in the design. 

3. Scalability and Flexibility 

ChipFlow provides unparalleled scalability in the design process. Cloud-based tools can 
scale up or down depending on the complexity of the ASIC design and the amount of 
computational power required. Whether designing a small, low-power chip or a complex 
high-performance processor, ChipFlow ensures that users have the resources they need 
at every stage of development. 

Moreover, ChipFlow allows for greater flexibility in managing resources. Designers can 
access a wide range of tools and design libraries, and easily integrate third-party IP or 
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specific design constraints into the flow. This flexibility is especially valuable when 
working with advanced nodes or innovative designs that require specialized capabilities. 

4. Real-Time Collaboration 

In traditional ASIC design, engineers often work in silos, with limited ability to 
collaborate in real time, especially if teams are geographically dispersed. ChipFlow’s 
cloud-native environment is designed with collaboration in mind. The platform allows 
engineers, designers, and stakeholders to collaborate seamlessly from different 
locations, facilitating real-time feedback and decision-making. 

This is crucial when managing large teams or outsourcing certain aspects of the design 
process, as it keeps everyone aligned and reduces the likelihood of costly 
miscommunications. 

5. Access to Advanced Design Tools and Resources 

ChipFlow provides users with access to a comprehensive set of ASIC design tools that 
were previously only available to large semiconductor companies. These tools include 
high-performance simulators, automated verification and testing frameworks, and 
advanced synthesis tools. Users also have access to a library of proven IP blocks and 
components, which can be easily integrated into designs. 

By leveraging these tools, engineers can work with the latest technologies without 
needing to invest in proprietary software or hardware. Furthermore, ChipFlow provides 
seamless access to semiconductor foundries for tape-out, ensuring that designs can be 
efficiently fabricated once the design phase is complete. 

6. Enhanced Security and IP Protection 

Protecting intellectual property (IP) is a critical concern for chip designers, especially 
given the complexity and cost of ASIC development. 

ChipFlow approach enables OEMs to own all IP relevant to them and thus removes the 
ever present discussions with ASIC Design Houses on the created IP ownership. 

7. Streamlined Integration with Foundries 

One of the biggest hurdles in the ASIC development process, especially for OEMs with 
smaller volumes, is the access to production. ChipFlow is designed to streamline the 
entire ASIC development lifecycle by integrating seamlessly with leading semiconductor 
foundries. This integration ensures a smoother tape-out process and facilitates efficient 
fabrication. End-to-end design and fabrication with ChipFlow’s SW/HW co-design 
approach ensures seamless integration and optimization of hardware and software by 
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aligning their development from the initial design phase through to manufacturing, 
enabling faster, more efficient, and tailored solutions. 

What is ChipFlow? 
ChipFlow provides a powerful, cost-effective, and scalable platform for ASIC design and 
development. The platform’s comprehensive suite of tools and seamless integration 
with semiconductor foundries enables companies of all sizes to create custom chips 
more efficiently and with greater precision than ever before. 

As the demand for custom ASICs continues to grow across industries such as AI, IoT, 
telecommunications, and blockchain, ChipFlow is poised to be an invaluable tool for 
companies looking to accelerate their chip design workflows and stay competitive in an 
increasingly complex market. 

ChipFlow is a cloud-based platform for ASIC design and development. It combines a 
suite of design tools, collaboration features, and access to semiconductor resources, all 
hosted on a scalable cloud infrastructure. The platform allows engineers to design 
custom chips without the need for expensive hardware, software, or on-premise 
infrastructure. 

Key features of ChipFlow include: 

●​ Cloud-based Design Environment: Complete ASIC design tools accessible from 
anywhere, providing scalability and flexibility. 

●​ Collaboration Features: Real-time collaboration between team members, 
engineers, and external partners, improving communication and coordination. 

●​ Automated Workflows: A suite of automated tools that streamline tasks like 
simulation, verification, and synthesis. 

●​ Access to Foundries: Seamless integration with semiconductor foundries for 
tape-out and fabrication, helping companies bring their designs to life faster. 

●​ Security and Compliance: Advanced security features to protect intellectual 
property (IP) and ensure compliance with industry standards. 

 

Conclusion 
ChipFlow provides a powerful, cost-effective, and scalable platform for ASIC design and 
development. By leveraging the cloud, ChipFlow streamlines the entire design process, 
reducing both time-to-market and costs while improving collaboration and innovation. 
The platform’s comprehensive suite of tools and seamless integration with 
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semiconductor foundries enables companies of all sizes to create custom chips more 
efficiently and with greater precision than ever before. 

As the demand for custom ASICs continues to grow across industries such as AI, IoT, 
telecommunications, and blockchain, ChipFlow is poised to be an invaluable tool for 
companies looking to accelerate their chip design workflows and stay competitive in an 
increasingly complex market. 

If you’d like to learn more about your available options in your migration journey, then 
please speak to JLA / ChipFlow today.  
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