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♦  1GHz AMD Fusion G-T40E CPU, 1GHz AMD 
G-Series eKabini SOC, or 1GHz i.MX6 single/
quad core CPUs

♦  Up to 2GB of DDR3 SDRAM
♦  5 USB 2.0 ports, 4 serial ports
♦  1 Gigabit Ethernet, 1 SATA port
♦  mSATA flashdisk & PCIe MiniCard socket
♦  Dual channel 18/24-bit LVDS, VGA, DDI
♦  4 12-bit A/D, 10 DIO, 4 PWMs, 2 counters
♦  5VDC and 6-32V DC supply
♦  PCI-104 & PCIe/104 I/O expansion
♦  PC/104 form factor 4.55” x 3.775”
♦  -20°C to +71°C and -40°C to +85°C 

The Quantum COM-based SBC offers scalable 
performance, high feature density, and long 
life support due to its use of interchangeable 
QSeven COMs. Its 3-in-1 design offers SBC, 
data acquisition and DC/DC power supply 
functionality in the compact PCIe/104 form 
factor.
Latching connectors, wide tem perature 
operation, and high resistance to shock and 
vibration allow it to excel in harsh environ-
ments, such as vehicle applications.

NEW:  Quantum PCI/104-Express SBC

The Perfect Fit for Imperfect Environments

Long Life SBC Family 
for Rugged Embedded 

Applications
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small MATTERS 
By John McHale, Editorial Contributor

www.smallformfactors.com

Unmanned Aircraft Systems (UASs) are typically smaller than 
manned aircraft, and as a result often have stricter Size, Weight, 
and Power (SWaP) requirements in their avionics, sensor pay-
loads, and other systems. The lower SWaP requirements – com-
bined with a push toward open architectures and commonality 
resulting from cuts in Department of Defense (DoD) funding – 
make the military UAS market a perfect fit for PC/104 and other 
Small Form Factor (SFF) suppliers.

“PC/104 technology is used across unmanned aircraft plat-
forms including command and control, ground stations, and 
payloads,” says Stephen St. Amant, Director of Marketing at 
RTD Embedded Technologies, Inc. (State College, Pa.) “RTD 
has been serving the unmanned systems market for many 
years and we see PC/104 use only growing in this sector. It 
is a perfect match of technology to an application because 
it sits in that spot between [Commercial-Off-the-Shelf] COTS 
and custom. 

PC/104 and SFF products are used in a variety of UAS applica-
tions, says G.T. Hilliard, Applications Engineer at WinSystems 
(Arlington, Texas). Some integrators use the technology for 
computing-intensive applications such as video processing, 
while other lower-end applications take advantage of the low 
power of Atom processors on SFF designs, he adds.   

“While it’s available off-the-shelf, PC/104 is also flexible and 
scalable due to its stackable and modular nature, giving UAV 
integrators multiple configuration options depending on 
their requirements,” St. Amant says. “PC/104’s SWaP advan-
tages also make the technology attractive for military SWaP-
constrained UAS platforms.” 

A DoD report, titled “Unmanned Systems Integrated Roadmap” 
– which adds a C to SWaP, not for cost but for cooling – states 
that the DoD wants to “reduce the size, weight, and power 
consumption of military platforms, as does the consumer elec-
tronics business, because large SWaP-C impedes mobility and 
raises maneuvering costs.” According to the report, “miniatur-
ization generally enables smaller systems and, when combined 
with more persistence, often minimizes investment,” weight, 
and power consumption. The report, a 25-year roadmap for 
unmanned systems, can be read at http://www.defense.gov/
pubs/DOD-USRM-2013.pdf.

The report also foresees the trend toward modularity in  payload 
designs continuing thanks to open standards, because modu-
larity “allows plug-and-play capabilities in joint and combined 
architectures,” making upgrades easier. 

Recent budget cuts have forced a drive toward commonality 
across DoD platforms; this roadmap confirms that trend, calling 
for more use of “open standards and interface definitions” to 
mitigate interoperability challenges with “unmanned systems 
communication infrastructures.” The report says enforcement 
of open standards and “government-owned data rights will 
promote the leveraging of common components and facilitate 
reuse among heterogeneous unmanned system platforms.”

In other words, suppliers that produce COTS hardware and 
software are well-positioned to weather the current economic 
challenges in the military market, and even thrive in the long 
run, as embedded signal processing and open architecture-
based computing solutions will likely dominate unmanned 
system Intelligence, Surveillance, and Reconnaissance (ISR) 
payload development. 

While the current military unmanned systems market is a bit flat 
and should remain so for the near future from a platform level, 
the DoD will still be spending money to sustain and upgrade 
these current platforms and their sensor payloads, which means 
more opportunities for PC/104, SFF, and other COTS suppliers. 

“We can have platforms for 10 to 15 years and upgrade the 
sensors, communications, and weapons systems to meet the 
standoff detection and ISR requirements and then focus on 
meantime between replacement for system elements such 
as communications, EO/IR, and others,” said Ron Stearns, 
Research Director at G2 Solutions (Kirkland, Wash.), in the fall 
issue of Military Embedded Systems. “It is a flat market and if 
flat is the new up, then there is sustainability from a DoD per-
spective. If you bend metal and make airplanes, it is going to 
be a tough road; but if you make command-and-control tech-
nology, flight controls, communication technology, and sen-
sors, and the business model continues to open up, it could 
be a time of opportunity for you. The need for ISR is not going 
away. Even as CENTCOM winds down, ISR missions will be 
needed in AFRICOM and USPACOM after that.”

While military programs, and DoD ones especially, dominate 
unmanned system use and development today, that will prob-
ably not be the case 25 years from now. Commercial appli-
cations, as well as civilian and consumer use of unmanned 
 technology, will eventually surpass that of the military. The 
roadmap authors say that commercial use of unmanned sys-
tems will be good news for U.S. taxpayers because increased 
commercial use of unmanned system technology could “reduce 
the price point of these systems for the military.” All of this is 
good news for PC/104 and SFF suppliers.

Military UAS market ideal for PC/104 & SFF designs
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Embedded board stacks are celebrating 
two decades of use in a variety of appli-
cations. Typically, there is a single host 
CPU card at the top, bottom, or even 
the center of the stack, driving the 
expansion buses upward and/or down-
ward. Previously, that host CPU had to 
follow the same form factor standard 
as the I/O cards. But with Computer-
On-Module (COM) products taking 
the Small Form Factor (SFF) market by 
storm, it was just a matter of time before 
COM CPUs for custom systems pen-
etrated stackable systems as well. In this 
first of two columns on transition boards, 
the focus is on how to extend the life of 
legacy stacks. 

In the late 1980s, the ISA bus appeared 
in a horizontal stacking format. Originally 
just for CGA graphics expansion – but 
in a more compact and rugged format 
than desktop CGA cards – the stacking 
bus gained traction for other types of I/O 
and became the PC/104 bus standard 
five years later. The 8-bit and 16-bit real-
world I/O cards found homes in appli-
cations including real-time motor con-
trol, data acquisition, medical devices, 
and transportation. Two decades later, 
these I/O cards are still in production, 
even as generations of CPUs have come 
and gone.

Well over a dozen manufacturers used to 
build SFF CPUs for these stacks. These 
days, however, the overall market for 
stackables has narrowed a bit, and tight- 
er budgets for military, Unmanned Aerial 
Vehicle (UAV), and transportation appli-
cations is threatening to turn stackable  
CPU vendors into endangered species.

An unlikely lifeline
In spite of the best efforts of standards  
trade groups to promote stackable 
architectures, the very members of these 
groups began to move their higher  

volume stackable customers over to a 
new architecture – namely, COM. The 
benefits and ROI of this move were clear: 
Invest in a custom carrier board up front, 
and shrink the system size while saving 
build costs for years to come. When 
inevitable processor End-Of-Life (EOL) 
issues arise, simply unplug the CPU 
module and replace it with the latest 
one. Because COM processor modules 
have a much broader market appeal, 
they reached critical mass for low-cost 
Asian manufacturing quickly, and the 
cost savings have been staggering.

One by one, CPU and I/O stacks in med-
ical and other applications were lured 
into COM architectures such as the ETX 
form factor with custom-designed car-
rier boards. The total available market 
for stackables stopped growing for 
years until stackable CPU manufacturers 
finally realized that COMs were a direct 
threat. Finally, it was the stackable I/O 
vendors who answered the “S.O.S.” –  
that is, “Save Our Stacks” – with an 
unlikely lifeline: embracing COMs with 
transition boards. One of the first such 
transition boards is shown in Figure 1.

The ETX-NANO-104 from ACCES I/O 
looks like a tiny embedded mother-
board with VGA, RS-232/422/485, USB,  
audio, PS/2 mouse and keyboard, and 
Ethernet ports. It features ISA and 
PCI bus expansion upward from the top 
surface, as shown. Noticeably absent is 
a large processor chip on the top. That’s 
because it isn’t on the top, and isn’t on 
the bottom either. On the bottom sur-
face (not shown) is a connector array 
for a pluggable CPU that gets cooled 
by a flat heat spreader plate. The pro-
cessor, chipset, LAN controller, RAM, 
and power supplies for the core voltages 
reside on the COM, which uses the high-
volume, low-cost ETX form factor. Many 
legacy-friendly ETX modules are still in 

the market, with single- and dual-core 
Gigahertz x86 processors to provide a 
wide range of performance, price, and 
power-consumption solutions. 

Quite a diverse set of applications can 
be covered with this approach. The tran-
sition board, often called a baseboard 
or carrier board, also provides PC-style 
connectors for the I/O that comes off the 
ETX module, which can simplify system 
cabling substantially. The ETX expan-
sion buses pass through to the upward 
stacking bus interface. System OEMs 
can now use an off-the-shelf transition 
board to extend the life of their legacy 
I/O stacks and legacy software while 
tapping into the wide offering of ETX 
CPUs. The amount of engineering effort 
to move these stacks to new bus tech-
nology is sizable, and fortunately there 
is a viable alternative to expensive new 
stackable CPUs in the form of a transi-
tion board.

Next quarter, we examine how I/O 
vendors are turning the tables on full-
custom designs, thereby breathing new 
life into mezzanine and stackable I/O 
architectures.

Small Form Factor 
Special Interest Group 

408-480-7900  
 info@sff-sig.org

Transition boards bring COMs to save I/O stacks

Small Form Factor
    SIG 

By Alexander Lochinger, SFF-SIG President

www.sff-sig.org

Figure 1 | ACCES I/O’s  
ETX-NANO-104 transition board 
brings COMs to I/O stacks.
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Spend less time and money designing with NAI’s 3U and 6U COTS SBCs.  
NAI’s configurable COSA™ Architecture delivers smarter systems that simplify 
system integration, with less weight, less program risk and no NRE —  
so you can deploy faster. 

Choose your processor board and 2-6 Intelligent I/O, communications or Ethernet 
switch functions. NAI will quickly assemble and configure the exact solution you 
need. Ideally suited for rugged Mil-Aero applications, NAI delivers off-the-shelf 

solutions for SWaP-constrained systems in air, land and sea applications. 

 Freescale QorIQ® P2041            Intel® Core™ i7           

 Intel® Atom™                               ARM Cortex™-A9 

A certified small business

Made in USA

Multi-function I/O

Single Board Computers

Rugged Power Supplies

Rugged Systems

Benchtop & VXI Instruments

Do more       Spend less Reduce SWaP Deploy faster

North Atlantic
I n d u s t r i e s

www.na i i . com

NA1027 VITA_Tech_Mar_SBC_Full_Page_AF.indd   1 2/7/14   4:23 PM

http://www.naii.com


The tipping point for widespread use of unmanned vehicles came during the 1991 
Gulf War. Since then we have seen an explosion in investment in research and devel-
opment, not only in the aerial arena but also for land and sea vehicles. Today we see 
unmanned fixed- and rotor-wing aircraft, boats, submersibles, spacecraft, vehicles, 
and throwable robots, with sizes ranging from hand-launched to very large. Current 
applications include combat, surveillance, research, search and rescue, sports, law 
enforcement, geophysical surveys, disaster relief, and remote sensing. Additionally, as 

Unmanned vehicles, throughout their 
long history, have typically been focused 
around the military and national secu-
rity industries. The initial use of these 
vehicles was simple: To remove humans 
from high-risk situations and go to places 
where humans could not. In the begin-
ning, unmanned vehicle technology was 
large, heavy, and not very powerful. How- 
ever, miniaturization and technological 
advancements in processor power versus 
power consumption – as well as advance-
ments in surveillance, communications, 
robotics, and software – mean that un - 
manned vehicles became and continue to 
be the go-to solution for a wide variety of 
military and nonmilitary operations.  

For more information: www.ces.ch

Headquartered in Geneva, Switzerland, CES - Creative Electronic Systems SA has been 
designing and manufacturing complex high-performance avionic, defense and communica-
tion boards, subsystems and complete systems for thirty years (such as ground and flight 
test computers, ground station subsystems, radar subsystems, mission computers, DAL A 
certified computers, video platforms, as well as test and support equipment). CES is 
involved in the most advanced aerospace and defense programs throughout Europe and 
the US, and delivers innovative solutions worldwide.

VIP-7412
The latest small form-factor (VITA 74) solution
from CES features a TI DaVinci™ video processor
providing multiple HD/SD streams of H.264,
VC1, MPEG-4 Video, JPEG/MJPEG compression /
decompression and multiple I/Os in a small
rurugged conduction-cooled format.

SAFE TECHNICAL SOLUTIONS
from CESSAFE TECHNICAL SOLUTIONS

Subsystems often need to be able to survive 

in the harshest of conditions. We can expect these systems 

to change rapidly as requirements are refined, technology 

advances, and lessons are learned.
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Unmanned vehicles and the PC/104 architecture

PC/104 
     Consortium 

By Dr. Paul Haris, PC/104 Consortium Chairman and President

www.pc104.org
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more emphasis is placed on the use of unmanned vehicles among civilian populations, 
we can only expect the unmanned-vehicle industry to expand.

UAVs can have numerous subsystems, depending on the application, but central to 
any of them are guidance and control, communications, power, sensory input, and 
data-gathering equipment, most often video surveillance. Other subsystems can also 
include such aspects as robotics if physical tasks need to be performed. Subsystems 
often need to be able to survive in the harshest of conditions. We can expect these 
systems to change rapidly as requirements are refined, technology advances, and 
lessons are learned.  

So where does the PC/104 architecture fit into this picture?  The short answer: every-
where. What benefits does it provide over other architectures and how is it being 
used today and into the future? Clearly this is a very large topic, but let me touch on 
a few aspects.

I have often written about the inherent ruggedness of the PC/104 architecture. In my 
last article, I talked about how the PC/104 architecture not only carries its own unique 
stackable features allowing for compact sizes, off-the-shelf and custom configura-
tions, maintainability, and simple upgradability, but it also overlaps with some of the 
strength of the mezzanine COM and card-cage architectures. This setup provides a 
truly versatile system-based design, which reduces time-to-market and total lifetime 
program costs.

These benefits mean that we find the PC/104 architecture being used in many 
unmanned vehicle applications today and being designed into many future systems.  
Since the architecture is based on an ecosystem principle of interoperable periph-
eral modules, OEMs have many off-the-shelf products in the areas of processors, 
DSP, FPGA, analog and digital I/O, RF communications, serial communication links, 
Ethernet, switches, routers, motion controllers, video and video capture, GPS, motion 
sensors, standard/isolated/MIL-SPEC power supplies, battery packs, and storage – 
just to name a few. In addition, numerous application-specific cards have been created 
to meet whatever requirement is needed. As these requirements change, as new func-
tionality is needed, and as processing power needs increase while power-consumption 
requirements decrease, the PC/104 stack inside the unmanned vehicle can be easily 
updated with readily available products.

For more information visit the PC/104 Consortium website at www.pc104.org.
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Figure 1 | As requirements change and power consumption requirements decrease, 
the PC/104 stack inside the unmanned vehicle can be readily updated.
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interfaces, the user experiences a highly reliable, easily inserted or removed, com- 
pact, and cost-effective “black box” solution. What’s in the box matters only in that  
the solution delivers optimal performance in harsh environments with the most  
compact footprint. 

PC/104-based boxes hit all the key sweet spots for UAS system integrators looking to 
add highly rugged and Size, Weight, and Power (SWaP)-optimized mission computers 
and networking nodes to their platforms (Figure 1).

When it comes to open-standard, broadly supported system architectures, PC/104 
delivers all the high-demand requirements in a cost-effective small package that 

Good things really do come in small packages: It’s as though small, lightweight PC/104-

based subsystems and Unmanned Aircraft Systems (UASs) for defense and aerospace 

applications were made for each other. 

PC/104 and UASs:  
The beauty of the system
By Mike Southworth

PC/104-based systems are handling pro-
cessing and networking duties on many 
Unmanned Aircraft Systems (UASs) flying  
missions around the globe today: Sev-
eral examples include serving as mission 
computers on the MQ-5B Hunter and 
acting as mobile network router systems 
on the Predator. In fact, you can find 
PC/104 technology flying today sup-
porting the U.S. Navy, Air Force, Army, 
and Coast Guard aboard unmanned 
surface vehicles, unmanned helicopters, 
and unmanned fixed-wing aircraft.

One of the beauties of the PC/104 archi- 
tecture is that when these cards are pack-
aged within a rugged chassis, the system 
designer can access all the benefits of this 
well-established, widely used standard 
without actually having to deal directly 
with the modules themselves. When 
deployed in enclosures with standard  

“One of the growing trends the industry is  

seeing with UAS-deployed PC/104 systems is the growth  

of LRU functionality consolidation, as system  

integrators are looking to put more functionality than  

ever before into the same physical envelope.”

SBCs: Use in unmanned systems 

SBCs Use in unmanned systems

The RQ-5B Hunter Unmanned Aircraft System (UAS) used by the U.S. Army integrates a DuraCOR PC/104-based 
mission computer as a payload interface for onboard electronics and sensors. Photo courtesy of Curtiss-Wright.
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loads the benefits of proven COTS tech-
nology into an easily integrated Line-
Replaceable Unit (LRU). That’s not to 
say that PC/104 is the answer for every 
situation, however. If the application 
requires flight- or safety-certified system 
hardware, or the function needs inten-
sive levels of processing horsepower 
that requires multiple bigger and hotter 
processors, the integrator may instead 
want to consider a high-performance 
bus/backplane approach. In such cases, 
a Line-Replaceable Module (LRM) such 
as VPX may be a better option. A good 
rule of thumb is if the required module 
dissipates more than 100 W, PC/104 is 
not likely the best solution. Moreover, 
while it’s possible to pursue rigid design 
assurance certifications such as DO-254 
or DO-178 with PC/104-based solutions, 
the associated cost and the need for 
detailed artifacts for each of the system’s 
components tend to argue for a custom 
solution rather than a COTS PC/104 
design. However, PC/104 is hard to beat 
for the numerous types of mission com-
puters and network switch applications 
that UASs require for onboard systems 
management and data communications.

Stability and flexibility
In recent years, as UASs have prolifer-
ated, it was only natural that PC/104 
would find a place on these highly 
SWaP-constrained platforms. Starting 
with the module itself, the PC/104 
story is one of stability and flexibility. 
The PC/104 form factor, regardless 
of which variant one considers – the 
newest-generation card types that fea-
ture PCI Express or the legacy cards 
built around the PCI/ISA bus – provides 
a consistent form factor, measuring 
roughly 3.6" x 3.8", that delivers an 
ideal small building block for systems 
design that has remained stable since it 
was first introduced in the early 1980s. 
Since then, PC/104 has been embraced 
as the go-to small-form-factor choice 
for building lightweight, low-power pro-
cessing systems. Today there are more 
than 100 suppliers of PC/104 cards, pro-
viding system designers with countless 
options for mixing and matching Single 
Board Computer (SBC) and I/O module 
types. This well-established market eco-
system ensures longevity of support 
while keeping costs competitive.

Figure 1 | Rugged PC/104-based 
computer subsystems routinely 
serve as mission processors for 
Size, Weight, and Power (SWaP)-
constrained airborne, land, and 
maritime platforms.
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Because of the large number of sup-
pliers, system integrators can mix and 
match modules, virtually as easily as one 
would with Lego blocks, enabling users 
to configure the particular I/O their 
application requires without the higher 
cost of a backplane or the larger chassis 
required by 3U or 6U backplane-based 
designs.

Rugged without compromise
Another important feature of PC/104 
cards is how rugged they are. In fact, 
because the modules have a very small 
surface area and their main connectors 

provide a very reliable connector from 
board-to-board, PC/104 offers a system 
building block that is inherently rug- 
ged for vibration and shock (Figure 2). 
Standard procedure at Curtiss-Wright 
for Parvus PC/104 solutions is to per-
form defense and environmental tests, 
including MIL-STD-810 and 461 EMI; 
newer systems are tested through 
DO-160 for environmental and EMI for 
commercial aerospace applications. 

Processing on UASs
PC/104-based subsystems are frequently 
used today as mission computers on 
UASs, providing  general-purpose PC 
functionality with a processor and tra-
ditional peripheral I/O devices, such 
as Ethernet, serial, analog, digital, and 
audio/video. Because each UAS plat-
form will require specific communica-
tions interfaces depending on the types 
of payload they carry, the mission 
computers are modified to support 
the specific devices onboard the air-
craft or vehicle, such as the 1553 bus; 
ARINC 429 databus; or synchronous, 
asynchronous, or digital I/O  needed for 
the particular radios or avionics that the 
processor will communicate with. 

These mission computers – typically 
located in front of the UAS’s network 
router and switches – gather informa-
tion from the platform’s sensors and 
then share the data through the switches 
and routers. 

Networking on UASs
Because UASs are essentially sensor 
platforms, PC/104 hardware is fre-
quently used for adding Ethernet con-
nectivity between the sensors and other 

Figure 2 | Rugged PC/104-based computer subsystems routinely serve as 
mission processors for Size, Weight, and Power (SWaP)-constrained airborne, land, 
and maritime platforms.

SBCs: Use in unmanned systems 
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computing devices onboard a UAS. This 
enables information gathered by the 
sensors or processed by the mission 
computers to be shared locally on a LAN. 
When a PC/104 Layer 3 router device is 
used, it enables an interlink to be estab-
lished between the devices on the UAS 
and other platforms in the air, or to 
remote stations on the ground or at sea. 
For example, a UAS might have a tac-
tical radio or satcom connection to the 
router, which then can relay data off the 
platform to provide situational aware-
ness to the warfighter. In this fashion, 
every UAS or platform can become a 
node in the network, providing informa-
tion that enables mission commanders 
and mission planners to make informed 
decisions on the battlefield.

PC/104 in the air: The MQ-5B Hunter
A good example of how PC/104 systems 
are deployed on UASs today is provided 
by the Hunter from Northrop Grumman. 
The MQ-5B Hunter UAS is currently 
being used by the U.S. Army to conduct 
battlefield surveillance using its multi-
mission optronic payload. The UAS flies 
over the battlefield gathering reconnais-
sance, surveillance, target-acquisition, 
and battle-damage information in real 
time. It then relays the information via 
video link to commanders and soldiers 
on the ground. 

The mission computer on the Hunter is 
a Curtiss-Wright Parvus DuraCOR 810 
subsystem. The system integrates a 
low-power 1.4 GHz Intel CPU, together 
with a MIL-STD-704/1275 power supply 
in a rugged aluminum chassis that uses 
MIL-DTL-38999 connectors. Up to six 
spare PC/104-Plus slots are available for 
mission-specific I/O functionality. Weigh- 
ing only 7.8 lb. (3.5 kg), this compact sys- 
tem measures only 10.60" (269.24 mm)  
x 5.30" (134.62 mm) x 5.30" (134.62 mm),  
including its connectors.

Going forward
One of the growing trends the industry 
is seeing with UAS-deployed PC/104 
systems is the growth of LRU function-
ality consolidation, as system integrators 
are looking to put more functionality 
than ever before into the same physical 
envelope. As semiconductor devices 
continue to reach higher levels of inte-
gration, it becomes increasingly viable 

to combine a number of separate functions that would have formerly required their 
own dedicated chassis into a single box. 

With the mission profile of UASs continuing to evolve, PC/104 hardware – by its very 
nature small, lightweight, and low power – will continue to be a good host, providing 
a cost-effective, stable, and flexible means of deploying ever-greater amounts of 
 processing and connectivity to support and protect warfighters.      

Mike Southworth is Product Marketing Manager for Curtiss-Wright Defense 
Solutions. 

Curtiss-Wright Defense Solutions 
msouthworth@curtisswright.com  

www.parvus.com
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Electronic equipment requires effective packaging solutions to prevent critical electronic 

components from overheating and to ensure consistent performance in demanding industrial 

environments. Therefore, design engineers must consider many diverse factors when 

choosing a packaging solution.

Packaging considerations for 
Small Form Factor boards
By Vlad Konopelko

A changing industry
As the electronics industry increasingly 
focuses on flexibility, performance expec-
tations, and design considerations, we 
are seeing several market trends:

Miniaturization
Virtually every industry, not least of all 
electronics, is seeing components get-
ting smaller. To use a healthcare example, 
a patient may have had to go to a spe-
cific room for a procedure. Now, how-
ever, with the shrinking of machinery 
and components, a mobile or handheld 
device may be used in the patient’s own 
room, thereby providing a more efficient 
outcome. 

In the electronics industry, many manufac-
turers are transitioning from larger 19-inch 
systems to Small Form Factor (SFF), 

single-board computing. This shift re- 
quires a flexible packaging solution that 
can accommodate SFF printed elec-
tronics, including Single Board Computers 
(SBCs), Computers-On-Module (COMs), 
nanoETXexpress, Mini-ITX, and Nano-ITX. 

Lifecycle reduction
Suppliers are introducing innovative 
electronic solutions with advanced capa-
bilities at a rapid pace. As lifecycles for 
electronics continue to shrink, engineers 
must design efficiently to maximize the 
return on total-cost-of-design and cost-
of-ownership investments. For instance, 
only a few years ago, an electronic com-
munications system would be deployed 
in the field for an average of five or 
more years before it was replaced with 
an upgraded model. Now, however, with 
increasing technological advancements, 

an updated (next-generation) solution 
with the latest and greatest technology 
and features is typically released each 
year, dramatically shortening the life-
cycle of a product. Thus, in this case, 
there are two options: Either deploy 
“future-proof” systems that may be 
updated as technology and application 
trends change, or replace with entirely 
new equipment.  

Lifecycle reduction also forces the cus-
tomer to consider the Total Cost of 
Ownership (TCO) of a product, which 
includes the initial cost to deploy, 
maintenance during the operational 
lifespan, and how long the solution will 
last. A key component to ensuring a 
 cost-effective, future-proof, electronic 
solution includes the enclosure. For 
example, consider two enclosures that 

COMs and SOMs Packaging considerations

14   y   Summer 2014  |  PC/104 and Small Form Factors



are priced competitively: Enclosure A is 
initially a low-cost solution but requires a 
complex and lengthy assembly time and 
significant investments in engineering 
and modification costs throughout the 
lifecycle. Enclosure B is offered at a 
slightly higher initial cost, but is based 
on a configurable platform that may be 
modified or reconfigured in accordance 
with changing requirements during 
the lifecycle at a minimal cost, and is 
assembled in two quick steps to help 
reduce assembly time and costs. Even 
if Enclosure B has a higher initial cost, 
the design engineer and assembly team 
save significantly in product lifecycle and 
labor costs, which may ultimately result 
in a better ROI.

Price
Industrial OEMs are seeking ways to 
accomplish greater productivity by 
minimizing the quantity or excess of 
resources. By employing a cost-effective 
solution that offers multiple functional-
ities, such as electromagnetic shielding, 
thermal management, interconnectivity, 
and the like, design engineers can save 
significantly because they don’t have to 
purchase multiple pieces of equipment 
or components.

Next generation
The electronics industry is also moving 
toward a trend of not having to worry 
about the details of the mechanics 
of a solution; it should work well 
and accommodate diverse applica-
tion requirements. Design engineers 
expect manufacturers to stay on top of 
trends and technology, and to continu-
ally incorporate these advancements 
in their products. Additionally, OEMs 
expect a product to fit their applica-
tion needs. While a product may have 
similar features and functionality year 
over year, it should also have some dif-
ferentiation and flexibility to fit a user’s 
exact need.  

Industry expectations
When selecting an enclosure or case for 
sensitive electronic components, the 
 following factors should be considered:

Assembly
Easy and fast assembly and disassembly 
of an enclosure or case is important, as 

Figure 1 | Easy and fast 
assembly and disassembly 
of an enclosure or case is 
important, as it directly 
impacts productivity.

SFF_Parvus-half-page-Apr2014.indd   1 4/9/2014   5:09:53 PM

it directly impacts productivity. If an enclosure takes a significant amount of time to 
put together, this can result in a halt in operations, which in turn affects a company’s 
bottom line (Figure 1).
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Access
The enclosure or case should also pro-
vide quick access to the Printed Circuit 
Board (PCB), allowing for fast equipment 
service and maintenance, upgrades, 
solution of technical issues, and/or com-
ponent replacement. Easy and quick 
access to the PCB is also critical to the 
product’s lifecycle. For example, in med-
ical applications, equipment may need 
to be tested for proper calibration and 
performance. If the enclosure or case 
does not provide immediate access, this 
will slow testing procedures and may 
result in a delay of operations.

EMC shielding
With today’s equipment running at 
higher frequency and generating 
increased power, the need to shield 
components from Electromagnetic 
Interference (EMI) is critical. Design 
engineers need components that do not 
interfere with other electronics, in addi-
tion to ensuring that the enclosure itself 
does not radiate interference.  

To address these needs, enclosures with 
built-in Electromagnetic Compatibility 
(EMC) shielding save time and ensure 
continuous operation. While gasket 
solutions can also be used, these require 
additional assembly, separate ordering, 
and the risk of lost or misplaced com-
ponents, as gaskets are very small. 
Employing an enclosure with built-in 
EMC shielding offers more convenience 
and minimizes the purchasing decision 
(Figure 2).

Cooling accessories
Enclosures with multiple equipment 
components residing inside will natu-
rally generate increased heat, which 
means that effective cooling solutions 
must be implemented. Tests should be 
performed to identify the EMC shielding 
and cooling capabilities required for 
optimal performance. 

The location of the heat source and 
the size of the enclosure greatly affects 
the EMC shielding and cooling require-
ments. For example, if an enclosure mea-
sures 1U high and 19 inches wide and is 
populated with equipment, it may be 
able to achieve as much as 26 Cubic Feet 
per Minute (CFM) with a standard fan 
bank running on high in a push-cooling 

configuration. Cooling requirements 
vary significantly from application to 
application, making it important to test 
separately for each one. 

Optimized accessories 
In addition to testing for EMC shielding 
and cooling capabilities, design engi-
neers should consider enclosure acces-
sories to help reduce integration time. 
These accessories may include:

 ❚  Board fixing, such as a mounting 
plate, flexible rail system, studs,  
self-adhesive support pads

 ❚  Mounting feet, including plastic 
feet, feet with tip-up function, and 
stacking feet

 ❚  Snap-on fan fixings or fan mounts 
for heat dissipation

 ❚ Enclosure mounting 
 ❚  Digital assets, such as test 

reports, STEP 3D files, and user 
manuals

Customization
Depending on the application, enclosure 
or case customization may be required 
to either accommodate a corporate 
identity or fit a specific application 
need. For example, instead of having 
perforations on the side, top-to-bottom 
cooling may be better suited for a par-
ticular project. Custom accessories can 

include sizing, solid or perforated side 
panels, PCB mounting, ventilation, and 
mounting feet (Figure 3).

Applying the technology
Flexible packaging for electronic 
modems
While flexible enclosure solutions can be 
applied in virtually any industry, manu-
facturers of sensitive electronics espe-
cially appreciate flexibility. For example, 
critical electronics – such as two-way 
satellite time and frequency transfer 
modems – need an enclosure solution 
to effectively protect and cool the com-
ponents to ensure continuous operation. 
However, the electronic components 
may differ in size and shape, requiring a 
flexible protection solution. 

To satisfy this challenge, the manufac-
turer can employ a flexible enclosure 
with varying standard sizes that can be 
modified to specific application require-
ments. To provide the necessary cooling 
capabilities, the enclosure should also 
offer built-in EMC protection, elimi-
nating the risk of interference without 
added effort or cost.

Customized packaging for  
audio/video cases
Audio/video cases require extensive 
customization due to the high quantity 

Figure 2 | Enclosures with 
built-in EMC shielding save 
time and ensure continuous 
operation.

Figure 3 | Custom accessories 
can include sizing, solid or 
perforated side panels, PCB 
mounting, ventilation, or 
mounting feet.

COMs and SOMs: Packaging considerations
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 ❚  Studs: To accommodate cost-
effective, large production runs, 
the inside of the case will house 
various studs.

As described, this type of enclosure is 
significantly different from a standard 
case, providing a completely modular 
platform solution.

Conclusion
With industry trends constantly changing, 
it is critical that enclosures accommo-
date market expectations and diverse 
application requirements. By employing 
an enclosure with versatile sizing and 
accessories and increased modification 
options, design engineers can effectively 
protect their critical electronics with a 
highly versatile enclosure solution.     

Vlad Konopelko is a Product 
Marketing Manager for Pentair 
Electronic Packaging – Schroff. 

Pentair Electronic Packaging  
Schroff

info@pentair-ep.com

of cutouts and flexible design. For instance, when considering a specific case, the case 
may require multiple customization options, including:

 ❚  Design: The front of the case has a large cutout for a specific plug-in module, 
which will be covered by an additional panel screwed onto the case.

 ❚  Height: Since the case will be mounted on gliding channels, the height of the 
case must be adjusted to accommodate the additional size.

 ❚  Cutouts: The back panel will be used for cutouts and printing, which the taps 
will interfere with. Instead of a standard four-part version, a three-part version 
will be used where the back panel is slightly redesigned. The taps will be screwed 
on the top of the case in place of the back panel, ensuring the flexibility of the 
removable back panel and a stable and fixed front panel.

 ❚  Perforation: The side of the case has a special perforation for the cooling fan.
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 “While flexible enclosure solutions can be applied in 
virtually any industry, manufacturers of sensitive electronics 

especially appreciate flexibility. For example, critical  
electronics – such as two-way satellite time and frequency 

transfer modems – need an enclosure solution to effectively 
protect and cool the components to ensure  

continuous operation ...  To provide the necessary cooling 
capabilities, the enclosure should also offer built-in EMC 

protection, eliminating the risk of interference  
without added effort or cost.”
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When the Apple Computer, IBM, Motorola  
(AIM) alliance formed in the early 1990s, 
it appeared that the Power Architecture 
had emerged as a formidable RISC archi-
tecture that made a case in nearly every 
walk of computing. However, after being 
used in Apple’s Macintosh desktop offer-
ings for more than a decade, popular 
gaming consoles such as the Xbox 360, 
and enterprise-class servers and main-
frames, the Power Architecture suddenly 
fell out of favor. But why?

There are many possible explanations 
(and much speculation) as to why Apple 
dropped PowerPC and gaming plat-
forms decided to part ways with Cell 
processors, but continual performance 

advances from Intel and others certainly 
didn’t help. And, although a number 
of vendors were producing compatible 
PowerPC processors, no one ever took 
the lead on the “next big splash” and 
the Power Architecture eventually fell 
behind, says Flemming Christensen, 
CEO at Sundance Multiprocessor 
Technology, Ltd. in Buckinghamshire, UK 
(www.sundance.com).

“I honestly believe that the PowerPC has 
seen its best days and it will go the same 
ways as MIPS and the rest of the RISC 
architectures,” Christensen argues. “The 
PowerPC itself is a better processor, it’s 
a better architecture, it performs faster 
than an Intel processor, and it’s got all 

sorts of good things behind it, which you 
could see in the fact that Apple picked 
it as a successor when they used the 
[Motorola] 68040,” says Christensen. 
“But Intel just has this magic wand that 
they keep making things go faster and 
faster and faster. That’s why Apple even-
tually gave up on PowerPC, and then the 
game consoles gave up on PowerPC, 
as did typical embedded. What’s hap-
pening in the aerospace environment is 
that PowerPC has more or less lost out 
as well, and people are using things like 
LEON – an open type of CPU, although 
still RISC architecture. 

“When Apple gave up [on PowerPC] 
that was a massive, massive blow,” he 

Once championed by Apple desktops, consumer gaming consoles, network servers, 

and aerospace and defense applications alike, the Power Architecture – while still strong 

in niche applications like Unmanned Aircraft Systems (UASs) – is not the dominant force it 

once was. Now, low-power requirements are forcing embedded computing engineers to turn 

toward ARM-based Systems-on-Chip (SoCs) with integrated FPGAs for compute-intensive 

applications, and x86-based CPUs for general-purpose housekeeping.

Where art thou, PowerPC?
By Brandon Lewis, Assistant Managing Editor

PROCESSOR ARCHITECTURE POWER ARCHITECTURE
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continues. “They didn’t lose a massive 
customer in terms of volume, but they 
lost their most prestigious one. There 
was a good reason for Apple to use a 
PowerPC because it was the best and 
[Apple] had been known for always 
doing the best – then they gave up on 
it. And eventually the games console 
people gave up on the Cell proces-
sors, and so they lost their volume and 
the prestigious customer, which left 
them with possibly putting them on the 
servers, but everybody wants to do a 
server chip.” 

Where Power fell short, and the 
ARM alternative
Despite the marketing ramifications of 
losing a customer like Apple, the Power 
Architecture also faced competition 
from computing advances such as mul-
tiprocessing and integrated graphics, 
Christensen says. Today developers are 
turning to ARM-based Systems-on-Chip 
(SoCs) for the programming and control 
functionality the Power Architecture 
afforded when integrating FPGAs onto 
Small Form Factor (SFF) boards, he adds.

“There were some problems with  getting  
some graphics into [PowerPC] as well, 
so obviously with Intel integrating 
the graphics processing it took a little 
while before the PowerPC could do 
that,” Christensen says. “The other thing 
that happened is that PowerPC was not 
very good at multiprocessing, so the 
four-core processors – from Freescale 
effectively, because IBM doesn’t pro-
duce any commercial chips anymore – 
didn’t really work as well as an Intel 
 processor, and Freescale jumped into 
the ARM race and added a single-, dual-, 
and quad-core ARM-based processor, 
which I think is so much better-suited for 
SFFs because it’s lower power and it’s 
used by millions and millions of people 
(Figure 1).

“We used PowerPC mainly with FPGAs 
because they were so damn conve-
niently built into the FPGA fabric,” he 
explains. “We had them as part of an 
FPGA, which really makes sense because 
you can program the FPGA from within 
or from a processor, and then Xilinx gave 
up on it as well: actually at Xilinx they 
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Figure 1 | The Freescale i.MX 6 series processors are available in compatible 
SoloLite, Solo, DualLite, Dual, and Quad variants based on the ARM Cortex-A9 core, 
well-suited for Small Form Factor (SFF) board development.
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controllers

Red indicates change from column to the left
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the fabric as fast and the processor is in 
charge. It’s a highly integrated solution.

“Now ARM processors are actually 
becoming more like Intel processors, 
Christensen says. “So on an ARM inte-
grated processor now you’ve got USB; 
you’ve got SATA; all these interfaces 
that were normally found on an Intel pro-
cessor, you’ve got them as default now 
whereas five years ago you didn’t have 

had a 4- and an 8-core PowerPC on their Virtex roadmap, but they never made them 
and only made the dual-core PowerPC.

“We will be using the Zynq at some point because it’s a nice thing to have a processor 
core inside an FPGA because you can get it going,” Christensen continues (Figure 2). 
“The ARM inside Altera and Xilinx is meant to program, and then you have some 
fabric as well. That’s how I looked at it when we came out with our PowerPC-based 
FPGA boards – you can actually use the PowerPC as your processor board and your 
fabric for your high-performance stuff and all of your interfaces and not have to have 
an Intel processor. That hasn’t happened. Everyone ended up using an Intel processor 
as the CPU and the FPGA as an FPGA, and forgetting the PowerPC because there 
wasn’t really a benefit at the time. And with the PowerPC tools from Xilinx you have to 
use Wind River Systems initially, and it costs you about $20,000 to buy the PowerPC 
compilers and yet you can get them for only $99 for Intel processors.”

Evolving ARM I/O opens doors into PC/104
While ARM-based SoCs have traditionally lacked the I/O necessary to power x86-centric  
SFF boards, evolutions in the processor architecture have mirrored Intel interfaces 
to be able to support newer SFF variants such as PCIe/104 and PCI/104-Express. 
Christensen says he hopes this will enable highly integrated, controllable Digital Signal 
Processing (DSP) boards that catch on better than similar efforts using PowerPC.

“Longer term, our PC/104 platform will be using ARM and fabric, and it will hopefully 
do what we failed to do with the PowerPC three or four years ago when we introduced 
those: have a single board that will have a processor, which in this case was a dual-
core PowerPC and will be a dual ARM Cortex-A9 core that will do all the low-level 
housekeeping stuff and have a big piece of fabric that will do all the various high-level 
DSP. With the Xilinx Zynq and the Altera Cyclones, you can save power by not running 

Figure 2 | The Xilinx Zynq-7000 All 
Programmable Systems-on-Chip 
(SoCs) combine the software flexibility  
of a dual ARM Cortex-A9 MPCore 
with the hardware programmability 
of Xilinx 7 series FPGAs.

PROCESSOR ARCHITECTURE: POWER ARCHITECTURE
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Computer system design for critical 
applications
By Sealevel Systems, Inc.

“Industrial computer” is a widely used term that unfortunately 
can be quite ambiguous, often applied to computers that have 
little real advantage over commercial PCs but may outwardly 
appear “rugged.” Before you select a vendor for your next 
industrial computer design, carefully consider the factors that 
affect system performance, reliability, and longevity. Paying 
special attention to heat management, component selection, 
testing, and other factors described in this white paper will 
greatly increase the success of your next project.
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those things. So all the ARM processors 
now are like SoCs. Freescale has come 
out with these i.MX 6 CPUs, which are 
lovely because they’ve got five varia-
tions of the same footprint-compatible 
device with either one core, two cores, 
or four cores. All the peripherals are 
the same as you’ll find on an Intel Atom 
or Core i7, and hence they all fit nicely 
onto PC/104. You don’t need the legacy 
PC/104 bus anymore with the old ISA 
and PC/104 buses that are very, very 
centric around Intel processors, and the 
PCIe/104 and PCI/104-Express can be 
plugged into anything.”

Niche applications remain open 
for RISC
Though the Power Architecture may no 
longer be poised for widespread use 
in many upcoming embedded deploy-
ments, RISC architectures are still desir-
able in a number of niche applications 
that require more control over low-level 
instruction sets, says Christensen. For 
sensitive applications such as Unmanned 
Aircraft Systems (UASs), these and other 
types of compute elements are critical 
to balancing performance and power 

limitations (Sidebar “Heterogeneous 
architectures for UAS applications”).

“We’re doing a European research 
project called EMC2, which is a massive 
multichannel, multicore consortium,” 
Christensen says (www.emc2-project.
eu). “One of the chaps we were doing 
low-level processing work with said ‘I 
don’t want an ARM, I don’t want an Intel 
processor, I want something that I can 
go change instruction sets of.’ I asked 
him why that is, and he said, ‘I need to 
optimize something, and the only way I 
can optimize it is by actually optimizing 
the instruction set of the processors, and 

you can’t do that with Intel and you can’t 
do that with an ARM either.’ 

“There will be peripheral processors – 
LEON, OpenRISC, and a few similar 
processors – that are open core but can 
go onto an FPGA fabric,” Christensen 
continues. “So they are looking at put-
ting loads of effectively specialized 
small processors on a board because it 
suits them and they can run at whatever 
speed they want to, which you can’t do 
with an ARM. So, when you buy your 
ARM, you buy an ARM. That’s it. You are 
forced to choose compatibility. Same 
with Intel.”    

“... on an ARM integrated processor now you’ve 

got USB; you’ve got SATA; all these interfaces 

that were normally found on an Intel processor, 

you’ve got them as default now whereas five years 

ago you didn’t have those things.”

POWER CONSTRAINTS SUGGEST HETEROGENEOUS  
ARCHITECTURES FOR UAS APPLICATIONS

One constant struggle in resource-constrained embedded platforms such 
as Unmanned Aircraft Systems (UASs) is balancing performance needs with 
power limitations. Particularly for smaller UAS classes that perform Intelligence, 
Surveillance, and Reconnaissance (ISR) missions, the power drain of high-per-
formance FPGA processing can cause serious reductions in flight duration, says 
Flemming Christensen, CEO at Sundance Multiprocessor Technology, Ltd. in 
Buckinghamshire, UK (www.sundance.com).

“As in the past, FPGA processing takes too much power,” Christensen explains. 
“You lose so much flight time because you have to spend so much energy on the 
FPGAs. What you have to do is come up with possible heterogeneous architec-
tures where you have a way to control what is required. So when it’s just flying 
and doing nothing, everything else needs to be shut down somehow. That almost 
requires a custom chip.”

Citing the need for a scalable, low-cost processing solution, Christensen points to the Aircraft for Rhino and Environmental Defense 
(AREND) project, an environmental conservation team interested in using UASs to protect African wildlife (www.facebook.com/
teamAREND). For platforms such as the Hyperion 2.1 shown in Figure 1, a heterogeneous architecture capable of cycling on and off 
would be a key enabler of mission success. 

“If we could just make ASICs a bit cheaper, that would be fantastic,” Christensen says. “When you’ve got these FPGAs flying around, 
no matter what they do they take 20 W, and it’s a lot. So if you could have a heterogeneous platform where you could say, ‘okay, I’m 
now in flight mode, I’m doing nothing, I’m going to coordinate XYZ, then wake up again,’ then you will have some power savings. It’s 
not for Sundance to get involved in designing chips, but that’s effectively what should be done with chip designs that are suitable 
for UASs.”

Figure 1 | Team AREND is using  
the Hyperion 2.1 as a baseline development 
model for an Unmanned Aircraft System 
(UAS) that will be used to combat African 
poachers. This system will require a 
heterogeneous processing platform to 
maximize performance and power usage.
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NEW PRODUCTS
New Products

Rugged Atom-based embedded computers
Engineers at WinSystems have designed a new product line – the SBC35-CC405 series – 
of multicore Intel Atom E3800-based embedded computers that will operate from -40 ºC 
to +85 ºC in a 3.5-inch SBC format COM Express carrier. The processor is integrated 
via a Type 6 COM Express module that supports a quad-core, dual-core, or single-core 
processor and includes as much as 8 GB of DDR3L SDRAM. The Intel Atom E3800 family’s 
enhancements include computational performance improvement, greater energy efficiency, 
better power management, enhanced virtualization, and improved security – all while 

maintaining a low Thermal Design Power (TDP) range of 5-10 W. The Intel Generation 7-based graphics engine supports up to two 
simultaneously active displays with interfaces available for analog VGA, DisplayPort 1.1, and LVDS connections.

The embedded PC series has onboard Gigabit Ethernet, USB, serial ports, and additional I/O expansion through MiniPCIe and IO60 connectors. 
Its rugged platform base, which protects the PCB assembly, is enabled by a low-profile thermal solution. For networking and communications, 
the SBC35-CC405 has two Intel I210 Gigabit Ethernet controllers with IEEE 1588 time stamping and 10/100/1000 Mb/s multi-speed 
operation. The SBC35-CC405 operates over an input power range from 10-50 V DC. Enclosures, power supplies, and configuration services 
are also available. WinSystems provides drivers for Linux and Windows 7/8 as well as pre-configured embedded operating systems. 

WinSystems, Inc. | www.winsystems.com | smallformfactors.opensystemsmedia.com/p9917320

Enhanced processor architecture enables better real-time responsiveness and 
power efficiency
The Expanded i.MX 6 architecture from Freescale Semiconductor leverages ARM Cortex-A9 and Cortex-M4 
technology to enable systems designers to run user interfaces without sacrificing real-time responsiveness 
or power efficiency. It is targeted at the consumer, industrial, and automotive infotainment markets. The i.MX 6 
series applications processor is a heterogeneous applications processor design that provides additional  
low-power modes to reduce standby power consumption, enable smaller form factor design, and execute fast, 
real-time responsiveness to system inputs.

The i.MX 6Quad family has a quad-core platform running as fast as 1.2 GHz with 1 MB of L2 cache and 64-bit 
DDR3 or 2-ch., 32-bit LPDDR2 support. Additional features include: dual-port gigabit Ethernet audio video 

bridging; a 2D and 3D Graphics Processing Unit (GPU) for enhanced HMI development; and flexible boot options. The family of processors also 
use Freescale PF100 power-management units and can handle an industrial temperature range of -40 ºC to +105 ºC. The security aspect 
supports cryptographic cipher engines, High Assurance Boot, tamper detection, and random number generator. Software support includes 
Android and Linux for the Cortex-A9 processor, the MQX OS for the Cortex-M4 processor, and the ARM community of support. 

Freescale Semiconductor, Inc. | www.freescale.com | smallformfactors.opensystemsmedia.com/p9917319

Small form factor computer for extreme environments
The NanoPAK small form factor computer, produced by Themis Computer, leverages 
the Intel Core i7 processor and is targeted for rugged commercial and military field 
applications. It integrates an Intel 3rd generation Core i7 (Ivy Bridge) processor with 
flash storage in a small, light footprint for more efficient size, weight, power, and cooling. 
Military applications for these devices include real-time control, data recording, small 
storage and communications systems, and mobile robotics in various unmanned vehicles, 
ground vehicles, man-wearable, shipboard, and other extreme environment platforms.

The NanoPAK computer has a hardened-aluminum air-cooled chassis for surviving harsh 
environmental conditions. All standard PC interfaces are available for the device; additional interfaces include discretes. All of its I/O and 
power come through the 100-pin Micro D-Sub connector on the front of the module and two USB 3.0 connectors on the rear of the module. 
The .77-Kg Themis device has Linux or Microsoft Windows Local or Network PXE boot, as much as 8 GB system memory, and an air-cooled 
ambient temperature of -40 ºC to +71 ºC. Its mechanical dimensions are (W x H x D): 133 mm x 93 mm x 37 mm (which includes fan 
assembly). It also meets MIL-STD-810G. 

Themis Computer | www.themis.com | smallformfactors.opensystemsmedia.com/p9917308
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