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  Abstract  

 
 This article, drawing on the author's industry expertise in 

securing hardware for robotics, autonomous vehicles, and 

fintech industry, addresses the broader relevance of 

hardware security practices across all industries. It 

provides practical insights into securing hardware and 

highlights the universal importance of these measures for 

any sector utilizing hardware technologies.  

Additionally, the article underscores the potential 

consequences of neglecting hardware security, 

emphasizing the proactive role of implementing these 

practices in safeguarding critical systems and data 

integrity across diverse industrial landscapes. 
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1. Introduction  

In our tech-driven world, hardware is the backbone for various industries, from robotics 

and self-driving cars to fintech and more. It plays a crucial role in making modern systems 

and technologies run smoothly. For example, in robotics used in manufacturing, 

healthcare, and exploration, precision and functionality rely heavily on hardware 

components. Similarly, self-driving cars use advanced hardware to navigate, understand 

their surroundings, and respond in real-time. 

 

Likewise, the fintech industry, transforming how we handle money, relies on sturdy 

hardware for secure transactions, efficient data processing, and protecting sensitive 

financial information. Essentially, hardware is the foundation for tech in different fields, 

making its security crucial. As these technologies become a regular part of our lives, the 

risks of problems like cyber threats and data breaches go up. That's why it's crucial to have 

solid hardware security measures in place to tackle these challenges. 

 

                                                           
*Senior Hardware Security Engineer, Block Inc, US 
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2. What is Hardware Security and why do we need it? 

Hardware security involves safeguarding the physical components of electronic devices 

to protect them from unauthorized access, data breaches, and potential manipulation. It 

encompasses a range of strategies and practices implemented during the design, 

development, and operation of hardware to ensure the confidentiality, integrity, and 

availability of sensitive information. 

 

At its core, hardware security focuses on creating resilient defenses against a variety of 

threats, both digital and physical. This includes deploying encryption techniques to shield 

data, implementing secure design principles, and incorporating features that resist 

tampering or unauthorized access attempts. It extends its purview to diverse electronic 

devices, from computers and smartphones to critical infrastructure components. 

3. Hardware threats  

Hardware threats encompass a wide range of risks that can compromise the integrity, 

confidentiality, and availability of a system. Here is a list of common hardware security 

threats: 

 

1. Spectre and Meltdown[1]: 

Exploits critical vulnerabilities in modern processors, allowing unauthorized access to 

sensitive information through speculative execution. Spectre breaks the isolation between 

different applications. It allows an attacker to trick error-free programs, which follow best 

practices, into leaking their secrets. Meltdown breaks the most fundamental isolation 

between user applications and the operating system. Together, they allow programs to steal 

data which is currently processed on the computer. While programs are typically not 

permitted to read data from other programs, a malicious program can exploit Spectre and 

Meltdown to get hold of secrets stored in the memory of other running programs. 

 

2. Rowhammer Attacks: 

Rowhammer is a type of hardware vulnerability where repeated, rapid access to specific 

rows of memory cells induces electrical interference, leading to unintended bit flips. 

Exploiting this disturbance, attackers can compromise data integrity and potentially gain 

unauthorized access to sensitive information.  

 

3. Cold Boot Attacks: 

Cold boot attacks are a type of security vulnerability that exploit the residual data in a 

computer's RAM (Random Access Memory) even after it has been powered off or during 

the reboot process. Attackers take advantage of the fact that data stored in RAM doesn't 

immediately disappear when power is cut, allowing them to extract sensitive information 

such as encryption keys or passwords. 

 

4. Fault Injection Attacks: 

Fault injection attacks are a class of attacks where intentional faults or errors are 

introduced into a system's hardware or software components to compromise its security. 

These attacks exploit the system's vulnerability to unexpected behaviors or faults under 

certain conditions. The injected faults can be caused by manipulating the voltage, clock 

frequency, temperature, or electromagnetic radiation, among other factors. 

 

5. Hardware Trojans: 

Hardware Trojans refer to malicious alterations or additions made to the design or 

manufacturing process of integrated circuits (ICs) or other hardware components. These 
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illicit modifications are intended to compromise the functionality, security, or reliability of 

the hardware. Unlike software Trojans, which are typically introduced through malicious 

code, hardware Trojans are inserted during the manufacturing phase or later in the supply 

chain. 

 

 

6. Side-Channel Attacks: 

Side-channel attacks are a class of attacks that exploit information leaked during the 

execution of a cryptographic algorithm or other secure computation. Unlike traditional 

attacks that target the algorithm itself, side-channel attacks focus on the physical 

implementation of the algorithm or the external factors that affect the computation process. 

These attacks leverage unintentional information leakage, such as timing, power 

consumption, or electromagnetic radiation, to infer sensitive data. 

 

7. Bus Snooping: 

     Bus snooping refers to a method used in computer systems to monitor or intercept data 

transmitted on a bus. A bus is a communication pathway that allows different components 

of a computer system, such as the CPU, memory, and peripherals, to exchange data. Bus 

snooping involves a third-party device or component monitoring the data traffic on the bus, 

often with the goal of gaining information or insights into the system's operations. 

 

8. Insecure Firmware: 

Firmware is a type of software that is embedded in hardware components, providing 

low-level control for the device's specific functions. When firmware lacks adequate 

security measures, it becomes susceptible to various threats, potentially leading to 

unauthorized access, data breaches, or the compromise of the entire system. 

 

9. Physical access or Tampering: 

Physical access or tampering refers to the unauthorized manipulation, modification, or 

interference with hardware devices, systems, or components by gaining physical proximity 

to the target. When an attacker has physical access to a device, it opens up various avenues 

for potential security threats and compromise. Physical tampering can have severe 

consequences, as it allows attackers to directly interact with the hardware, circumvent 

security measures, and compromise the integrity, confidentiality, or availability of the 

system 

 

10. Supply Chain Attacks: 

      Supply chain attacks involve exploiting vulnerabilities in the supply chain to 

compromise the security of a target organization or system. The supply chain encompasses 

all the processes and activities involved in the production, distribution, and maintenance of 

hardware and software components that make up a technology product or service. 

Attackers may leverage weaknesses in the supply chain to introduce malicious elements, 

compromise integrity, or gain unauthorized access to systems. 
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4. Hardware Security best practices 

Following hardware security best practices help secure most of the products against 

known attack vectors. Some of the best practices evovled directly from the attacks. Here is 

a list of such best practices: 

1. Secure design principles : Implement secure design principles from the outset, 

considering potential vulnerabilities and threat vectors during the hardware design 

phase. 

2. Regular Security Audits: Conduct regular security audits and assessments of 

hardware components to identify and address vulnerabilities and weaknesses. 

3. Access Controls: Implement robust access controls, limiting physical and logical 

access to hardware components to authorized personnel only. 

4. Firmware Security: Ensure the security of firmware by implementing secure coding 

practices, conducting regular updates, and applying patches to address known 

vulnerabilities. 

5. Isolation Mechanisms: Implement hardware-based isolation mechanisms to reduce 

the impact of speculative execution vulnerabilities. This includes measures like 

Address Space Layout Randomization (ASLR) and Data Execution Prevention 

(DEP). 

6. Microcode Updates: Keep hardware up-to-date with microcode updates provided 

by the manufacturer to address vulnerabilities like Spectre and Meltdown. 

7. Error-Correcting Code (ECC) Memory: Use memory modules with Error-

Correcting Code (ECC) to detect and correct single-bit errors, reducing the risk of 

Rowhammer attacks. 

8. Tamper-Evident Enclosures: Implement tamper-evident enclosures for hardware 

components to detect and deter physical tampering attempts. 

9. Secure Boot Processes: Use secure boot processes to ensure the integrity of 

firmware and software during the boot-up sequence, protecting against injected 

faults. 

10. Noise Injection: Introduce intentional noise into side-channel information to 

confuse attackers. Noise injection can include adding random variations in power 

consumption, timing, or other observable side-channel characteristics. 

11. Side-Channel Analysis-Resistant Implementations: Choose cryptographic 

algorithms and implementations that are resistant to side-channel analysis. Certain 

algorithms, such as those designed for constant-time execution, are inherently more 

resistant to side-channel attacks. 

12. Protecting Key Material: Securely manage and protect cryptographic key material. 

Use hardware security modules (HSMs) or secure enclaves to safeguard keys and 

perform critical cryptographic operations in a secure environment. 

 Implementing a combination of these mitigations is crucial for building resilience against 

hardware threats. Security is an ongoing process, and organizations should continuously 

reassess and enhance their security measures based on the latest research and developments 

in the field. Engaging with the broader security community to stay informed about 

emerging attack techniques, vulnerabilities, and best practices and educating developers 

and personnel about the risks associated with these attacks and importance of secure 

coding practices is crucial. 
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5. Security Standards 

There are security standards that provide a framework for organizations to assess, 

implement, and maintain robust hardware security practices. Adhering to these standards 

helps ensure a baseline level of security, promotes interoperability, and facilitates trust 

among stakeholders, including customers, partners, and regulatory bodies. It's important 

for organizations to understand and align with relevant security standards to strengthen 

their overall security posture. Some of the standards are: 

 

1. Common Criteria (ISO/IEC 15408): Common Criteria is an international standard 

(ISO/IEC 15408) that provides a framework for the evaluation of security 

properties of IT products, including hardware. It establishes a set of criteria for 

security functionality and assurance, allowing organizations to assess and compare 

the security features of different products. Common Criteria certifications are often 

sought by vendors to demonstrate that their hardware meets recognized security 

standards. 

 

2. Trusted Platform Module (TPM): The Trusted Platform Module (TPM) is a 

specification developed by the Trusted Computing Group (TCG). TPM defines a 

standardized hardware module that provides secure cryptographic functions, secure 

storage, and hardware-based attestation. It is commonly used for securing the boot 

process, storing cryptographic keys, and ensuring the integrity of the platform. 

TPM specifications help create a foundation for trusted computing environments. 

 

3. Payment Card Industry Data Security Standard (PCI DSS): While primarily 

focused on the payment card industry, PCI DSS has implications for hardware 

security. It includes requirements for securing hardware components, such as point-

of-sale (POS) terminals, by implementing access controls, regular security 

assessments, and protecting cardholder data. Compliance with PCI DSS is essential 

for organizations handling payment card transactions. 

 

4. FIPS PUB 140-2 (Federal Information Processing Standards): FIPS PUB 140-2 is a 

U.S. government standard that defines security requirements for cryptographic 

modules, including hardware security modules (HSMs). It establishes levels of 

security (Security Levels 1-4) based on the robustness of cryptographic algorithms 

and the effectiveness of physical security mechanisms. FIPS 140-2 compliance is 

often required for products used in U.S. federal government systems. 

 

6. Conclusion 

In conclusion, hardware security is a critical component in safeguarding digital 

ecosystems, ensuring the integrity, confidentiality, and availability of sensitive data. As our 

reliance on interconnected devices grows, understanding and addressing hardware security 

become paramount to thwart evolving cyber threats. 

 

Continuous collaboration, education, and adaptability are crucial in staying ahead of 

emerging threats and ensuring that our hardware infrastructure remains a bastion of trust 

and reliability in our interconnected world. Ultimately, a proactive and comprehensive 

approach to hardware security is not merely a necessity - it is an imperative for the 

resilience and sustainability of our digital future. 
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