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Abstract: As cyber threats become increasingly sophisticated, organizations must implement robust security measures to protect
cryptographic keys. This article explores how integrating Dedicated Hardware Security Modules (HSMs) into Key Management Systems
(KMS) enhances security by providing a tamper - resistant environment. The study examines common challenges in key management,
such as limited control, integration gaps, and restricted visibility, and explains how Dedicated HSMs address these concerns. Additionally,
it discusses key features such as isolated partitioning, customer ownership of cryptographic roles, end - to - end encryption, and high
availability. The findings highlight that Dedicated HSM solutions offer enterprises the control and security they need to safeguard
cryptographic infrastructure in compliance - driven environments.
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1. Introduction

As cyber threats grow more sophisticated and organizations
manage ever - larger volumes of sensitive data, robust
security solutions are no longer optional—they're essential.
Key Management Systems (KMS) serve form backbone of
data protection by securely storing and managing
cryptographic keys. Integrating Hardware Security Modules
(HSMs) into these systems takes security to the next level by
providing a tamper - resistant environment for key storage
and cryptographic operations.

The growing sophistication of cyber threats necessitates
stronger cryptographic key management solutions.
Dedicated HSMs provide enterprises with an added layer of
security, ensuring compliance with industry standards and
safeguarding sensitive information from unauthorized
access. This article highlights why organizations should
consider transitioning to Dedicated HSMs for enhanced
security and operational control.

This article aims to explore the role of Dedicated HSM
solutions in enhancing cryptographic key security within
enterprise Key Management Systems (KMS). It examines
how these solutions provide greater control, security, and
flexibility for organizations handling sensitive data.

The Role of HSMs in Key Management Systems

HSMs are specialized hardware devices designed to secure
cryptographic operations. Connected via PCle, these devices
offer secure storage and isolated computational capabilities.
Their design ensures compliance with stringent standards,
such as FIPS 140 - 2 (link), and protects sensitive data from
unauthorized access. HSMs also support partitioning,
enabling multiple isolated environments within a single
device, further strengthening key security.

Within OCI KMS, keys are organized into logical containers

called Vaults, which facilitate key lifecycle management.

Vaults come in two different types:

e Virtual Vaults (VV): Share an HSM partition among
multiple tenants.

« Virtual Private Vaults (VPV): Provide a dedicated
HSM partition for enhanced isolation and performance.

While VPVs offer robust security and isolation, some
organizations require even greater control and customization
for their cryptographic resources.

Addressing Key Management Challenges with Dedicated

HSMs

VPV solution, though effective, may fall short for

organizations with heightened security demands. Common

challenges include:

o Limited Control: Customers lack full ownership of
cryptographic roles and keys inside HSM partition, as
these are managed by the KMS provider.

« Integration Gaps: Standardized APIs such as PKCS#11
and OpenSSL are not natively supported, complicating
integration with existing systems.

o Restricted Visibility: Organizations may seek
assurances that external administrators cannot access
their keys or perform cryptographic operations.

Dedicated HSM solutions overcome these obstacles by

empowering enterprises with:

e Full ownership of cryptographic roles (e. g., Crypto
Officers and Crypto Users) and their credentials.

e The ability to create, import, and manage keys directly
within their dedicated HSM partition.

« Seamless integration through native support for industry
- standard APIs and tools.

Key Features of Dedicated HSM Solution

Dedicated HSMs offer unmatched control and security with

features designed to meet the needs of demanding

organizations:

o Customer Control: Enterprises manage partition - level
roles, ensuring exclusive ownership of cryptographic
resources.

o Flexible Key Management: Users can generate and
utilize cryptographic keys (e. g., RSA, ECDSA, AES)
based on their specific requirements.
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o Seamless Integration: Native support for standards like
PKCS#11 and OpenSSL simplifies integration with
existing security architectures.

» Durability and Availability: Key replication across
multiple HSM partitions ensures operational continuity,
even during hardware failures.

Enhanced Security
Dedicated HSMs enhance security for customers through the
following features —

Isolated Partitioning

Dedicated HSMs allocate an entire partition exclusively to a

single customer, ensuring complete isolation of

cryptographic  operations and data. Unlike shared

environments, this model guarantees that:

o Keys and operations in one partition are securely
segregated from others.

« Sensitive data cannot leak or be accessed by unauthorized
tenants.

« Performance is not impacted by other tenants sharing the
same hardware.

This isolation is achieved through secure hardware design,
which enforces cryptographic boundaries and prevents cross
- partition data access.

Customer Ownership of Cryptographic Roles
In Dedicated HSM setups, customers assume full ownership
of the critical cryptographic roles within their partition:

Chiant Certificate issuad
by partition owner

Client-Server

MTLS Connection

e« Crypto Officers (COs): Manage user accounts,
including creating, deleting, and updating credentials.

o Crypto Users (CUs): Perform key management and
cryptographic operations.

Unlike Virtual Vaults and Virtual Private Vaults, where the

service provider retains control, Dedicated HSMs grant full

autonomy to customers. Dedicated HSMs ensure that:

« Only customers manage and access their credentials.

« No administrative personnel, including provider staff,
can access customer keys or perform operations on their
behalf.

This model provides complete autonomy over the
cryptographic environment.

End - to - End Encryption

Dedicated HSMs establish end - to - end encrypted

communication between client utilities and the HSM

firmware. All commands sent to the HSM are encrypted

using session - specific keys, ensuring that:

« Data remains confidential during transmission.

o Even the service provider’s infrastructure cannot
intercept or modify requests.

This guarantees secure communication and eliminates the
risk of unauthorized access during cryptographic operations.

Server
Sarver cartficate

HSM

=

=

Partition Crwner
Cartificate (CA Cert)

Ensuring High Availability Dedicated HSM solution

prioritize availability and disaster recovery by replicating

keys across multiple partitions. This process can occur
through:

e Client - Side Replication: Key management client
synchronizes keys across partitions at the time of
creation.

e Server - Side Replication: This ensures missing keys
get synced automatically once a previously offline
replica is back up and running.

Multi - layer encryption mechanisms protect backup and
replication data, ensuring that keys remain secure and
tamper - proof.

Disaster Recovery

To ensure data resilience, periodic backups of each HSM
partition replicas are taken for disaster recovery. If a replica
becomes unavailable, the most recent backup is used to

Partition Onwrar
authentication certificate

restore it, minimizing downtime and data loss. Backups are
refreshed whenever there is a change in the key or user hash.

Provisioning and Deployment Simplified

Setting up a dedicated HSM partition involves a process a
process where the partition owner claims ownership by
signing the partition CSR with their certificate and then
uploading both the signed certificate (POAC) and the
partition owner certificate (POTAC) to the HSM partition.
These certificates are used to establish TLS connection
between the client and the HSM. Intuitive client tools make
managing users, partitions, and keys straightforward,
streamlining deployment and day - to - day operations.

2. Conclusion
Dedicated HSM solutions provide organizations with the

security, control, and flexibility necessary to protect their
cryptographic assets. By granting enterprises exclusive
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ownership of key management processes and supporting
industry - standard integration, these solutions address the
limitations of shared HSM environments. As cybersecurity
threats evolve, adopting Dedicated HSMs will remain
critical for organizations striving to achieve compliance and
safeguard their sensitive data. Future advancements in
cryptographic technology will further refine these solutions,
reinforcing their role as a cornerstone of secure enterprise
infrastructure.

To learn more about the dedicated KMS offerings from
Oracle Cloud Infrastructure (OCI), refer to the following
link: Dedicated KMS Offering — OCI Documentation.
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