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The Challenge

Small form factor board have enabled system designers to locate more processing
power closer and in some cases right at the point of process enabling their
applications to perform at higher level of functionality.

Currently there many small form factor board manufacturers, of which only a few
offer a complete system (Power, Packaging and cooling).

This |l eaves It up to systemOés designers
selection, manufacturing, compliance testing and long term service that is associated
with deploying a small form factor board for the application.

When deploying into a non-office environment it become especially challenging for
the system designer to successfully meet all the program goals if they do not have
the before mentioned expertise in house.

This seminar will go through the electronic packaging design process that the
systems designers should take into account when considering the deployment of a
small form factor board in a harsh environment along with design and manufacturing
outsourcing options.
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What are Small Form Factor Boards?

AThey have all of the features and
capabilities of the ATX motherboard bul
are smaller

A ATX 305 mm x 244 mm (common in a
desktop machine)

AMicro-ATX 244 mm x244 mm
AMini-ITX 170 mm x 170 mm
AEPIC 165 mm x 115 mm
ANano-ITX 120 mm x 120 mm

A COM Express 125 mm x 95 mm
APico-ITX 100 mm x 72 mm

APC/104 (-Plus) 96 mm x 90 mm

EPIC SFF with Core 2 Duo

. sk =i
- 3D - dab
‘fou may use these graphics provided the
WhichSBC loge and detals reman in place

Infermation provided by www.whichsbe.com

COM Express
(ETX Express)

"Extended"

wwvw whichsbe . com

ETX & XTX

A Mobile-itx 75 mm x 45 mm
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Deployed Harsh Environment

Some of the non-office environment that Small Form Factor Boards are being
deployed into include:

U Transportation (Locomotives, Lite Rails, Heavy Equipment)
U Oceanographic/Marine/Drilling Platforms

U Natural Resource Exploration and Mining

u Utilities energy sources, (Wind, Solar, Nuclear, Green)

U Factory Automation

U Home Land Security

U Instrumentation

U University/R&D/Think Tanks (Particle Accelerators, transportation infrastructure
sensors etc)
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What to consider when designing for a harsh environment

Generate a set of requirements based on the applications desired functionality and deployed
environment that include:

U Mechanical packaging material selection and structural design (Shock, Vib and IP rating)
U Thermal management design (Forced Air Cooled, Conduction, Liquid etc?)

u Small Form Factor Board selection (Embedded, Size, Manufacturer, Processor, 1/0
memory, mezzanine 1/O etc.)

u Power supply, power conditioning and filtering

U Cables, harness and I/0O connectors selection and interconnection methodology.
U Design verification and system validation testing

U Compliance testing and agency certification

U Supply Chain Management Solutions

U Proto type and production manufacturing

U Business Model, Target Cost, number of units
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System Performance Requirements Drive SFF Board Selection

System Performance and Features:
ABandwidth needed for the application software to run:
A Processor speed and type
A Memory size
A Embedded Components for long program life
Al/O requirements (USB, LAN, Serial, KVM, Power other)
APeripheral Boards (PC104, PMCs, AMC)

AAvailable input power (ATX power, just 12VDC with on board conversion)

ASpace Constraints
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Which SFF Board fits the space, performance, power and
/O needs?

Largest

Mini ITX

o Core 2 Duo
AMini-ITX 170 mm x 170 mm

30W - 50W

AEPIC (Express) 165 mm x 115
mm

ANano-ITX 120 mm x 120 mm

APico-ITX 100 mm x 72 mm

Atom

AMobile-itx 75 mm x 45 mm Mobile ITX HSW_ 15W

Smallest !
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Environment Drives Enclosure Requirements

Characterize the deployed environment in terms of:
Shock and vibration:
A Mil Spec 810 and 9017?
Temperature ranges:
A Operational
A Transits
A Storage
Ambient Dust, Humidity and liquids:
ADrives Enclosure Cooling Method
AWhat IP rating?
Available power:
A AC or DC or both?
Als redundancy and battery backup need
Agency Compliance:
AEMI RFI FCCA, FCCB?
AUL, CE and others to what level?
ARoOHS
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IP (NEMA) RATINGS CHART IEC 60529

No protection

No protection

Protected against solids objects
over 50mm (e.g. accidental
touch by hands

Protected against vertically falling
drops of water

Protected against solids objects
over 12mm (e.g. fingers)

Protected against direct sprays up
to 15° from the vertical

Protected against solids objects
over 2.5mm (e.g. tools and
wires)

Protected against direct sprays up
to 60° from the vertical

Protected against solids objects
over 1mm (e.g. tools, wires
and small wires

Protected against sprays from all
directions - limited ingress
permitted

Protected against dust - limited
ingress (no harmful deposit)

Protected against low pressure jets
if water from all directions -
limited ingress permitted

Totally protected against dust

Protected against strong jets of
water e.g. for use on
shipdecks - limited ingress
permitted

Protected against the effects of
temporary immersion
between 15cm and 1m.
Duration of test 30 minutes

Protected against long periods of
immersion under pressure
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Military Spec Compliance shock and vibration

A MIL-S-901D is the specification governing the shock testing machinery,
equipment, systems and structures.

A MIL-S-167 Mechanical Vibrations

A MIL-S-810F is the latest governing standard for environmental
engineering and testing pertaining to storage, shipping/ transportation
and mission use of military hardware.

10
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Air Cooled

Allows use of Leading edge
commercial SFF and other
components at lowest cost

IP Rating of 11 to 51

Typically the most flexible in
component selection resulting
in the shortest lead time 6 to 8
weeks for the delivery of a
custom design chassis

Typically Front to back

11
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Conduction Cooled

12
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Conduction Cooled

Limited by physics

Surface area/ profile critical

Allows for smaller packaging profile

Requires Extended Temperature range SFF Boards that have to be
modified to be conduction cooled

13
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Conduction Cooled

This is a case were an air-cooled card was modified with a heat spreader
for use in a conduction cooled enclosure

14
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Conduction Cooled

This is a case were an air-cooled card was modified with a heat spreader
for use in a conduction cooled enclosure
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Conduction Cooled

This is a case were an air-cooled card was modified with a heat spreader
for use in a conduction cooled enclosure

16




SIe

Deploying Small Form Factor Boards in Harsh Environmefisurine soLutions o e =

Air Assisted Conduction Cooled

17



SIe

Deploying Small Form Factor Boards in Harsh Environmefisurine soLutions o e =

Air Assisted Conduction Cooled

Increased thermal performance over

traditional radiated designs

Bridges the gap between radiated and

liquid cooling

Requires additional room in the rear or front of the chassis to
accommodate a cooling fan or duct.

Typically requires a machined dip brazed design

18
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Re-Circulating Cooling

19
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Re-Circulating Cooling

Combines air and radiated cooling

In one chassis

Provides sealed environment for commercial grade air cooled SFF
Boards

Is an option when conduction cooled SFF Boards are not available or to
control overall system costs

20
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Re-Circulating Cooling

21
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Re-Circulating Cooling

22
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Liquid Cooled

Last line of defense in cooling - over 300% increase over
conduction cooled enclosure

Cools up to 1000 watts in an enclosure the size of a 2 slice
toaster

Requires liquid to be provided in deployed location or
requires an additional heat rejection unit.

Averages two to three times the cost over conduction cooling
solutions

23
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What capabilities to look for when outsourcing engineering

Electrical Design
ASystem Control and Monitoring Hardware

ABackplane design, cable and interconnect
Al/O design

A Storage systems

A Custom power supplies and distribution systems
AEMI/RFI

ASignal Integrity - Backplanes

A System Management - SMNP / IPMI
A System Architecture

ADesign for Global/Industry compliance
AConnectivity i Cables and Harnesses
Software Design

A System Control and Monitoring Programming and
Configuration

24



SIe

Deploying Small Form Factor Boards in Harsh Environmefisurine soLutions o e =

What capabilities to look for when outsourcing engineering

Mechanical Design

AEnclosure design

AThermal Management i Cooling
AStructural i Mechanical Design
AThermal Simulations and testing
AEMI and RFI

ALow MTTR & High MTBF

AOutdoor and harsh environment
packaging

ACE, UL, CSA, VDE, IEC and FCC
agency certifications
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Thermal Analysis

¢. The CFD Thermal Model uses a simplified mechanical model that
IS derived from the actual enclosure CAD Model.

¢, The model also uses the fans actual load (P&Q) curves along
with the back pressures that are contributed by the intake,

exhaust and filters.
¢ Airflow at any location within the model can be evaluated. i.e.
Airflow across the CPU Heat Sink or the entire card slot.
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Thermal Analysis
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