Ensuring Robust Edge

Security with Alif Semiconductor’s
Microcontrollers and Fusion
Processors
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Edge computing has become increasingly
integral to various aspects of modern life,
from smart homes to mobility and industrial
automation. By processing data closer to where
it's generated, edge systems significantly
reduce latency and bandwidth usage.
However, this decentralization introduces
new security challenges, as edge devices
typically operate outside traditional, secure
networks. As edge devices have proliferated,
they continue to become attractive targets for
malicious activities, including sophisticated
cyber-attacks. This whitepaper explores the
prevalent security challenges and outlines
Alif's approach to holistic security in edge
applications.

At the Edge: Security
Threats and Vulnerabilities

By decentralizing data processing and bringing
it closer to the data source, edge computing
can inadvertently multiply the points of
vulnerability. Unlike centralized systems,
where security can be more tightly managed,
the distributed nature of edge applications
increases the complexity of implementing
uniform security measures. Moreover, the
security landscape of edge devices is highly
complex and rapidly evolving — edge
architectures are introducing new layers of
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hardware and software, each with its security
considerations. The heterogeneous nature
of these devices, which ranges from basic
sensors to computing nodes, necessitates
the need for security. Since data warehoused
in edge devices is often personalized and
highly sensitive, unauthorized access can
lead to significant privacy and confidentiality
breaches or data loss.

While communicating over public or shared
networks, edge devices are prone to
network-based attacks, including man-in-
the-middle (MITM) attacks, eavesdropping,
and unauthorized access. It is imperative to
implement secure communication protocols
in these scenarios, such as TLS/SSL and
strong authentication. Additionally, network
segmentation and firewalls can enhance
security by limiting the scope of potential
intrusions. Regular software updates and
patch management are critical for maintaining
the security of edge devices.

The Role of MCUs in Addressing
Edge Security Challenges

In light of increasing data and network security
threats, consider a holistic security approach
in edge applications. This includes not only
securing the devices but also implementing



end-to-end security measures for data at
rest, in transit, and in processing to ensure
integrity, confidentiality, and availability. MCUs
enhance network and data security in edge
applications in several ways. Firstly, hardware-
based security features like Trusted Execution
Environments (TEEs), Secure Boot, and true
random number generators (TRNGs) offer a
foundational security layer difficult to breach.
MCUs canincorporate dedicated cryptographic
modules that execute algorithms crucial for
secure data transmission and authentication
processes at edge nodes.
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Alif Semiconductor’s Holistic Solution for Edge Security Challenges
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Alif Semiconductor designs security into
MCUs from the ground up, giving end-users
complete control over security in their edge
systems. At the heart of Alif MCUs and fusion
processors is an independent, isolated security
subsystem (Secure Enclave) that protects
various assets within the chip, including CPU
cores, memory and data, interfaces, and code
and IP algorithms. This security subsystem has
its own dedicated CPU, memory, cryptographic
hardware, and OTP memory and holds the
hardware-based Root of Trust for the device.
Alif provides a unique device ID and key
pair for each individual chip to secure all

potential points of failure. In networked edge
applications, this mechanism offers a secure
identity for each device, which is necessary for
authentication and secure communications.
For effective network segmentation, Alif utilizes
configurable firewalls to regulate access for
individual CPUs to sections of memory and
individual peripherals. Moreover, TrustZone
capabilities in the security subsystem have
been extended by leveraging ARM TrustZone
technology. Alif incorporates security services
such as Secure Boot, Key management, and
cryptographic mechanisms.



Secure Lifecycle States
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The security subsystem is supported by a secure 4-stage life-cycle management encompassing
product manufacturing, product provisioning, deployment, and end-of-life. Alif ensures that every
stage of the product’s life is secured and managed with the utmost integrity.

Device Manufacture

The life-cycle begins at Alif’s secure manufacturing facility, where the device undergoes rigorous
testing to validate its performance and security features.

Key Phases include:

Device Testing: Each device is fully tested
for functional and security compliance.

' Key Provisioning: Proprietary keys are
provisioned securely within the device.

' ECC Key Pair Creation: An Elliptic Curve
Cryptography (ECC) key pair is generated,
enhancing the security features of the
device.

' Device Certification: The device certificate
is signed and programmed, ensuring the
device’s authenticity and integrity from
the outset.

OEM Provisioning

Provisioning is carried out within a controlled
facility where the product is prepared for
specific OEM requirements.

Key Phases include:

Product Testing and Development: OEM-
specific product testing and development
are conducted to ensure compatibility and
performance.

' Debugging and Programming: Devices are
enabled for debugging and programming
to facilitate OEM customization.

' Firewall Configuration: Firewalls are set to
an open state.

Deployment

During deployment, products are in their
operational environment and provide robust
security to protect against field threats.

Key Phases include:

' OEM Key Security OEM keys are present
to maintain a secure state.

Secure Debugging: A secure debugging
feature can be enabled, allowing for secure
maintenance.



' Software Updates: Signed software
updates enable ongoing security and
feature enhancements.

' Active Firewall: The firewall configuration
remains active to protect against network
vulnerabilities.

End-of-Life (EOL)

End-of-life management ensures devices are
retired securely, without leaving vulnerabilities.

Key Phases Include:

' EOL Enablement: End-of-life processes
are initiated via an OEM-signed certificate.

' Key Wiping: All OEM keys are securely
wiped from the device, ensuring that no
sensitive information is left behind.

' Non-operational State: The device is
rendered completely non-operational to
prevent potential unauthorized use.

' Return: Devices can be returned to Alif
for responsible materials recovery and
recycling management.

Key Applications

In this section, we will explore real-world
examples of how Alifs Semiconductor’s
MCUs and fusion processors are being
used to enhance network and data security
in various applications such as smart grid
systems, industrial automation, and smart city
infrastructure.

Smart Grid Systems

In smart grid systems, Alif's MCUs can
be utilized in control devices to secure
communications between the grid and control
center, and the ability to encrypt data in transit
prevents eavesdropping or tampering. Smart
meters equipped with Alif MCUs can utilize
secure boot and code signing mechanisms
to verify firmware updates, preventing the
installation of malicious firmware. This is
imperative in preventing attacks that could
disrupt power distribution or manipulate meter
readings.

Industrial Automation

Inindustrial automation settings, Alif MCUs can
be integrated into control systems to safeguard
against unauthorized access and control. The
granular firewalls and secure enclave ensure
that critical components, like sensors and
actuators, are isolated and protected from
potential cyber threats. They can also facilitate

secure data exchange between various parts
of manufacturing plants. By implementing
TLS protocols with PKI certificates, data
transmitted across the plant’s network can be
encrypted and authenticated, mitigating the
risk of industrial espionage.
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Smart City Infrastructure

Traffic management systems in smart cities,
powered by Alif's MCUs, use advanced
encryption and network segmentation to
protect against attacks that could result in

traffic chaos. Real-time decryption capabilities
ensure that sensitive data, like traffic flow and
signal timings, are securely processed. For
surveillance systems and other public safety
infrastructure, these products enable robust
data encryption, ensuring that video footage
and corresponding data remain confidential.
Unique ID and key pairs for each chip ensure
secure and authenticated communication
between various components of the public
safety network.

Smart Buildings

In connected buildings, Alif MCUs can secure
access control systems and surveillance
cameras. The MCU’s secure boot process
and code signing ensures that the firmware
running on these devices is authentic and
unaltered, mitigating the risk of malicious code
execution. The granular firewalls help to limit
communication to authorized networks only,
further enhancing security.

Connected Cars

In connected cars, Alif’s security solutions can
play arolein securing vehicular communication.
These MCUs, with their advanced encryption
capabilities, protect vehicle-to-vehicle
(V2V) and vehicle-to-infrastructure (V2I)
communications, ensuring that transmitted
data is confidential and authentication-based.

Smart Retail

In smart retail environments, Alif MCUs can be
employed in POS systems to protect customer
transaction information. By implementing TLS
protocols with PKI certificates, Alif’s products
can help secure and encrypt communications
between POS systems and banking servers to
prevent data breaches and fraud. Alif robust
security solutions can also enhance inventory
management systems to securely track and
manage stock. The secure enclave ensures that
sensitive data, such as pricing and stock levels,
is encrypted and protected from unauthorized
access.

Wearables

In wearable applications, particularly in health
monitoring devices, Alif MCUs can provide
secure data handling. These devices collect and
store sensitive health data, which is protected
by Alif’s encryption technologies both at rest
and in transit. This ensures patient privacy
and compliance with health data protection
regulations. In fitness trackers, Alif’s products
can safeguard wireless communications,
ensuring that the data sync between the device
and the user’s smartphone or cloud server is
encrypted. This can protect user personal
health data from potential interception.



The potential for vulnerabilities, sophisticated
attacks, and the increasing value of data
collected at the edge necessitates continuous
innovation in security technologies. Alif’s
security solutions not only address current
security needs but are also adaptable to
future advancements and threats. Alif’s
security architecture leverages a multi-stage
lifecycle management approach from device
manufacture to end-of-life, ensuring integrity
at every phase.
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For more information on Alif Semiconductor’s Ensemble family of MCUs and fusion processors, please visit https://alifsemi.com/products/ensemble/.



