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Executive Summary

The landscape of hardware security has undergone a fundamental transformation as sophisticated state-level
adversaries have shifted their focus from application-layer exploits to the foundational silicon and firmware of
computing devices. This report addresses a critical gap in the security ecosystem: the elimination of CPU-based
management engines that serve as persistent, unauditable backdoors in virtually all modern x86 laptops. The
Intel Management Engine (ME) and AMD Platform Security Processor (PSP) operate at Ring -3 with
unrestricted memory access, running proprietary firmware that cannot be audited by end users or security

researchers.

This proposal maintains the established four-tier security framework while introducing critical enhancements
focused specifically on management engine elimination or neutralization. The analysis encompasses devices
released within the last five years (2021-2026), ensuring that recommended hardware meets modern
performance requirements while providing the highest levels of architectural security. Key developments in
2026 include the maturation of RISC-V laptop platforms, the availability of the MNT Reform Next with

Rockchip RK3588 processor, and continued refinement of Intel ME neutralization techniques on x86 platforms.

The emergence of Neural Processing Units (NPUs) as standard components in Intel Core Ultra and AMD
Ryzen Al processors introduces a secondary 'black box' threat vector that this analysis addresses
comprehensively. These Al accelerators operate with significant autonomy and memory access, yet their
firmware remains proprietary and unauditable. Users facing nation-state adversaries must now account for both

management engines and Al acceleration hardware when evaluating laptop trustworthiness.

1. The Management Engine Threat Architecture

1.1 Technical Mechanics of Hardware-Level Surveillance

The Intel Management Engine represents one of the most significant security vulnerabilities in modern
computing architecture. Unlike traditional malware that can be removed through software measures, the
Management Engine is a microcontroller integrated directly into the Platform Controller Hub (PCH) that
operates independently of the main CPU. This subsystem has unrestricted access to system memory, network
stacks, and storage devices, while running proprietary firmware that cannot be audited, modified, or completely

disabled under normal circumstances.

The 'always-on' nature of the Management Engine creates a persistent attack surface that remains active even
when the computer appears powered off, as long as it remains connected to a power source or battery. This is
because the ME is responsible for the initial power-on sequence and basic hardware initialization. In 2026, the
concern has expanded beyond simple remote access to the exploitation of the Host Embedded Controller
Interface (HECI) and the potential for these sub-processors to act as pivot points for side-channel attacks,

including acoustic, thermal, and electromagnetic exfiltration.
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Table 1: Management Subsystem Threat Analysis (2026)

1.2 UEFI Bootkits and Persistent Firmware Implants

UEFI bootkits represent the most sophisticated threat to laptop security in the current threat landscape. Notable
examples include MoonBounce (attributed to APT41) and BootKitty, which reside in the SPI flash memory
chip on the motherboard. Unlike traditional malware that can be removed by reinstalling the operating system
or replacing the storage drive, these implants execute before the operating system loads, making them entirely
invisible to conventional security software. They are capable of surviving complete system wipes, including

hard drive replacements and operating system reinstalls.

These bootkits can intercept passwords, encryption keys, and sensitive data in real-time during the boot process.
Defense against UEFI bootkits requires hardware-level protections: write-protect switches for BIOS/EC
firmware that prevent unauthorized modifications, verified boot chains with hardware root of trust ensuring
each stage is cryptographically validated, and regular firmware integrity verification using tools like PureBoot

or Heads with external security tokens.

2. The Four-Tier Security Framework

The tiered classification system for secure laptops organizes solutions along a spectrum of security assurance,
architectural philosophy, and intended use case. Each tier represents a different balance between security,

performance, availability, and cost. The framework has been updated for 2026 to explicitly address

management engine concerns at each level.

Securi
Classification gzl(l)rr:y Management Engine Status Primary Use Case
Tier 0 Government-Grade 95-100 Physically non-existent or fully | Classified processing (TOP
Purpose-Built neutralized SECRET/SCI)
Disabled via HAP bit; Mili ical fiel
Tier | | Hardened COTS Platforms 75-94 isabled via ELSPbit ilitary/tactical field
measured boot operations
. Commercial Enhanced Disabled or neutralized; kill Journalists, activists,
Tier 2 . 50-74 . . .
Security switches privacy-conscious
. . . . Add d through isolati Air- d systems;
Tier 3 Operational Security Tools Variable resseq tirougt isotation 1-gappod sysiems
protocols ephemeral tasks

Table 2: Four-Tier Security Framework Definitions



3. Tier 0: Government-Grade Purpose-Built Hardware

Tier 0 represents the apex of laptop security, featuring systems specifically engineered for protecting classified
information against nation-state adversaries. These devices either physically lack management engines through
alternative processor architectures (ARM, RISC-V, POWERY) or implement comprehensive neutralization
strategies that eliminate the ME's operational capabilities. This tier includes NSA Type 1 certified systems,
TEMPEST-shielded devices, and purpose-built machines for classified processing.

3.1 Primary Recommendation: MNT Reform Next

The MNT Reform Next represents the gold standard for users whose threat model demands the absolute
absence of a management subsystem at the hardware level. Released in late 2024 with ongoing updates through
2026, this device achieves security not through the forensic disabling of problematic components but through a
modular design philosophy that prioritizes architectural purity and transparency. The laptop utilizes
ARM-based System-on-Chips, specifically the Rockchip RK3588, which does not incorporate a secondary

'Ring -3' coprocessor.

Specification Details Security Implication
Processor Rockchip RK3588 (Octa-core No Intel ME/AMD PSP physically exists
ARM)
Core Configuration 4x Cortex-A76 + 4x Cortex-ASS5 Performance + efficiency balance
Firmware U-Boot / Barebox (fully open) No proprietary binary blobs required
System Controller NXP LPC11U24 (Cortex-MO0) Open firmware; transparent operation
Keyboard Controller RP2350 (ARM/RISC-V) Hardware-level input protection
Memory Up to 32GB LPDDR4 Non-soldered; user-verifiable
Storage M.2 NVMe SSD User-replaceable; encryption ready
Display 12.5" 1920x1080 IPS Matte No hidden webcam; privacy-focused
Chassis 6061 Aluminum + Acrylic Bottom | Visual inspection of internal components
Microphone None (external only) Cannot be used as listening device
Release Year 2024 (Updated 2025-2026) Within 5-year requirement

Table 3: MNT Reform Next Technical Specifications and Security Features

The MNT Reform Next's transparent boot process eliminates the requirement for the Intel Firmware Support
Package (FSP) or equivalent AMD binaries that are necessary on modern x86 hardware. The adoption of the
Raspberry Pi RP2350 microcontroller for keyboard firmware introduces a Redundancy Coprocessor (RCP) and
advanced secure boot features, providing hardware-level defense against attempts to inject malicious code into
input device firmware. The transparent acrylic bottom plate allows users to visually inspect the motherboard,

battery boards, and expansion modules for any unauthorized hardware implants.



3.2 Alternative: DC-ROMA RISC-V Mainboard III for Framework 13

The DC-ROMA RISC-V Mainboard III, announced at FOSDEM 2026, represents the most significant
advancement in RISC-V laptop computing. Powered by the SpacemiT K3 SoC, it is the first RISC-V processor
to implement the RVA23 profile, ensuring compatibility with modern Linux distributions including Ubuntu
24.04 LTS. The SpacemiT K3 features 8 high-performance X100 RISC-V cores clocked at up to 2.5GHz, plus
an additional 8 Al-specialized cores, delivering 60 TOPS of Al acceleration. This makes it suitable for

productivity applications and local Al inference without the security risks of proprietary NPUs.

Component Specification Security Feature
Processor SpacemiT K3 (8-core RVA23) No Intel ME/AMD PSP physically exists
Clock Speed Up to 2.5GHz Competitive performance for mainstream use
Al Processing 60 TOPS (Integrated in CPU) No separate NPU with hidden firmware
OS Support Ubuntu 24.04 LTS Mainstream Linux compatibility verified
Chassis Framework 13 Modular; visually verifiable components
Kill Switches Camera/Mic Hardware Switches Physical circuit disconnection
RAM Type SODIMM Quick physical destruction possible
Release Year 2026 Current generation; within 5-year requirement

Table 4: DC-ROMA RISC-V Mainboard III Specifications

4. Tier 1;: Hardened COTS Platforms

Tier 1 encompasses rugged laptops and CSfC-enabled systems that can be configured to protect classified
information through layered security implementations. The NSA's Commercial Solutions for Classified (CSfC)
program has revolutionized this space by enabling commercial products to be used in layered solutions

protecting classified National Security information up to Top Secret level.

4.1 Primary Recommendation: Purism Librem 14

The Purism Librem 14 is widely regarded as the most mature x86 platform for users seeking to minimize the
Intel ME's influence while maintaining high-performance computing capabilities. Purism's approach is
two-fold: the Intel ME is both neutralized and disabled. Neutralization involves using tools like me cleaner to
zero out approximately 90-92% of the Intel ME binary, removing the kernel, network stack, and enterprise-level
Active Management Technology (AMT) code. After this code is stripped, the High Assurance Platform (HAP)

bit is set, which instructs the ME to halt its own execution immediately after the initial hardware boot sequence.

Feature Specification Security Implementation

Intel ME Status Neutralized & Disabled 90-92% code removed; HAP bit set

Firmware PureBoot (Coreboot + Heads) Tamper-evident boot process




Trust Chain Librem Key (Measured Boot) External token verification
Kill Switches Hardware (Camera/Mic/WiFi) | Physical circuit disconnection
BIOS Protection Physical Write-Protect Switch | Prevents firmware implants
Supply Chain Anti-Interdiction Services Glitter seals; photographic evidence
Operating System PureOS Linux No proprietary blobs; fully free
Release Year 2021 (Updated 2024-2025) Within 5-year requirement

Table 5: Purism Librem 14 Security Features

4.2 Alternative: NovaCustom with Dasharo

NovaCustom, based in the Netherlands, has emerged as a significant European alternative to US-based secure
hardware providers. Utilizing Dasharo coreboot firmware, NovaCustom devices focus on transparency and
owner control. A key innovation is the Dasharo TrustRoot, which implements Intel Boot Guard using an
e-fusing principle, establishing a hardware-based root of trust. The NovaCustom NV41 and NC14 series offer
modern 12th and 14th generation Intel processors with the Intel ME disabled via HAP bit while maintaining
strong Host Security Interface (HSI) levels.

5. Tier 2: Commercial Devices with Enhanced Security

Tier 2 includes consumer and enterprise laptops with meaningful hardware-level security features that provide
protection against commercial surveillance and opportunistic attacks. These devices may not have government
certifications, but they offer significant security advantages through hardware kill switches, open-source

firmware options, and privacy-focused design decisions.

5.1 Primary Recommendation: Star Labs StarBook 7

The Star Labs StarBook 7 is optimized for Qubes OS, a security-focused operating system that uses hardware
virtualization to isolate different tasks into separate 'qubes'. This compartmentalization ensures that even if one
virtual machine is compromised, the attacker cannot access data or processes in other VMs. The StarBook is the
only Qubes-certified laptop with native support for qubes-fwupdmgr, allowing secure firmware updates directly
from within the secure OS environment. The device features open-source coreboot firmware with configurable

Intel ME disabling options.

Feature Specification Security Benefit
OS Optimization Qubes OS Certified Hardware virtualization isolation
Firmware Update qubes-fwupdmgr native Secure updates from isolated environment
Intel ME Disabled option available Reduces ME attack surface
Coreboot Open-source firmware Auditable boot process
Kill Switch WiFi hardware switch Physical network disconnection




TPM TPM 2.0 Measured boot support

Release Year 2024-2025 Within 5-year requirement

Table 6: Star Labs StarBook 7 Security Features

5.2 Alternative: TUXEDO InfinityBook Pro

TUXEDO Computers, based in Germany, manufactures Linux laptops with a focus on data protection and
privacy. All devices are assembled in Leipzig, Germany, providing complete control over the manufacturing
process. TUXEDO offers their own Ubuntu-based TUXEDO OS with no telemetry or data collection. The
company provides full disk encryption options and TPM 2.0 support. For users seeking alternatives to US-based
manufacturers, TUXEDO offers German-engineered hardware with European data protection compliance and

configurable Intel ME disabling options.

6. Tier 3: Operational Security Tools

Tier 3 focuses on procedural barriers that minimize attack surfaces through physical and operational means
rather than specialized hardware alone. Even the most secure laptop can be compromised through poor
operational security practices. This tier provides guidance for users who cannot access specialized hardware or

who require additional layers of protection.

Method/Tool Implementation ME Mitigation
. . . No network tivity; USB ME t exfiltrat
Air-Gapped Systems Physical Isolation 0 RieTWOrk connectivity } cannot extittrate
controlled without network
Anti-Interdicti . . . . .
8 IS: e,rc el;: on Supply Chain Glitter seals; photographic evidence | Detects hardware implants
rvi
. . . . . Detects ME fi
Measured Boot Firmware Security | TPM hashing; external verification © e? ° . frmware
modification
. Blocks elect ti
Faraday Enclosures EMSEC RF-shielded transport/storage PO e
exfiltration
. . C rtmentalizati . e Isolates ME t
Multi-Device Strategy ompartmentatizat Separate devices for sensitivity 50 a. o8 .exposure ©
on specific device

Table 7: Operational Security Tools and ME Mitigation Strategies

7. Complete Device Comparison Matrix

The following comprehensive comparison matrix presents all recommended devices across tiers, enabling users
to make informed decisions based on their specific threat models, performance requirements, and budget

constraints. All devices listed are within the five-year requirement (2021-2026).

Device Architecture ME Status Score Avail.




MNT Reform Next 0 ARM (RK3588) Non-existent 98 3/5

DC-ROMA RISC-V III 0 RISC-V (K3) Non-existent 88 3/5
Purism Librem 14 1 x86 (Intel) Neutralized 74 3/5
NovaCustom NV41 1 x86 (Intel) Disabled (HAP) 66 3/5
Star Labs StarBook 7 2 x86 (Intel) Disabled option 72 3/5
Fr"(‘;‘;"é"_ﬁ)m 2 RISC-V (K3) Non-existent 70 4/5
System76 Adder WS 2 x86 (Intel) Disabled option 68 4/5
TUXEDO InfinityBook 2 x86 (Intel) Disabled option 64 4/5
NitroPad T480 3| x86 (Intel 8th Gen) Hggxz:d 62 4/5
Precursor (FPGA) 3 FPGA (RISC-V) Non-existent 90 3/5

Table 8: Complete Device Comparison Matrix (2021-2026)

8. Recommendations by User Profile

Selecting an appropriate secure laptop depends heavily on specific threat models, available resources, and
operational requirements. The following recommendations provide guidance for different user profiles facing

varying levels of threat, with specific attention to management engine concerns.

User Profile Threat Level Top Recommendations Procurement Path
Government/Defense . MNT Reform Next; Talos II; Direct manufacturer;
. Nation-State .
(Classified) TEMPEST systems Security clearance
e . . . . . Def tracts; GSA
Military/Tactical (Field) Nation-State Purism Librem 14; Getac B360 Pro clense contracts
Schedule
] lists/Activist Targeted Purism Librem 14; Framework Direct; Anti-interdiction
ournalists/Activists .
Surveillance RISC-V recommended
MNT Reform Next; F k Direct; Technical
Security Researchers Advanced clorm Next; Framewor et Teetmical
RISC-V configuration required

Privacy-Conscious Framework 13; TUXEDO

Commercial Direct; Retail availability

Consumers InfinityBook
Non- isdicti E f
on-US Jur1§d1ct10n Variable TUXEDO; Slimbook; NovaCustom ur opean manufacturers
(EU/Asia) direct

Table 9: Recommendations by User Profile

9. Implementation Guidance and Procurement



9.1 Availability Rating System

Each device in this report includes an Availability Rating from 1/5 to 5/5, indicating market accessibility. A
rating of 5/5 indicates wide availability through standard retail channels with no special authorization required.
A rating of 3/5 requires direct manufacturer contact with possible geographic restrictions. A rating of 1/5 is

restricted to government agencies or authorized personnel requiring security clearance.

9.2 Supply Chain Security

For high-threat environments, supply chain security is paramount. Vendors like Purism and Star Labs offer
anti-interdiction services that include glitter nail polish seals on screws (photographed and sent via encrypted
email), comprehensive photographic evidence of device interior and exterior before shipping, and
tamper-evident packaging. These measures address the threat of hardware implants inserted during transit by

state-level adversaries.

9.3 Firmware Verification

Upon receipt of any secure laptop, users should verify firmware integrity before first use. For devices with
PureBoot or Heads firmware, this involves using an external security token (Librem Key or Nitrokey) to verify
measured boot hashes. For coreboot devices, users should verify cryptographic signatures against published
hashes from the manufacturer. Any discrepancy indicates potential compromise and the device should not be

used for sensitive operations.

10. Conclusion

The landscape of laptop security in 2026 demonstrates that true security is no longer a software guarantee but a
hardware requirement. The battle for control over computing devices has moved into the 'pre-boot' and
'pre-silicon' domains, where the opacity of proprietary management engines and NPUs represents a critical
strategic liability for users facing nation-state adversaries. The adoption of open ISAs like RISC-V, the
neutralization of legacy engines on x86, and the implementation of hardware kill switches are not merely

features but fundamental necessities for those operating in high-threat environments.

For users demanding the absolute absence of management engines, the MNT Reform Next with ARM/RISC-V
architecture provides the most 'pure' architectural path available. For those requiring x86 performance, the
Purism Librem 14 with ME neutralization and physical kill switches offers the most effective mitigation of
management engine threats on traditional hardware. The Framework 13 with RISC-V mainboard represents the
modular future of secure computing, allowing users to transition architectures without sacrificing modern form

factors.

The transition from 'security by obscurity' toward 'security by transparency' is accelerating. As Al becomes a
force multiplier for attackers, the only sustainable defense is a system where every line of firmware and every
logic gate in the processor can be audited, modified, and verified by the owner. The tools for hardware

sovereignty are now accessible to those with the wisdom to prioritize architectural purity over convenience.



