Available online www.jsaer.com

Journal of Scientific and Engineering Research, 2020, 7(10):254-257

(502 A SN\ _ ISSN: 2394-2630
H v @ W5\ Research Article CODEN(USA): JSERBR

The Importance of Hardware Security Modules (HSM) in
Vaulting Solutions

Kamalakar Reddy Ponaka

kamalakar.ponaka@gmail.com

Abstract: Data protection is a critical priority in today's digital landscape. Vaulting solutions such as HashiCorp
Vault and CyberArk Vault manage sensitive secrets, passwords, and cryptographic keys, but are only as secure
as the mechanisms used to protect their encryption keys. This paper discusses the role of Hardware Security
Modules (HSMs) in enhancing the security of vaulting solutions. Special focus is given to the seal/unseal
processes in HashiCorp Vault, automated “Secret Zero” rotation, and regulatory compliance. By integrating
HSMs, organizations can safeguard vault data and ensure operational efficiency.
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1. Introduction

With the growing importance of secure data storage, organizations are adopting vaulting solutions to manage
sensitive information. Popular tools such as HashiCorp Vault and CyberArk Vault offer robust security features,
but without proper encryption key management, these vaults remain vulnerable. Hardware Security Modules
(HSMs) are critical for safeguarding cryptographic keys, ensuring that they remain secure throughout their
lifecycle.

Vault solutions, such as HashiCorp Vault, leverage features like seal/unseal operations to protect data when the
vault is not in use. HSM integration automates and secures this process, minimizing the risk of key exposure.
Additionally, HSMs automate Secret Zero rotation, further enhancing security by regularly updating initial
credentials, which are critical in preventing unauthorized access.

2. Vaulting Solutions Overview

While there are so many vaulting solutions, we are going to talk to about the two key players at the current
times.

A. Hashicorp Vault

HashiCorp Vault is an open-source secrets management tool that secures sensitive information like API keys,
passwords, and certificates. It uses encryption, token-based authentication, and dynamic secrets to manage data
securely. One of the key features of HashiCorp Vault is the seal/unseal process, where data is encrypted and
made inaccessible when the vault is sealed.

B. CyberArk Vault

CyberArk Vault is designed for securing privileged access credentials. It focuses on privileged accounts, which
are frequently targeted in cyberattacks. It provides centralized credential storage, automated password rotation,
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and real-time session monitoring. While CyberArk Vault does not explicitly use a seal/unseal mechanism, the
security of the cryptographic keys used to protect privileged credentials is paramount.

3. Role of HSM in Vaulting Solutins

A. Encryption Key Security

The core of both HashiCorp Vault and CyberArk Vault's security lies in the encryption keys that protect
sensitive data. HSMs securely generate, store, and manage these keys in a tamper-resistant environment.
Without HSMs, keys could be vulnerable to exposure, putting the entire vault at risk.

B. Seal and Unseal Vaults Using HSM

For HashiCorp Vault, sealing the vault encrypts its contents and renders them inaccessible. Traditionally,
unsealing the vault requires manual collection and distribution of key shares. This process is time-consuming
and potentially insecure. Integrating HSMs automates this process through Auto Unseal and Seal Wrapping
features:

HashiCorp Vault Seal/Unseal Process with HSM
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a) Auto Unseal: Allows the vault to be automatically unsealed using key material stored securely within the
HSM, eliminating the need for human intervention

b) Seal Wrapping: Further secures the vault by using keys stored in the HSM to encrypt the master encryption
key.

This automation significantly improves operational efficiency and reduces the risk of key exposure.

C. Secret Zero Rotation

“Secret Zero” refers to the initial credential required to authenticate with the vault. Rotating this secret is critical
to maintaining security. By integrating HSMs, the Secret Zero can be securely rotated and managed without
human intervention, ensuring that it is updated regularly and protected from compromise.

D. Tamper-Resistance and Tamper-Evidence

HSMs are built with tamper-evident and tamper-resistant features. In the event of a physical or logical breach,
the HSM can automatically destroy or zeroize its stored keys. This ensures that even if a vault is compromised,
its encryption keys remain secure. For vaulting solutions like HashiCorp Vault, this feature is critical in ensuring
data integrity and security.

E. Regulatory Compliance

Industries such as finance, healthcare, and government must comply with strict data protection standards such as
FIPS 140-2/3, PCI-DSS, GDPR, and HIPAA. HSMs are certified to meet these standards, ensuring that vaulting
solutions using HSMs comply with regulatory requirements. For instance, HashiCorp Vault and CyberArk Vault
benefit from HSM integration by ensuring that encryption keys are managed according to these high standards.

4. HSM Deployment
When deciding between an on-premises HSM and a SaaS-based (cloud) HSM, organizations must weigh several
factors, including deployment, security, scalability, cost, and compliance.
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Aspect On-Prem HSM 5aasS H5M (Cloud HSM)
Deployment Physical hardware in a secure facility  Virtual/cloud-based, fully managed by the provider
Scalability Limited by hardware, costly to scale Elastic and scalable on-demand
Security Control  Full control over security Managed by provider, requires trust in third parties
Cost High upfront and maintenance costs ~ Pay-as-you-go, lower initial cost
¢ . Complete control, meets strict Compliant with most standards, but subject to

ompliance A .
regulatory needs provider's policies
Integration Customizable for on-prem systems Easy cloud-native and multi-cloud integration
Performance Lower latency, consistent May experience higher latency depending on
performance network

5. Benefits of Using HSMs in Vaulting Solutions

A. Enhanced Security

HSMs provide enhanced security by keeping cryptographic keys within a secure hardware boundary. Both
HashiCorp Vault and CyberArk Vault achieve greater security by leveraging HSMs to manage their encryption
keys, automate the seal/unseal process, and rotate Secret Zero.

B. Operational Efficiency

By automating key management processes such as unsealing and secret rotation, HSMs reduce operational
overhead and improve response times. This is especially relevant for high-demand environments where vaults
are used to store critical business secrets and privileged access credentials.

C. Regulatory Compliance

For organizations operating in regulated industries, HSMs ensure that vaulting solutions meet compliance
standards, reducing the risk of fines and legal action. The use of certified HSMs guarantees that sensitive data is
encrypted and managed securely.

6. Usecases for HSM In Vaulting Solutions

A. Banking and Financial Services

For financial institutions, the need to protect sensitive data such as transaction records and account credentials is
paramount. By integrating HSMs into HashiCorp Vault, financial institutions can automate the secure
management of payment keys and sensitive secrets. CyberArk Vault also benefits from HSM integration by
protecting privileged credentials used in high-value transactions.

B. Healthcare

Healthcare providers must comply with stringent regulations such as HIPAA to protect patient data. Integrating
HSMs with HashiCorp Vault ensures that encryption keys and sensitive medical records are securely managed.
CyberArk Vault helps healthcare institutions manage privileged accounts, reducing the risk of breaches.

C. Government and Defense

Government agencies handling classified information can leverage HSMs to protect sensitive cryptographic
keys. HashiCorp Vault, integrated with an HSM, ensures that classified data remains encrypted and that keys are
stored securely. Automated unsealing further protects critical government data from unauthorized access.

7. Conclusion

HSMs play a crucial role in enhancing the security of vaulting solutions like HashiCorp Vault and CyberArk
Vault. By integrating HSMs, organizations can ensure that cryptographic keys are managed securely, the
seal/unseal process is automated, and Secret Zero rotation is handled efficiently. Moreover, HSMs help
organizations comply with regulatory standards, reducing the risk of penalties and ensuring the security of
sensitive data.

As cyber threats continue to evolve, HSMs offer a robust solution for safeguarding encryption keys and ensuring
the long-term security and integrity of vaulting solutions.
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