
NXP OSM White Paper

Ve
rsi

on
_2

02
60

51
2

1

OPEN STANDARD MODULES 
PROVIDE THE PATHWAY 

TO SIMPLER HIGH-VOLUME 
SYSTEM DESIGN

The Open Standard Module (OSM) represents the most 
advanced and cost-effective COM format to date, designed 

to deliver low- to mid-performance in volume production. 
It provides OEMs with easy access to powerful embedded 

processors, coupled with memory and communication 
subsystems pre-designed to meet the needs of industrial 

applications. 
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Executive Summary:

Software-defined has become a term used in every vertical serviced by the embedded electronics industry, 
often associated with open-source projects like Linux and Zephyr. While hardware is not a commodity, hardware 
platforms that enable the software-defined era exhibit many commonalities. Common platforms are enabled by 
industry-leading architectures, optimized for running open-source software. 

In response to these megatrends the Computer-on-Module (COM) landscape is changing rapidly. More OEMs are 
attracted to the benefits of open hardware platforms that are designed and optimized with popular applications in 
mind. 

As the underlying technology in the industry advances, we see innovations at every level, from flexible PCBs to 
folding screens. The nature of miniaturization is pushing the industry to make these innovations. We see this 
influencing the way COM standards are evolving. Often targeting applications where high performance is essential, 
incumbent standards including SMARC, COM-Express and COM-HPC occupy a specific part of the market. 

The Open Standard Module (OSM) represents the most advanced and cost-effective COM format to date, designed 
to deliver low- to mid-performance in volume production. It provides OEMs with easy access to powerful embedded 
processors, coupled with memory and communication subsystems pre-designed to meet the needs of industrial 
applications. 

The inherent benefits of a modular system design run through the specification, while providing unprecedented 
flexibility. 

Key takeaways:

	- Modular system design entered a new era with the advent of OSM
	- OEMs gain faster time to market, longer time in market and greater ROI, even in high volumes
	- Technical barriers to OSM adoption are low
	- OSM combines the cost-effectiveness of chip-down design with the benefit of adding multiple sources. 

Introduction

Modern embedded products comprise a mix of original implementations and proven solutions. The end-product 
will be a unique design, creating real value. However, the constituent parts of that design will inevitably include 
existing intellectual property, leveraged for both technical and commercial reasons. 

The continued trend toward increased levels of integration supports this. The system-on-chip (SoC) and system-on-
module (SoM) exemplify the trend. 

Computer-on-modules (COMs) and single-board computers (SBCs) represent further levels of integration. They will 
often use SoCs and SoMs as their main components. Together, they target applications that require commoditized 
functionality, with SBCs mainly representing industrialized PCs. 
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Table 1: An overview of COM and SBC formats

Caption: COM formats have evolved to cover different features and requirements.  
While SBC formats vary, they are mainly differentiated by performance. 

The use of existing IP is most starkly evidenced in the software domain by the significant and continued shift 
toward open-source software, now favored over (re)developing an entire codebase. The approach is epitomized 
by embedded products based on Linux distributions and more recently the Zephyr real-time operating system. 
Off-the-shelf middleware developed for these ecosystems is also commonplace. Differentiation is often entirely the 
remit of the application code, which is closely associated with the user experience. 

While open-source software has been in ascendence for decades, there has been noticeable lag in the hardware 
domain. Design teams are too often constrained by performance goals that can only be met by a deep level of 
optimization, forcing a chip-down approach. Designing at the chip level allows maximum flexibility but carries the 
greatest risk. 

The constraints that force engineering teams to choose a chip-down approach are loosened with every new 
generation of processors from leading device manufacturers, such as NXP. These devices offer enough integrated 
functionality and affordable performance to allow for a ‘software-defined’ approach to hardware design.   

OSM: The first module to challenge chip-down design

The cost of physical elements, including PCBs, connectors, passive components and integrated circuits, can be 
amortized through high volumes. However, the cost of manufacturing, testing, and final assembly is largely fixed, 
increasing linearly with the number of units produced. 

These technical limitations and market dynamics rendered off-the-shelf hardware suitable only for mainstream 
applications (in terms of features). Relatively niche applications with standard requirements often justify the selling 
price and higher manufacturing cost. For low-volume applications based on a standard PC-like platform, an SBC 
provides the ideal solution. 

This paradigm was shattered by the introduction of the Open Standard Module (OSM); a fundamentally different 
approach to using standards-derived hardware in the embedded domain.

EMBEDDED COMPUTE MODULE FORMATS (COM / SOLDER-DOWN) SINGLE-BOARD / MOTHERBOARD FORMATS (SBC / “PC”)

COM‑HPC (PICMG high‑performance Computer‑on‑Module). Mini‑ITX (170 × 170 mm embedded/industrial motherboards).

COM Express (Basic, Compact, Mini) modules. Micro‑ATX / ATX industrial motherboards used in embedded 
systems.

SMARC (Smart Mobility ARChitecture, SGET). 3.5‑inch SBCs (146 × 102 mm embedded single‑board computers).

Qseven (Computer‑on‑Module standard, SGET). 2.5‑inch / Pico‑ITX SBCs (around 100 × 72 mm).

OSM (Open Standard Module, solder‑down  modules, SGET). 1.8‑inch SBCs and other ultra‑small embedded SBC cards.

ETX / XTX and similar legacy Computer‑on‑Modules. EPIC SBCs (approx. 165 × 115 mm embedded boards).
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As an embedded technology, OSM fits into the category of computer modules that require a carrier board. 
However, the OSM has more in common with SoCs, due to its unique configuration. The modules feature a land grid 
array (LGA) footprint and are soldered directly onto a carrier board, typically using  the Fused Tin Grid Array (FTGA) 
technique, rather than attached using a larger, expensive connector. 

By adopting an LGA-style interface, an OSM is completely machine-processable during assembly and test. As 
automation is the key to lowering manufacturing costs and increasing throughput, the fact that OSM facilitates 
automation is fundamental to its value proposition. 

Standardized approaches to developing hardware platforms have always accelerated design cycles but have 
typically introduced engineering and financial tradeoffs. OSM redefines those tradeoffs by addressing every 
parameter that matters to OEMs targeting mid-to high-volume production. 

OSM moves the needle for performance, size, and system cost so significantly that engineering teams in every 
vertical market can now consider an OSM-based approach for new product development. 

An overview of the OSM standard

The Open Standard Module (OSM) was conceived and developed by the Standardization Group for Embedded 
Technologies (SGET) and is published under a Creative Commons Plus (CC+) Dual License. This supports an open 
license model for materials, components, and software, while still allowing manufacturers to place certain aspects 
of the design under a commercial license (such as ECAD assets).  

The first version (V1.0) of the specification was released in November 2020, followed by V1.1 in January 2022. The 
specification is now at V1.2, released in October 2023. The specification covers four module formats: 0 (Zero – 188 
contacts), S (small – 332 contacts), M (medium – 476 contacts) and L (large – 662 contacts). Each format defines 
features that are either mandatory, recommended, or optional. These features cover Ethernet, PCIe, USB, SPI, IC2, 
GPIO and more. 



tria-technologies.com									         info@tria-technologies.com

NXP OSM White Paper

Ve
rsi

on
_2

02
60

51
2

6

Table 2: A comparison of Computer-on-Module formats

Caption: This table shows where OSM fits into the COM landscape. Its balance of size, performance, and cost differentiate it more from other 
formats and puts it firmly in the domain of chip-down design. 

The overriding characteristic of OSM is its compatibility. As an open standard, any manufacturer can bring to 
market a module that meets the specification’s requirements. However, while pin-to-pin mechanical and electrical 
compatibility is mandated, the features implemented are not. 

One of the main barriers to large-scale deployment of other modules, including those based on specifications 
developed by SGET, is their cost. That includes the cost of buying the module, and the cost of assembling the final 
product. Traditional modules are not designed for automated production lines, requiring a human operator to 
connect the module to the carrier board. The alternative has been to implement the design in a proprietary chip-
down design that supports fully automated assembly (including pick-and-place, surface-mount technology, and 
automated optical inspection). 

Every OEM must balance the convenience and flexibility of using a modular system design against the benefits 
of embarking on a proprietary chip-down approach. The balance typically changes when volumes reach several 
thousand units per year. 

SGET’s motivation for developing the OSM specification was to create a future-proof format for modules that 
support an automated approach to soldering, assembly, and test. The size, cost and format of OSM moves the 
tipping point. Because an OSM is designed for cost and can support automated assembly, the balance now favors 
OSM up to volumes of tens or even hundreds of thousands of units per year. 

By lowering the cost of implementation, OEMs now have a feasible alternative to chip-down design in mid- to 
high-volume production. In addition, the significantly smaller size of OSM versus other standard modules, such 
as SMARC, means it can be used in applications that could not accommodate the size of a SMARC module, carrier 
board and connector. 

FORMAT RELATIVE PERFORMANCE RANGE TYPICAL I/O AND FEATURES TYPICAL TARGET APPLICATIONS

Highest: supports many 
CPU cores, large RAM, 
high‑bandwidth PCIe, multiple 
10/25 GbE, etc.

Very rich I/O: many PCIe lanes, 
multi‑display, high‑speed 
networking, USB, storage, 
sometimes AI accelerators.

Edge AI gateways, video 
analytics, industrial servers, 
high‑end medical, and 
telecom/5G edge.

Mid‑to‑high: from low‑power 
variants up to fairly powerful 
multi‑core embedded CPUs and 
GPUs.

Rich but somewhat less extreme 
than COM‑HPC: PCIe, multiple 
displays, USB, SATA, Ethernet, 
legacy interfaces depending on 
type.

Industrial, medical, 
transportation, digital signage, 
building automation, and 
general embedded compute.

Low‑to‑mid: optimized for 
efficient mobile/embedded 
SoCs rather than maximum raw 
throughput

Balanced I/O: display, camera, 
USB, SDIO, Ethernet, GPIO, often 
tailored to mobile/edge devices.

Industrial HMI, smart cameras, 
kiosks, robotics, edge IoT nodes, 
and other low‑power systems.

Low‑to‑mid, focused on efficient 
ARM SoCs rather than large x86/
COM‑HPC‑class CPUs.

Sufficient I/O for embedded and 
robotic applications: Ethernet, 
USB, serial, GPIO, and selected 
high‑speed interfaces depending 
on OSM size class.

Compact edge devices, robotics, 
space‑constrained industrial 
controllers, high‑density sensor/
actuator hubs, gateways
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While not a direct replacement for SMARC modules, many of the features are comparable. However, relatively 
few of the features covered in the OSM specification are defined as mandatory, so while the pin assignments are 
common across all OSMs from all manufacturers, the population of those pins will vary significantly. This is, in part, 
related to the features offered by the main processor or SoC selected by the module’s OEM. 

As such, rather than just being a module specification, the OSM format can be seen as an extension to the features 
of the host processor/SoC, to provide a lower barrier to implementation while maintaining a simpler upgrade path. 
The SoC may change to accommodate a faster processor core or AI acceleration, but the way the module fits into 
the system remains the same. 

In practical terms, there is a minimum requirement that the host processor or SoC must meet, in terms of the 
mandatory features of the OSM specification. This precludes many parts, notably most microcontrollers and low-
end processors. The specification also supports a high degree of customization, providing for OEM-assigned or 
multi-use interfaces. This allows non-standard features to be implemented in a way that most other open standards 
do not. 

The specification remains relatively general in its requirements, but by its nature defines what the host processor 
should provide. In theory, all the mandatory requirements of the specification could be met using a combination of 
integrated solutions, but practically they are best met using one or two highly integrated devices. 

This has attracted module manufacturers, like Tria Technologies, that can deliver open-standard modules 
harnessing the power of leading-edge processors and SoCs. Tria is working with NXP to create solutions 
that combine the high degree of optimization many OEMs require from their hardware, with the benefits of 
standardization. 

When coupled with a custom carrier board, which can be developed by the OEM or also designed and manufactured 
by Tria Technologies, an OSM-based solution delivers faster time to market, a longer time in market using the same 
carrier configuration, lower assembly and test costs, and an effective roadmap to higher performance. 

The Tria + NXP Value Proposition 

Tria is one of NXP’s few Platinum Partners – a tier reserved for companies that collaborate closely with NXP to enrich 
the enablement and implementation of total system solutions. Platinum status means Tria gets early visibility of 
roadmaps, access to the next generation of parts earlier than other ecosystem partners, and tighter alignment on 
reference designs and enablement. By working closely together, Tria and NXP provide OEMs with a shorter path 
from concept to global deployment of secure embedded solutions. 

This customer advantage is enabled by the combination of NXP’s silicon, software, and security platforms, and 
Tria’s own state-of-the-art board support packages (BSPs), tailored to its NXP-based compute modules. Beyond 
BSPs with long‑term maintenance commitments, customers also get security manuals, a software bill-of-materials 
(SBOM) and all relevant information needed to meet the  EU’s Cyber Resilience Act (CRA) requirements. 

The CRA is redefining embedded products. In general terms, all digital products that may have cyber vulnerabilities 
must implement measures to mitigate cyber-based attacks. This extends to responsive reporting and 
countermeasures to remove any software-based vulnerabilities found in their products while in service. 
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Beyond the legal requirements, Tria also provides a number of value-added tools and services helping customers 
on their journey towards CRA compliance and managing common vulnerabilities and exposures (CVEs). This 
includes consulting services for structured CVE management, ensuring security issues are handled transparently 
across the full product lifecycle. Tria also provides a highly efficient CVEscanner (software or SAAS).   

NXP’s portfolio provides silicon platforms, software stacks and tools from MCUs through to the i.MX application 
processors. OEMs can start from proven reference designs rather than bare metal. Tria uses these platforms to 
deliver pre-engineered COMs, SBCs and full systems (including HMIs). Customers integrating with modules avoid 
designing complex boards from a blank sheet. 

Together, NXP and Tria can support full mobility, up and down the performance ladder without full redesign. Tria 
has a large portfolio of OSM, SMARC, Qseven, COM Express and COM-HPC modules and SBCs built on NXP i.MX 
processors. With the industry’s largest range of OSM parts based on i.MX application processors. 

How NXP and Tria deliver a better customer experience

OEMs can standardize on Tria’s NXP OSM footprint and move between i.MX 8M, 9x and 95 performance tiers as 
requirements evolve, reusing carrier designs and much of the software base. Combined with Tria’s Platinum-level 
insight into NXP’s future processors, this gives customers confidence that today’s OSM design will scale into the 
next decade of NXP edge roadmaps. 

CUSTOMER NEED NXP VALUE-ADD TRIA VALUE-ADD

Edge compute 
performance & security

EdgeVerse devices (MCX, i.MX, 
RT) plus EdgeLock, AI/ML and 
wireless stacks

OSM/SMARC/COM modules using NXP processors: secure, compact 
hardware ready to embed

Cyber resilience Hardware supported with 
software security updates

	- CRA‑ready BSPs with long‑term maintenance commitments
	- CRA‑aligned security documentation and SBOMs
	- Tools and services to simplify CVE management
	- CRA-targeted hardware and software trainings.

Software and tools MCUXpresso, eIQ, Zephyr/Linux/
Android support, application 
code hub and GoPoint

BIOS/OS customization, drivers and application support around the 
chosen NXP platform

System integration and 
HMI

Reference designs for HMI, 
connectivity, security and real-
time edge systems

Custom systems, cooling, housing, displays and touchscreen 
integration for complete HMI units

Manufacturing, 
logistics, lifecycle

Long-term roadmap for 
industrial and IoT edge products

European in-house manufacturing, Avnet-backed global logistics and 
long-term supply support
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The flagship OSM-LF-IMX95 is a 45 x 45mm Size-L module with a six-core 2 GHz Arm Cortex-A55 cluster, Cortex-M7 
and M33 real-time cores, Mali GPU, 4K-capable VPU and NXP’s eIQ Neutron NPU plus new ISP, enabling demanding 
edge AI and vision workloads. 

The module integrates EdgeLock Secure Enclave for secure boot, crypto, key management, attestation and secure 
OTA, and supports up to 16 GB LPDDR5 with inline ECC, up to 256 GB eMMC, 10 G-capable SerDes, dual GbE, USB 
3.0, PCIe Gen3, CAN-FD, LVDS, MIPI DSI and dual CSI-2, plus QSPI for FPGA connectivity. 

Tria complements the OSM-LF-IMX95 with a development platform, starter kit and Yocto Linux BSP (Android on 
request), so teams can validate quickly and then move to volume with minimal redesign. 

The challenges of bringing an OSM to market

The OSM specification V1.2 defines the physical outline of each OSM format, and OEMs must comply with the 
specification. In addition, it provides guidance on how to design an OSM but few recommendations. The specifics of 
each OSM design are left to the OEM. 

Of these specific demands, designing the power delivery network (PDN) is crucial. The specification defines the 
framework for a PDN, in terms of the supply rail definitions, pin allocation by module size, the control signals used 
for power sequencing, and the footprint geometry.
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The OEM, in this case Tria, is responsible for defining and verifying:

	- PDN impedance targets
	- Decoupling capacitor specification and placement
	- Power planes
	- Voltage ripple and noise margins
	- Transient response 
	- PCB stackup

These considerations are critical for the stable operation of any board, but the specific constraints imposed by 
the OSM format make it even more challenging. These constraints include board size, mandatory LGA footprint, 
component proximity, restrictions on the location of decoupling capacitors, and limitations to underside SMT 
placement.  

To address this challenge Tria invested in the industry-leading PDN analysis tool. Using this  tool, Tria can simulate 
an OSM layout, covering the electrical properties of the board – specifically the capacitors and line impedance 
across the operating frequencies of the board. 

This delivers the insights needed to bring a stable module design to market. But the module is only half of the 
solution. The carrier board is also a critical component in system design. 

Part of the overall philosophy of OSM is that the carrier board should accommodate any module. As there is design 
flexibility at the module level, this puts pressure on the manufacturer of the carrier board. Processors may run at 
different frequencies, some high-speed serial interfaces may not be implemented (if optional), while others that are 
only recommended may be present. 

SGET provides the OSM Design Guide to assist engineering teams developing carrier boards. Again, while the guide 
provides recommendations, it doesn’t impose specific limits. Maintaining a suitably high level of signal integrity 
relies on the team’s understanding and expertise, at a systemic level, of the overall design implementation.  

Any carrier board needs to be designed to accommodate a wide variety of module profiles. Tria has developed 
its own proprietary verification technology that includes a carrier board which allows any size OSM module to 
be mounted. Crucially, the verification platform accommodates every interface in the specification, enabling Tria 
engineers to characterize signal integrity across all operating scenarios.  This information can be transferred to the 
design of a production carrier board. 

In addition, Tria has developed a smaller carrier board supporting all of the most commonly used interfaces 
and capable of accepting OSM modules up to size L, enabling easier market adoption for customers. Using this 
technology, Tria is helping customers develop a total solution that delivers the functionality and performance 
needed, while keeping signal integrity at the heart of the design. 

Customers can also go to market using this technology, in low volume or proof of concept stages, before embarking 
on a fully optimized custom carrier board approach. 
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Testability is another important consideration when developing embedded solutions. While many of the design 
for manufacture (DfM) aspects of OSM are handled by the specification and design guide, design for test (DfT) is 
the responsibility of the OEM. Following best practices would provide suitable access to critical signals at a module 
level, but high-volume production requires a different approach. 

To meet this need, Tria has developed proprietary test equipment that can handle panels containing multiple 
modules, testing each module simultaneously. This drastically increases the throughput at test time, lowering the 
cost of test. Only Tria’s customers can benefit from the cost savings this proprietary technology brings to OSM 
production. 

Key design considerations for OSM systems

Most embedded systems feature more than one PCB. When starting a new product design, there are two major 
costs to consider for each board in the system: the non-recurring cost of development, and the recurring cost of 
manufacture (comprising assembly, testing, and programming).

The value of every board in the system must be measured against these considerations. Final cost remains a major 
consideration for OEMs, even for high-value boards. The question is, should one of those high-value boards be an 
OSM. 

Looking at the non-recurring cost of design first. With a module approach, the clear advantage is that all the 
hardware design and much of the software design is done. Of course, there is flexibility in the software domain, but 
generally the module will be running complex applications based on a Linux distribution. 

The design of the board will be optimized for this scenario, including the type and amount of memory implemented. 
This takes a heavy burden off the design team, as selecting the best memory configuration for any processor can 
be complex. All the communication interfaces and processor subsystems will also be configured and the design 
validated. 

Final assembly becomes simpler, because your purchasing team doesn’t have to source the entire bill of materials. 
One part number is all you need. As covered earlier, testing the board falls on the supplier. In Tria’s case, its 
investment in proprietary testing equipment ensures its customers incur the lowest possible cost. 

Manufacturing considerations when using an OSM

The OSM specification supports the use of embedded multi-media card (eMMC) memory. To increase storage 
capacity, an eMMC may use multi-level cell NAND Flash technology. Multi-level cell memory has a known issue with 
the high temperatures (around 260°C) used in reflow soldering. The temperature can cause the threshold voltage in 
a cell to shift due to charge leakage, potentially leading to data corruption. 

An OSM could be supplied fully configured. For the OEM, knowing what memory technology has been used is 
critical to their assembly process. If the non-volatile memory is based on single-level cell technology the memory 
contents will not be affected by the reflow soldering process. If the memory used is based on a multi-level cell 
technology and it has been programmed, there is a chance that the reflow process will alter the contents.  
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Mitigating actions may include using Pseudo-SLC mode, forcing the eMMC to store just one bit per cell. While 
this reduces the storage capacity, it also improves resilience against the reflow process. Tria typically supplies its 
modules pre-configured with a standard boot loader. At power-up, following reflow soldering, the boot loader will 
enable the application codebase to be loaded through the OEM’s preferred method. This includes programming 
over Ethernet, USB, or via SD Card. Over-the-air configuration is also possible, providing the system supports 
wireless connectivity. 

Thermal management in OSM systems 

Unlike the SMARC specification, SGET doesn’t prescribe a common heat spreader for OSMs. This can, in theory, 
mean interchangeability is impeded if one OSM runs hotter than another. 

The soldered-down nature of OSM offsets the need for active thermal management, as there is good thermal 
dissipation directly through the carrier board. Coupled with the fact that OSMs typically use more efficient SoCs and 
run cooler than other compute modules (such as SMARC), the need for a heat spreader is reduced, although every 
application will have its own requirements.  

Conclusion

There are many reasons for choosing to use a standard module in system design. Historically, their off-the-shelf 
nature provides a degree of second-sourcing and upgradeability not available with chip-down design. 

A primary difference between OSM and other modules is the manufacturing process. OSM requires the module 
to be soldered onto the carrier board, rather than attached through a connector. This has benefits, such as better 
thermal dissipation, but one obvious limitation, the board is not line-replaceable. 

This positions OSM uniquely between chip-down design and other COMs. Its lower cost, smaller size and low heat 
dissipation means it is the only COM format optimized for mid- to high-volume production. 

While integrated device manufacturers make efforts to preserve pin-to-pin compatibility within processor families, 
only a modular approach can guarantee that upgrade path. Choosing OSM offers the perfect balance between 
optimized design and future-proof performance. 

Tria Technologies is working closely with its supplier partner, NXP, to bring a range of OSMs to market. Further 
information about the modules available today can be found here. 


