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The European Space Agency Hispasat 36W-1 geosynchronous satellite provides Europe, the

Canary Islands, and the Americas with fast multimedia services. These kinds of Iang—miésign,

high-orbit spacecraft require specialized radiation-hardened electronics components.

Radiation tolerance meets commercial space

The wave of commercially developed communications and remote-sensing satellites seeks to
balance costs, capability, size, weight, and power consumption in the latest new space designs.

By John Keller

Demand for access to space — for com-
munications, surveillance and recon-
naissance, remote sensing, internet
access, and space experimentation —
never has been higher than it is today,
and is expected to grow through the
foreseeable future. Satellites are under
construction ranging in size from soft-
balls to 18-wheel tractor-trailer rigs, as
potential sponsors ask for high perfor-

mance, relatively low costs, and quick
turnaround.

As this demand puts advanced elec-
tronics at a premium for space, there
still are environmental constants that
no one can change. Chief among these
is the radiation that occurs naturally in
space. Orbiting electronics must be able
to withstand bombardment of radioac-
tive particles at different levels, based
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on their intended orbits. This means
that today’s space electronics must be
high-performance, radiation tolerant,
and affordable.

Space electronics designers con-
front these challenges in a variety of
ways, ranging from exhaustive test-
ing, to enhancements and shielding,
to designing electronic parts from the
ground-up to function through space
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The 16-gigabyte 256Mx72 DDR3 module from 3D-Plus USA has
radiation hardening for orbital space missions.

radiation for long durations. Test experts have come up
with clever ways of screening commercial-grade electronics
to separate those that can stand up to the rigors of space
radiation, and those that can't.

While some semiconductor designers have found ways
to alter commercial electronics designs to boost their radi-
ation tolerance, there still are established integrated cir-
cuit manufacturers with long histories of designing special
radiation-hardened parts for the most demanding space
applications.

It all boils down to balancing requirements for electron-
ics performance, costs, mission durations, and the radia-
tion environment of chosen orbits. Low-Earth (LEQ) orbit,
for example, can be among the most benign space environ-
ments for radiation. High-altitude geosynchronous Earth
orbit (GEO), on the other hand, can be among the most
severe, High-altitude polar orbits can be the harshest radi-
ation environments of all.

Low-cost parts
One of the biggest applications drivers in today’s space elec-
tronics market is so-called “new space,” which describes
commercial endeavors to create large constellations of
inexpensive small satellites for uses like cell phone com-
munications and internet access. In this market cost is
king. In addition, requirements for resistance to orbital
radiation effects often can be relaxed because of relatively
short mission durations.

“Radiation hardened and radiation tolerant are two dif-
ferent things,” explains Jerry Festa, space product line man-
ager for the Curtiss-Wright Corp. Defense Solutions activity
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in Newtown, Pa. Radiation tolerant, which is the target of
most new space applications, represents using commercial
off-the-shelf (COTS) parts as a foundation, and screening or
enhancing these parts to survive the intended space orbit
and duration. Radiation tolerant also can involve shield-
ing sensitive components. “Radiation tolerant is an evolu-
tion from COTS parts and making them radiation tolerant,
and we have focused on that for the past nine or 10 years,”
Festa says.

Going with radiation-tolerant, rather than pure com-
mercial parts, in space applications has its price. Radia-
tion-tolerant parts typically cost about five times the cost
of the COTS parts on which they are based. Still, they are
far less expensive than radiation-hardened-by-designed
parts, which sometimes can be 100 times the price of pure
commercial parts.

“Cost is a factor, and some applications are willing to
live with less reliability, where it might be acceptable to
lose one percent of your data over a mission,” Festa says.
“There is room for both.”

New-space applications, in particular, are sensitive to
parts costs. “We are seeing with the small-satellite and new-
space markets a trend toward trying to qualify COTS com-
ponents due to their being less expensive than the full-up
rad-hard design,” says Malcolm Thomson, president and
general manager of Radiation Test Solutions Inc. in Colo-
rado Springs, Colo.

“This is driven by cost per kilogram, and reduced mis-
sion lengths,” Thomson says. “A lot of the new players are
launching LEO constellations with hundreds or thousands
of satellites with five-year mission lengths. That drives the
need for radiation tolerance that costs less. It's a simple mat-
ter of economics: if they could afford to build thousands of
satellites at millions of dollars each, they probably would
do that, but they can’t.”

The market for affordable radiation-tolerant parts is so
promising that even some of the industry’s longtime rad-
hard-by-design companies are plunging in. Enter Renesas
Electronics Corp. in Milpitas, Calif., which through acqui-
sitions assumes the legacy of rad-hard stalwarts Harris
Semiconductor and Intersil.

“We are continuing the convergence of compromise in
the interest of cost, and still meeting our reliability require-
ments,” says Josh Broline, director of marketing and applica-
tions at the Renesas manufacturing center in Palm Bay, Fla.
“We launched a low-cost radiation-tolerant plastic package
integrated circuit a few years ago. We are coming out with
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solutions that are in the middle, to give
some cost savings, yet still with the
reliability that space designers need.”

A key consideration for designing
affordable radiation-tolerant parts is
where to make the compromises, Bro-
line says. “We don't necessarily have
the NASA processor or FPGA [field-pro-
grammable gate array], but we have the
power management that has to power
those systems reliably. We need to have
robust solutions, and our engineers are
trying to figure that out.”

Test and enhancement

Among the approaches for producing
space electronics components that
blend affordability and capability is
screening and testing to uncover those
commercial-grade parts that can with-
stand space radiation on their own, as
well making some enhancements to
electronics that testing identifies as
already radiation tolerant.

“We are on the test side, and can
upscreen or do any value-add for the
customer,” says Marti McCurdy, owner
and CEO of Spirit Electronics in Phoe-
nix. “We offer a high-value proposition,
and only operate in the mil-aero sector.”

Sprit Electronics experts take their
direction from their customers, who
are trying to match anticipated operat-
ing environments, orbits, and mission
durations with the most appropriate
technologies. “We take a non-radia-
tion-hardened component, because
the customer doesn’t want to investin
that kind of a product,” McCurdy says.
“We do screening and qualification to
MIL-STD-883 Group E, and we do this
as a service and as an add-on to drive
our test floor.”

Matching technologies to oper-
ating environments is a core part of
their business. “We screen for applica-
tion-specific use,” McCurdy says. “We
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have somebody with launch equip-
ment, and their mission might be 10
minutes. They could have four times
the redundancy in parts, and still save
a lot of money. When we talk about
screening, it really is about how much
insurance do they want? We can cal-
culate the risks of 10 minutes of expo-
sure to space radiation.”

The radiation test industry also is see-
ing a transition from parts-level to sys-

TECHNOLOGY FLCUS

tems-level testing. “In the test world, we
are starting to move away from compo-
nent-level and into the systems world,”
McCurdy says. “The commercial world
hasbeenin this area for a few years now,
and the aerospace and defense market
is just getting there now.”

As far as their customer base is
concerned, McCurdy says demand for
space electronics appropriate for low-
Earth orbit is dominating, but needs for

=

Spirit Electronic tool kits, of the next generation Advantest Smart Scale ATE and hard-
ware solutions, enable comprehensive radiation testing.
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The future DARPA Blackjack satellite constellation seeks to capitalize on commercial space
developments to demonstrate military surveillance and communications capability.

higher levels of radiation tolerance for
higher orbits are not going away. “LEO is
captivating the market, but GEO is still
out there. There is a fine line between
customers doing radiation tolerance,
and the commercial companies put-
ting up a constellation of tens to hun-
dreds of satellites that are doing data
mining, It’s all about data collection.”

For some commercial space compa-
nies considering short-duration mis-
sions, the risk might be worth it to have
no radiation hardness or upscreening
at all. When every dollar and every
ounce of weight count, then using

GSI Technology's Gemini Associative Pro-
cessing Unit (APU) is designed for future
autonomous satellites.

pure-commercial parts has its bene-
fits. Experts say that commercial space
is so new that reliable models of risks of
on-orbit failures have yet to be crafted.

“Our specialty is in radiation test-
ing,” says Radiation Test Solutions’s
Thomson. “In new space we see com-
panies that do radiation testing. We
have seen a lot of growth because we
are qualifying commercial parts to see
how radiation tolerant they are. You
don't really know until you test.”

This kind of testing can be the key to
balancing on-orbit capability and risk.
“You have a lot of very large technology
companies, such as social media com-
panies, competing in this game that
still need radiation testing to deploy
a reliable constellation of satellites,”
Thomson says. “They can select from
amuch larger set of components than
can traditional spacecraft manufactur-
ers. They may evaluate five or six dif-
ferent memory manufacturers to see
which one might meet their mission
requirements.”

Build to suit
For some space missions, simply
testing for radiation tolerance is not
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enough; sometimes enhancements
are necessary. “In some cases we have
value-add, where we can add shield-
ing around the parts,” says Timothee
Dargnies, CEO of 3D-Plus USA in San
Leandro, Calif.

“Our approach seeks to improve
radiation with the combination of
hardware and software. The hardware
approach starts from existing silicon,
and we add screening and qualifica-
tion. What is new is we add a layer of
software on top of the hardware layer,
and a hardware intelligent memory
controller.”

The combination of software imple-
mented in an FPGA and radiation-tol-
erant memory controller, perform error
correction such that “we qualify the
hardware, and the software makes
it immune to single-event upsets,”
Dargnies says.

Curtiss-Wright also is involved in
systems enhancements to improve
radiation tolerance for space. “There
are several ways you can make a design
radiation tolerant to single-event latch-
ups and single-event upsets like a bit
flip,” explains Curtiss-Wright's Festa.
“There’s no way to determine when a
single-event effect will occur; you have
to correct for these issues.”

One way that Curtiss-Wright engi-
neers mitigate single-event latchups is
the company’s Smart Backplane, which
has parts designed for radiation hard-
ness for critical functions such as mon-
itoring for power changes to embedded
computing modules. The compa-
ny’s Smart Backplane mitigates sin-
gle-event latchup by detecting changes
in the current into an embedded com-
puting module. If that current drifts out
of its present range, then the system
resets the power to that module, and
in so doing clears the memory and any
lingering single-event latchup.
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Radiation-tolerant electronic components such as the DDR3 memory from 3D-Plus USA capitalize on radiation-hardened technology,
which can be applied to low-cost radiation-tolerant components.

“We use FPGAs, so the reset is very
quick,” Festa explains. You only lose
one second of data in each module. The
Curtiss-Wright Smart Backplane has
been designed into a variety of space
systems, including launch vehicles,
re-entry vehicles like the U.S. Space
Shuttle, as well as suborbital vehicles.

Radiation tolerance also is becom-
ing anissue for commercial passenger
and cargo aircraft that must operate at
high altitudes for long-duration flights.
In these applications charged particles
can be as much of a threat as they are
in space.

Curtiss-Wright engineers have
found that today’s commercially devel-
oped multicore processors are particu-
larly well-suited for radiation tolerance
in commercial aviation. “In our air data
product the chip geometries are very
small and might be susceptible to a
single-event upset,” explains Paul Hart,
Curtiss-Wright's chief technology offi-
cer for avionics products.

“For every layer of execution there is
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a comparison,” Hart explains. If there
is a difference, you could surmise that
a single event has occurred, and then
you would do a memory self-test. We
can have strategies to have duplicate
cores, and instead of having a com-
pare function for every line of code,
you would have a comparison for every
parameter you are running. This is a
factor of high-criticality in avionics for
passenger aircraft, so you need a mit-
igation strategy — particularly when
using fly-by-wire systems.”

Demanding applications
For many demanding space applica-
tions — particularly those intended for
high orbits and long-duration missions
— upscreening and enhancements
doesn't fit the bill. These applications
require specially designed electronic
components to resist the rigors of radi-
ation in space.

Increasingly, these applications also
require some of the highest capabili-
ties available in electronics. “We need

spacecraft that can control themselves
so they don't crash into other satel-
lites, and to reposition themselves for
communications. For this we have a
need for artificial intelligence,” says
Paul Armijo, aerospace and defense
business sector manager at GSI Tech-
nologies Inc. in Sunnyvale, Calif.

“We have developed an Al chip
for space that is radiation tolerant
to enable artificial intelligence, data
fusion, automatic target recognition,
and for recognizing weather events.”

Apogee Semiconductor's radiation-tolerant
logic components are for small satellites
that will operate in low-Earth orbit.
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The AI chip is single-event latchup
immune to 100 kilorads of total-dose
radiation exposure.

Today's sensor-intensive satellites
require a lot of on-board processing
because satellite uplinks and down-
links simply do not have the bandwidth
for exchanging so much data with
ground stations. “Satellites have so
many sensors that it becomes unten-
able to push that data down to Earth,
process it, and then tell the vehicle
what to do,” says GSI's George Williams,
the company’s director of data science.
“That data could be optical imagery
or synthetic aperture radar; these are
massive data sets.”

Demands for increased processing
power on orbiting satellites will con-
tinue to grow, Williams says. “Five or
ten years ago it became so easy and
cheap to store data, but the challenge
remains of making that data action-
able. That has ushered in this new age
of Al and machine learning. We need
to take a data-driven approach to get-
ting at that data.”

It's a never-ending appetite for com-
puting power among satellite systems
integrators. “Satellites are getting
smaller, and need high performance,”
says Anton Quiroz, CEO and co-founder
of Apogee Semiconductor LLC in Plano,
Texas.

Apogee manufactures radiation-tol-
erant as well as radiation-hardened
electronics components. The com-
pany offers radiation-hardened com-
plementary metal oxide semiconductor
(CMOS) products, and is applying some
of those rad-hard processes to com-
mercially developed electronic com-
ponents for radiation tolerance.

“We have been able to release a new
family of components by leveraging
commercial foundries to make them
radiation tolerant,” Quiroz says. “We

3D Plus USA

San Leandro, Calif.
https:#www. 3d-plus.com/
index.php

Aitech
Chatsworth, Calif,
http:/iwww.rugged.com

Apogee Semiconductor
Sachse, Texas
https:/fapogeesemi.com

BAE Systems

Manassas, Va.
https:fwww.baesystems.com/en-
us/our-company/inc-businesses/
electronic-systems/product-sites/
space-products-and-processing

Cicoil Corp.
Valencia, Calif.
https:/www.cicoil.com

Cobham Semiconductor
Solutions

Colorado Springs, Colo.
https:/ifams.aeroflex.com/
aboutus/au-cos.cfm

Curtiss-Wright Defense
Solutions Aerospace
Instrumentation
Newtown, Pa.
https:iwww.curtisswrightds.
com/company/locations-
newtown.htm!

Data Device Corp. (DDC)
Bohemia, N.Y.
http://www.ddc-web.com

GSI Technology Inc.
Sunnyvale, Calif.
https:/www.gsitechnology.com

Honeywell Aerospace
Clearwater, Fla.
https:/faerospace.honeywell.
com/en/markets/space

Infineon Technologies
El Segundo, Calif.
https:/www.infineon.com

Renesas Electronics Corp
Milpitas, Calif
https:ffwww.renesas.com/usien/

Maxwell Technologies
San Diego
http:/fwww.maxwell.com

Mercury Systems
Phoenix
https:/www.mrcy.com

Microchip Technology Inc.
Chandler, Ariz.
https:/fwww.microchip.com

Microelectronics Research
Development Corp.
Colorado Springs, Colo.
http:/mww.micro-rdc.com/
index.hitm

Micropac Industries Inc.
Garland, Texas
http:/iwww.micropac.com/Mil-
Home.html

Microsemi
Aliso Viejo, Calif
https:/www.microsemi.com

Nissha GSI Technologies
Burr Ridge, IIl.
https:/www.gsitech.com

Northrop Grumman Corp.
Manhattan Beach, Calif.
http:/www.northropgrumman.
com/Pages/default.aspx
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pSemi Corp.
San Diego
http/fwww.psemi.com

Radiation Test Solutions Inc.
Colorado Springs, Colo.
https:/iwww.
radiationtestsolutions.com/
home

Renesas Electronics Corp.
Milpitas, Calif.
https:/iwww.renesas.com/
us/en/

Space Micro

San Diego
http:/www.spacemicro.com/
index. html

Spirit Electronics
Phoenix
https:/Avww.spiritelectronics.com

Triad Semiconductor Inc.
Winston-Salem, N.C.
https:/fwww.triadsemi.com

VPT Components
Lawrence, Mass.
https:/fwwwvptcomponents.com

VPT Inc.
Blacksburg, Va.
http:/iwww.vptpower.com

VPT Rad
Chelmsford, Mass.
http:/iwww.vptrad.com

Xilinx Inc.
San Jose, Calif.
https:Awww.xilinx.com

can mix 5-volt parts with newer parts,
and we need a part that bridges the gap
between the old technologies and new
technologies, between 1.8-volt parts
and 5-volt parts. In that product fam-
ily is a voter,” Quiroz continues. “Even
though it has triple-redundancy, we
still need a rad-hard part that will vote
on what is going on.”

Apogee engineers have developed
the ability to fine-tune the radia-
tion-tolerance levels of their company’s
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components, which helps the com-
pany serve a wide variety of radiation
needs. “We have parts that are capa-
ble of 30 kilorads total ionizing dose
performance, but we are developing
a 300-kilorad part for the government
geosynchronous market,” Quiroz says.
“It doesn’t change the design difficulty
too much. We can hit the standard geo-
synchronous levels; if you can hit the
government market, you can hit the
commercial market.”
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WASHINGTON— U.S. Navy missile-defense
experts are asking the DRS Laurel Tech-
nologies segment of Leonardo DRS in
Johnstown, Pa., to provide AN/SPQ-SB
shipboard anti-ship missile defense
(ASMD) radar systems to help protect
U.S. Navy surface warships from enemy
anti-ship missiles.

Officials of the Naval Sea Systems
Command in Washington announced
a $30.1 million order to DRS Laurel in
late March to build as many as 59 AN/
SPQ-9B radar systems.

DRS in April 2018 displaced Northrop
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DRS Laurel to build shipboard
missile-defense radar systems

Grumman Corp. as the Navy's AN/
SPQ-9B shipboard radar contractor
in a $64.3 million deal. That contract,
which combined purchases for the
Navy and the government of Japan,
included options that could bring its
cumulative value to $263 million.
The AN/SPQ-9B is an X-Band
pulse-Doppler frequency-agile radar
that scans out to the horizon and per-
forms simultanecus and automatic
air and surface target detection and
tracking of low flying anti-ship cruise
missiles, surface threats, low-and-

.2

aurel is building as many as many as
59 missile-defense radar systems to help
protect U.S. Navy surface warships from
™ missile attacks.

slow-flying aircraft, unmanned aerial
vehicles (UAVs), and helicopters.

The radar is designed for the lit-
toral environment in harbors and
along coastlines, and has high clut-
ter improvement factor supporting a
very low false track rate in the littorals
and in high-clutter environments. Its
design makes the most of commercial
off-the-shelf (COTS) and non-develop-
mental item (NDI) equipment.

The unattended radar consists of
four air-cooled below-deck cabinets, a
motor generator, and one above-deck

MILITARY & AEROSPACE ELECTRONICS JUNE 2020 25

6/19/2020, 12:51 PM



