SPACEVPX (VITA 78) AND
THE WORLD OF INTERCONNECT

by: C. Patrick Collier, founder, SpaceVPX, and Michael Walmsley, global product

manager, TE Connectivity

For decades, open systems architectures and open standards have
helped accelerate innovation to end users in aerospace and defense
applications through the development of interfaces that are open,
key, and well-defined. Today, space system designers and
developers are truly embracing the SpaceVPX (VITA 78) standard,
which leverages the OpenVPX (VITA 65.0) architecture through its
slot profile and module profile level building blocks, which create
interconnect solutions based on the user’s need.

Explore the basics of SpaceVPX with the designers of the VPX and
SpaceVPX interconnect. Learn about the standard’s origin, the
advantages of SpaceVPX vs. OpenVPX, recent changes to the
standard and the importance of standard interconnects which drive
down cost, results in a more robust supply chain, and maintains a
path for future expansion.

What is SpaceVPX?

SpaceVPX is a standard for creating plug-in cards (PICs) from its
slot profile and module (protocol) profiles. In turn, these building
blocks create interconnected subsystems and systems. Developed
under the auspices of The Next Generation Space Interconnect
Standard (NGSIS), it is the result of a government-Industry
collaboration. The primary goal of SpaceVPX is to cost-effectively
remove bandwidth as a constraint for future space systems.

SpaceVPX is based on the VITA (VMEbus International Trade
Association) OpenVPX standard with enhancements that extend the
standard for space applications.

The NGSIS team selected the OpenVPX standard family as the
physical baseline for the new SpaceVPX standard because VPX
supports both 3U and 6U form factors with ruggedized and
conduction-cooled features suitable for wuse in extreme
environments. The infrastructure of OpenVPX also allows for
prototyping and testing SpaceVPX on the ground.

SpaceVPX is built upon several standards, some of which are part
of the American National Standards Institute (ANSI)/VITA and
European Cooperation for Space Standardization (ECSS) OpenVPX
family:

e VITA 46 VPX and its ANSI/VITA 65.0 OpenVPX derivative
— baseline standard

e ANSI/VITA 60 and ANSI/VITA 63 — compatible connectors
e ANSI/VITA 48.2[3] — mechanical extensions
o ANSI/VITA 62 — standardized power module

e ANSI/VITA 66 and 67 — replacement of electrical segments
with RF or optical solutions

e ANSI/VITA 46.11[4] — management protocol, the basis for
fault-tolerant management of the SpaceVPX system

e ECSS - SpaceWire standard
e ECSS - Remote Memory Access Protocol (RMAP)
e ECSS - SpaceFibre standard

e Gigabit Ethernet

What is OpenVPX?

OpenVPX is a defined set of system implementations within VPX
that specifies a set of system architectures. OpenVPX organizes
connections in four major interconnect planes — data, control,
utility, and expansion.

Data Plane
The data plane incorporates high-speed multigigabit fabric
connections between modules to carry payload and mission data.

Control Plane

The control plane, also a fabric connection, typically has less
capacity and is used for configuration, setup, diagnostics, and other
operational control functions within the payload and for lower-
speed data transfers.

Utility Plane

The utility plane provides setup and control of basic module
functions for power sequencing, low-level diagnostics, clocks, and
other base signals needed for system operation.
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Expansion Plane

The expansion plane may be used as a separate connection
between modules using similar interfaces or to bridge heritage
interfaces in a more limited topology such as a bus or ring.

Pins not defined as part of any of these planes are typically user-
defined and are available for pass-through from daughter or
mezzanine cards, or to rear ftransition modules (RTM). For
maximum module reuse, the user-defined pins should be
configurable so as not to interfere with modules that use the same
pins in a different way. Consult ANSI/VITA 65.0 for more detail.

The Limitations of OpenVPX for Space
Applications

An evaluation of OpenVPX for space usage revealed several
shortcomings. The key limitation was the lack of features available
to support a full, single-fault-tolerant, highly reliable configuration.
Utility signals were bused and, in most cases, supported only one
set of signals via signal pins to a module. As a result, a pure
OpenVPX system has opportunities for multiple failures.
Additionally, a full management-control mechanism was not fully
defined with VITA 46.11.

From a protocol perspective, SpaceWire is the dominant medium-
speed data and control plane interface for most spacecraft, yet the
typical OpenVPX control planes are peripheral component
interconnect express (PCle) or Ethernet which are not generally
used in space applications. (Note: Gigabit Ethernet was added to
the 2022 revision of the SpaceVPX standard.

SpaceVPX Mission: Fault Tolerance

The goal of SpaceVPX is to achieve an acceptable level of fault
tolerance, while maintaining a reasonable level of compatibility
with existing OpenVPX components including connector-pin
assignments for the board and the backplane (Figure 1.).
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Primary Redundant

[Figure 1| The goal of SpaceVPX is to achieve an acceptable level of
fault tolerance by way of redundancy and switching. lllustration: VITA.]

For the purposes of fault tolerance, a module (defined as a printed
wire assembly which conforms to defined mechanical and electrical
specifications) is considered the minimum redundancy element, or
the minimum fault containment region. The utility plane and control
plane within SpaceVPX are all distributed redundantly and are
arranged in star topologies, dual-star topologies, partial-mesh
topologies or full-mesh topologies to provide fault tolerance to the
entire system.

To meet the desired level of fault tolerance, the utility plane signals
must be dual-redundant and switched to each SpaceVPX card
function.

A trade study, conducted in 2010 through a government and
industry collaboration with the support of the SpaceVPX Working
Group, compared various implementations including adding the
switching to each card in various ways and creating a unique
switching card. The latter approach was selected so SpaceVPX
cards can each receive the same utility plane signals that an
OpenVPX card receives with minor adjustments for any changes in
topology. This became known as the Space Utility Management
module (SpaceUM), a major foundation of the SpaceVPX standard.

A 6U SpaceUM module contains up to eight sets of power and
signal switches to support eight SpaceVPX payload modules — the
3U version of the SpaceUM can support up to five. It receives one
power bus from each of two power supplies and one set of utility
plane signals from each of two system controller functions required
in the SpaceVPX backplane. The various parts of the SpaceUM
module do not require their own redundancy. They are considered
extensions of the power supply, system controller and other
SpaceVPX modules for reliability calculation.

Profiles for Space Defined

Each slot, module and backplane profile in OpenVPX is fully
defined and interlinked. Adapting these profiles for use in space
requires specification of a SpaceVPX version of each profile.

Slot Profile

A slot profile provides a physical mapping of data ports onto a slot’s
backplane connector, which is agnostic to the type of protocol used
to convey data from the slot to the backplane.

Module and Backplane Profiles

Module profiles are extensions of their accompanying slot profiles
which enable mapping of protocols to each module port. A module
profile includes information on thermal, power and mechanical
requirements for each module. Some module profiles for
SpaceVPX are similar to OpenVPX which enables use of OpenVPX
modules and backplanes for prototyping or testing on the ground.
However, most module profiles for space applications are
significantly different from profiles for ground applications so full
specifications consistent with SpaceVPX are required. The section
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of the SpaceVPX standard that defines these profiles forms a
majority of the standard.

Standardized SpaceVPX Interconnects

Interconnects are one more critical part of SpaceVPX. As with other
elements of the standard, they are based on interconnects
developed for OpenVPX, but designed for the extreme space
environment.

Problematic temperatures, vibration, outgassing and other factors
can catastrophically compromise interconnect systems as well as
signal and power integrity. For decades, designers for space
applications have relied on customized interconnect designs to
ensure the reliability of embedded electronics exposed to the
extremes of space. The high cost and long lead times of a custom
interconnect solution were once considered a worthwhile
investment against failures that are extremely costly or impossible
to fix in space.

Today, the use of standard interconnects drives down cost,
improves availability and maintains a path for future expansion.

By leveraging the OpenVPX architecture, SpaceVPX brings in the
interconnect solutions which are defined in VITA standards and
have gone through extensive testing to support their use in space.

The SpaceVPX slot profiles define the use of VPX connectors
(VITA 46 or alternate VPX connectors) and enable implementation
of RF (VITA 67) and optical (VITA 66) modules at the plug-in
module to backplane interface. Power supplies follow the VITA 62
standard, which also defines the power supply connector interface.
For XMC mezzanine cards in plug-in modules, XMC 2.0 connectors
per VITA 61 are recommended. Rather than defining new
connectors with special characteristics, SpaceVPX slot profiles
reference the appropriate VITA connector standards that support
the OpenVPX architecture.

VITA 46 VPX Connectors

The VITA 46 VPX connector is the original VPX interconnect. It is
based on TE Connectivity’s (TE) MULTIGIG RT 2 connector which
was released in the VITA 46 standard in 2006.

The MULTIGIG RT connector family
gives  designers an  easy-to-
implement, modular, standardized
and cost-effective interconnect
system that helps ensure the reliability
of their embedded-computing
applications for space systems.

MULTIGIG RT connectors have gone through extensive testing by
TE to establish suitability for space, including:

o Compliant (press-fit) pin technology
Testing has been performed at min-max board hole sizes
and different printed circuit board (PCB) platings to verify
the reliability of the compliant pin designs. Today, numerous
space applications use compliant pin technology (as
compared to ftraditional soldered connections), and
implementation is increasing.

e Vibration

The VITA 72 study group was formed to address extreme
vibration applications. The group devised a vibration test
that subjected a 6U VPX test unit to random vibration levels
of 0.2 g2/Hz for 12 hours, a severe requirement compared
to the original VPX standard. TE's MULTIGIG RT 2-R
connector — featuring an enhanced quad-redundant
backplane connector contact system and rugged guide
hardware — tested successfully as part of this effort and has
been used in highly rugged applications since 2013.

o Extreme temperature

MULTIGIG connectors were subjected to a temperature
range of -55 “C to +105 “C when initially qualified for VPX in
2006, which met the VITA 47 standard for plug-in modules.
In direct response to requirements from space-systems
developers, MULTIGIG RT connectors have since been
tested and survived -55 °C to +125 °C, including exposure
to 1,000 hours of heat at 125 °C and 100 thermal shock
cycles from -55 °C to +125 °C.

e Outgassing

Unlike heavy polymer plug-in module connectors used in
conventional backplane connector designs, MULTIGIG RT
connectors incorporate air gaps, so less polymer is
required. The polymer reduction reduces weight and
decreases outgassing. With MULTIGIG RT connector
materials, total mass loss (TML) is less than 1% and
collected volatile condensable materials (CVCM) is less
than 0.01%, which meets NASA and European Space
Agency (ESA) outgassing requirements.

e Current capacity

When VITA 78 was developed, there was a need for VPX
connectors to support new pinouts (not defined in VITA 46)
to support the requirements for redundant power distribution
and redundant management distribution. TE completed
extensive testing for current carrying capability on multiple
adjacent MULTIGIG power wafers  within  plug-in
module connectors and also released new wafer
configurations to support the VITA78 Space Ultility
Management module architecture.

Most space system designers use MULTIGIG RT connectors to
meet their requirements with no physical change to the design or
materials and finishes. If minimal changes are required (e.g., higher
lead content [40%] in the contact tails is specified for increased tin-
whisker mitigation), additional screening tests are required based

TE Connectivity / SpaceVPX (VITA 78) and the World of Interconnect

Page 3


https://www.te.com/usa-en/products/connectors/intersection/high-speed-solutions.html?tab=pgp-story
https://www.te.com/usa-en/search.html?q=MULTIGIG%2BRT%2B2%2Bconnector&source=header
https://www.te.com/global-en/plp/multigig-rt-2-r/X26ga.html
https://www.te.com/global-en/plp/multigig-rt-2-r/X26ga.html
https://www.te.com/global-en/products/connectors/intersection/high-speed-solutions.html?tab=pgp-story

SpaceVPX (VITA 78) and the World of Interconnect

on the user or program requirements, but the connector-
manufacturing processes are relatively the same which helps
improve cost and availability.

RF and Optical Modules

RF and optical connector modules can be integrated within an
OpenVPX slot to carry signals through the backplane to/from the
plug-in module. These connector modules are mounted to the
boards (including standard aperture cutouts on the backplane) to
house multiple coaxial contacts or optical fibers. They can replace
select VITA 46 connectors within a slot. These RF and optical
connector modules and contacts have been used in satellite
systems and are suitable for other applications in space.

VITA 67 is the base standard for RF modules. VITA 67.3 is used
for SpaceVPX architecture with apertures defined within specific
slot profiles for RF and optical connector modules. VITA 67.3 offers
coaxial contact solutions with the initial sub-miniature push-on
micro (SMPM) contacts as well as higher-density coaxial interfaces
NanoRF and switched-mode power supply (SMPS), which can
increase the contact density two to three times over SMPM. A new
revision to VITA 67.3 has begun to add 75 Ohm coaxial interfaces
to support higher speed video.

VITA 66 is the base standard for optical modules, with MT ferrules
as the primary optical interface between the plug-in module and
backplane. The apertures in SpaceVPX slot profiles accommodate
optical and hybrid RF/optical
connector modules meeting
the requirements of VITA
66.5. MT interfaces can be
specified for 12 or 24 fibers for
highest density.

XMC Connectors

XMC mezzanine cards can be implemented on SpaceVPX plug-in
modules to add I/0 and other features. VITA 61 XMC 2.0, the
standard based on TE’s Mezalok connector, is the recommended
XMC connector in the SpaceVPX standard. The Mezalok
connector features multiple points of contact per pin, supporting the

redundancy required for space applications. The connector meets
outgassing requirements and has been tested to extreme
environments — including 2000 thermal cycles from -55 °C to +125
°C with no solder joint failures.

The Future of SpaceVPX Interconnects

By leveraging the OpenVPX architecture, SpaceVPX can also
leverage the OpenVPX interconnect roadmap which addresses

solutions having faster speeds, higher density, smaller size, and
lighter weight. There is significant activity with new and revised
VITA standards to define technologies supporting next-generation
embedded computing.

Higher data rate MULTIGIG RT 3 connectors are available and
standardized in VITA 46.30 (compliant pin) and 46.31 (solder tail)
to support channels to 25-32 Gigabits per second, supporting 100G
Ethernet and PCI Gen 4 and 5. These can be incorporated in a
SpaceVPX slot replacing VITA 46.0 connectors.

The latest revision of the VITA 67.3 standard includes higher-
density RF interfaces NanoRF and SMPS, reducing size and
weight — both of which are critical for space systems — and
accommodating higher frequencies to 70 GHz. A new revision to
VITA 67.3 has begun to add 75 Ohm coaxial interfaces within a
connector module to support higher speed video protocols.

The VITA 66.5 standard will be released in 2022, documenting
higher-density optical interfaces, bringing up to three MT interfaces
into a half-module and enabling integration of a fixed edge-mount
transceiver. In addition, VITA 66.5 provides solutions with NanoRF
contacts and optical MTs integrated into a common connector
module, providing unprecedented density within an OpenVPX slot.

New VITA 62 power supply standards have addressed three-phase
power (VITA 62.1) and higher 270VDC input voltages (VITA 62.2).
New MULTIBEAM XLE connectors from TE with isolating fins
provide this upgrade for higher voltage levels while maintaining the
same VITA 62.0 interface.

Key Takeaways

e SpaceVPX is a set of standards for interconnects between
space system components developed to cost-effectively
remove bandwidth as a constraint for future space systems.

e The goal of SpaceVPX is to achieve an acceptable level of
fault tolerance while maintaining a reasonable level of
compatibility with existing OpenVPX components.

e SpaceVPX interconnect are based on interconnects
developed for OpenVPX, adapted for the extreme space
environment.

e TE connectors have gone through extensive testing to
establish suitability for space and have been used in
satellite systems and other space applications.

e New and revised VITA standards continue to define
technologies that support the next generation of embedded
computing while reducing costs, improving availability of
components, and maintaining a path for future expansion.
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