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WELCOME TO THIS NEW EDITION OF JPL
TECHNOLOGY HIGHLIGHTS. I INVITE YOU TO
EXPLORE THE BREAKTHROUGH APPLICATIONS
DESCRIBED HERE, AND ENCOURAGE YOU

TO JOIN AS WE ENVISION THE FUTURE OF
SPACE EXPLORATION IN NEW WAYS.
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Technology, the name we give our advanced
tools, comes from the ancient Greek word
tekhnologia, which means systematic
treatment of an art, craft, or technique.

At NASA's leading center for robotic
exploration, we create technologies that
advance the state of the art in service

of our mandate: to explore space in pursuit
of discoveries that benefit humanity.

JPL technologies enjoyed a very successful
2018. They traveled farther than anything
humanity has made, as we were reminded
when Voyager 2 passed into interstellar
space. InSight landed on Mars with new
technologies to learn about the planet’s
interior. The probe traveled with twin MarCO
CubeSats fitted with a new type of antenna
that allowed them to relay landing data to
Earth despite their tiny scale. Earth science
missions carried advanced new instruments
to understand our planet, such as the Gravity
Recovery and Climate Experiment Follow-On
(GRACE-FO), which is making a new map of
Earth’s gravity every 30 days with enough
accuracy to detect water underground.
CubeSats complemented larger Earth science
missions with more impressive capabilities
than expected for their size, such as RainCube
and its radar.
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Prioritizing technology development and
infusion has been a crucial piece of the
Laboratory’s mission success. Recognizing
that, JPL has chosen a set of Strategic
Technology Directions to focus this crucial
aspect of our work. To ensure continued
new achievements in our missions through
2035, JPL must lead in the following
areas: autonomous systems; artificial
intelligence and machine learning; data
science; miniaturized systems; advanced
manufacturing, design, and materials;
distributed systems; communication and
navigation; instruments and sensors; and
robotics and mobility systems.
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Every technology in this book is born

from JPLers’ world-class creative energy
and expertise. From intelligent machines
that can explore space or save lives inan
emergency, to sensors capable of detecting
extraterrestrial life or preventing disease,
the Laboratory is building technologies
that will shape our future.

| invite you to explore this year’s edition
of JPL Technology Highlights.

MIKE WATKINS
JPL DIRECTOR

Jet Propulsion Laboratory
2019 Technology Highlights
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We live in a world that is increasingly defined
by new technology across all walks of life.

The technological landscape of our society
continues to become more complex and
challenging—imagine trying to drive while

the roads are changing under you. To continue
to operate at the cutting edge, we must pay
attention to how technical applications are
evolving, and use our values and experience
to chart a course. Setting that course, while
building in adaptability, is one of the core
missions of the Office of the Chief Technologist
at JPL.

The JPL Technology Highlights collection, while
representing only a fraction of the impactful
work taking place at JPL, showcases a wide
range of technological breakthroughs: robots
that can climb cliffs of ice, others that navigate
above or below oceans; mobile magnetic
imaging to peer through solid matter with ease;
radar that can see inside clouds to predict rain;
a helicopter that will fly autonomously on Mars;
to increasingly powerful science missions;

and instruments to detect Earth-sized worlds
around other stars.

FRED HADAEGH
JPL Chief Technologist

The following pages show that the
technological opportunities at JPL
have never been greater.

Our technologies not only reveal more of
the universe’s mysteries, they also offer new
tools that have already changed the way
humans live, work, and play on Earth—from
complementary metal oxide semiconductor
(CMOS) chips in phone cameras enabling
modern social media, to innovative sutures
used in heart surgery.

When you are going through these
highlights, | hope you share my excitement
when I look at all our amazing innovations

today and imagine how they will fit into
the future we are all helping to shape.I

ulsion Laboratory
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InSight LANDER & MarCO CUBESATS

InSight is 6 m (19.7 feet) wide, has a mass of 358 kg
(789 Ib.), and its robotic arm extends about 1.56 m.

The twin MarCO CubeS led simul ly
with, but separately from the InSight lander, and
transmitted landing data back to Earth during InSight’s
descent through the Martian atmosphere.

Jet Propulsion Lab
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PURSUE

A DIVERSE
& BOLD SET
OF SCIENCE
MISSIONS
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Simulator, a 25-foot-wide (7.62-meter-
wide) vacuum chamber meant to imitate
extraterrestrial environments.
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MARS HELICOPTER BALANCES
THE NEED FOR RISK-TAKING
INNOVATION AND DEMONSTRATION
OF ENHANCED CAPABILITY WITHOUT
ADDING RISK TO THE PRIMARY
SCIENCE MISSION

GOING TO MARS

More than 1,500 individual pieces of carbon fiber,
flightgrade aluminum, silicon, copper, foil and
foam go into the Mars Helicopter. Experience from
this technology demonstration will improve the
next g ion Mars Sci Helicop

The Mars Helicopter, a small, autonomous rotorcraft, will travel
under NASA’s Mars 2020 rover mission to demonstrate the viability
of heavier-than-air vehicles on the Red Planet. "NASA has a proud
history of firsts," said NASA Administrator Jim Bridenstine. "The idea
of a helicopter flying the skies of another planet is thrilling. The Mars
Helicopter holds much promise for our future science, discovery, and
exploration missions to Mars." This is in large part thanks to flying
over obstacles, like rocks and dunes, that can be hazardous to land-
based exploration platforms. Approximately 60-80 Martian days after
landing, the helicopter will be released from the rover. Once the rover
is about 100 meters away, it will try to fly on Mars.

The result of the team's four years of design, testing, and redesign
weighs in at just under four pounds, or 1.8 kilograms. The fuselage is
about the size of a softball, and its twin, counter-rotating blades will
bite into the thin Martian atmosphere at almost 3,000 rpm—about 10
times the rate of a helicopter on Earth. The helicopter is optimized for
Mars, from solar cells to charge its lithium-ion batteries, to a heating
mechanism to keep it warm through freezing Martian nights. Mars
Helicopter will also carry a camera to image the rover as it flies nearby.

Mars’ atmosphere is only about 1% as dense as Earth'’s, so the
helicopter will fly at the equivalent of 100k feet above Earth before it
even takes off. The altitude record for this kind of vehicle on Earth is
40k feet. There is no pilot, and Earth will be 3-22 minutes of lightspeed
travel away, but it will need to react to changing circumstances in

real time. Mars Helicopter is equipped with significant autonomous
capability, able to take commands from the ground, and then

fly the mission without further instruction, reacting to changing
circumstances in real time.

The future success of NASA missions requires both risk-averse
mission execution and risk-tolerant technology development. These
enhance each other, as Mars Helicopter will prove regardless of how
the first flight goes. Even in the absence of complete success, the
technology demonstration will give us invaluable knowledge for future
planetary missions. Mars Helicopter is already driving a new paradigm
of innovative mission design by prioritizing approaches to take the
risks inherent in advancing technology without impacting primary
mission success.

Jet Propulsion Laboratory
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BYLASER

Ranging data taken by LRI as it flew
over the Himalayas. The extra mass
of the mountains translates to extra
gravity, tugging just a little more on
each spacecraft in turn as it passes over.
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ACHIEVING
UNPRECEDENTED
PRECISION

WITH LASER
INTERFEROMETRY

VANDENBERG AIR FORCE BASE

The twin GRACE-FO satellites are shown
here being integrated with the multi-
satellite dispenser structure that was

used to deploy the satellites during launch.

Gravity is one of the most fundamental forces
in our universe. It is so powerful it can literally
alter the passage of time. Multi-spacecraft
observatories can use gravity to probe Earth’s
changing gravitational field for climatology, or
the universe’s most violent events—black-hole
mergers—in galaxy formation.

The Gravity Recovery and Climate Experiment
(GRACE), which operated from 2002-2017, was a
twin spacecraft mission that led to a sea-change
in gravitational science and provided the first
monthly mapping of Earth’s gravitational field.

It was also discovered that this data could be
used to detect underground water reserves—an
increasingly scarce and precious commodity.
The spacecraft were each in the same low-earth-
orbit, but one trailed the other by 220km. The
gravity signal of interest was measured by using
microwaves to track the change in the spacecraft
separation caused by the Earth’s varying
gravitational fields. Since water is the main heavy
substance that can move on monthly timescales,
watching the gravity map change monthly has
become a new way to see the Earth’s water and
climate system.

The GRACE Follow-On mission (GRACE-FO)
continues GRACE’s important measurements, but
also has a technology demonstration instrument:
the Laser Ranging Interferometer (LRI). LRI is the
first inter-spacecraft laser interferometer in history.
The LRI uses lasers with wavelength of ~1 micron
rather than the ~lcm wavelength of microwaves.
The smaller wavelength means the separation
measurement is significantly more precise. In
practice, LRI measured the separation change of
the two GRACE-FO spacecraft down to less than a
nanometer, or more than two orders of magnitude
more precise than the microwave system.

LRI is a collaboration led by NASA/JPL in

the U.S. and the Albert Einstein Institute

in Germany. The U.S. provided the laser,
cavity, and laser ranging processor, while
Germany provided the triple mirror assembly
as well as the optical bench electronics and
assembly. The LRI technology was designed
to demonstrate improved performance for
the next Earth Geodesy mission.

LRI can also be seen as a pathfinder for
space based gravitational wave detectors,
which use the same inter-spacecraft laser
interferometry. The LRI lays the groundwork
for missions like the Laser Interferometer
Space Antenna (LISA), which plans to use
laser interferometry to directly measure
gravitational waves from astronomical
sources. LRI is breaking new ground in
applied gravitational science—-giving us

a deeper understanding of Earth’s water
and climate, and one day the astrophysics
of super-massive black hole collisions.

100X MORE ACCURATE
THAN ITS MICROWAVE
PREDECESSOR,

THE LASER RANGING
INTERFEROMETER 1S

A WORLD FIRST-AND

A PATHFINDER FOR EVEN
MORE AMBITIOUS, LONG
DISTANCE, DISTRIBUTED
SPACE OBSERVATORIES
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PRINCIPAL INVESTIGATOR

Sona Hosseini proudly presents her
miniature high-resolution spectrometer.




Our understanding—of ourselves, each other,
and the universe—is limited by what we are able
to perceive. During the Renaissance, Galileo’s
telescopes allowed us to see a new reality—one
that had been impossible to know until then.
Today, the technologies we use for seeing are
more than lenses; they also cut and reconfigure
beams of light to improve image quality, use
software to piece things together—frequently
this requires huge installations to push the
boundaries of image resolution, i.e., what we can
see in the universe. Of course, we observe more
than just the visible range: discoveries remaking
how we understand the shape and nature of

our universe, just like Galileo’s, are coming

from ultraviolet, infrared, X-ray, and other
wavelengths of light.

Technologists have developed a spectrometer
to leverage these technology trends in optical
sciences. Many of NASA's future key scientific
goals will become achievable with the benefits
of the next generation of miniature high-
resolution spectrometers. The JPL mini high-res
spectrometer is about the size of a thumb,
obtains high spectral resolution with no moving
parts, and requires very small input optics. It can
observe weak targeted atomic and molecular
spectral lines at these high resolutions thanks
to a novel interferometric capability known

as a spatial heterodyne spectrometer.

Employing this technology, future platforms
will see fainter signals with higher sensitivity

to detect and analyze important volatiles such
as water in a comet, lunar environment, or
anywhere else. Having the capability to detect
isotopic ratios in the water tell us about its
source, and ultimately where the water on Earth
came from. High-sensitivity miniature sensors

onboard multiple, small autonomous platforms,
with each dedicated to a different wavelength,
would enable a leap forward for future space
explorations.

Coming back down to Earth, the next generation
miniature high-resolution spectrometer can
provide unprecedented spectral markers,

with many applications to everyday life. For
example, it could provide a fingerprint to identify
targeted atoms and molecules in medicine,
authentication and gas analyzers to identify
active pharmaceutical ingredients, or in real-
time monitoring of anesthetic and respiratory
gas mixtures in combat fields or during medical
surgeries. The technology also opens the door
to personalized medicine, like scanning eyes or
blood. And thanks to the spectrometer’s small
size, all these capabilities could be accessed
from a small, hand-held device, like a phone.

USING A NEW
CAPABILITY, SPATIAL
HETERODYNE
SPECTROMETERS,

FAR SMALLER—AND

IN MANY WAYS MORE
CAPABLE—SENSORS ARE
NOW AVAILABLE FOR
USE IN SPACE, WITH
MYRIAD APPLICATIONS
HERE ON EARTH



TAKE A
CLOSER
LOOK AT
OUR COSMIC
NEIGHBORHOOD

Near-infrared detector chip of 10K pixel
DARKNESS array: 80 X 125 pixels with 5
microwave drive lines and a quarter for scale.

WHEN GALAXIES COLLIDE

This image of the interacting galaxies
Arp 147 is a mosaic from ARCONS on the
Palomar 200" telescope.
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We used to wonder if the stars we see at night had any
planets at all. Today, based on thousands of observed
exoplanets, it is believed that on average, several planets
orbit every star in the galaxy. We “see” them indirectly, by
measuring changes in starlight and gravity that occur when
the planet passes between us and its parent star. Newly
developed technology will tell us what those planets

are made of.

Researchers at JPLs Microdevices Laboratory (MDL)
developed and fabricated advanced ultraviolet-optical-
near infrared (UVOIR) microwave kinetic inductor detector
(MKID) arrays, which can work with large telescopes and
an adaptive optics system to enable direct imaging of faint
exoplanets around nearby stars.

MKIDs use superconducting material to enable simultaneous
single photon—the smallest measurable element of light—
counting and energy resolving capabilities. Each pixel is
composed of a tuned inductor-capacitor resonator, and

up to 2000 such pixels are coupled to a single microwave
transmission line. This multiplexing technique simplifies
wiring and reduces the heat load of science instruments that
must be operated at cryogenic temperatures. The primary
advantages of MKIDs over conventional detectors are the
absence of read noise and dark current, which represent

the scatter of its readings, and a fast readout time, the
equivalent of several thousand frames per second. These
capabilities have no analog in present semiconductor-based
detectors. The key technical advance is in production: novel
materials are deposited on substrates and patterned to form
integrated circuits, improving the spectral response and
quantum efficiency of photon detectors.

JPL delivered 2k pixel UVOIR MKID arrays

for the Claude mount at Palomar (Array Camera for Optical
to Near-IR Spectrophotometry, aka ARCON), 10k pixel
devices for the Cassegrain mount at Palomar (DARK-
speckle Near-infrared Energy-resolved Superconducting
Spectrophotometer, aka DARKNESS) and most recently,

MEC ARRAY

Mounted chip assembly of 20k
pixel MEC array: 140 X 146 pixels
with 10 microwave drive lines,
150 um pitch, 22 X 22 mm.

20k pixel devices for exoplanet observations at

the Subaru telescope (MKID Exoplanet Camera,
aka MEC). In particular, the DARKNESS and MEC
cameras act as both science cameras and focal-
plane wavefront sensors, which enables higher
contrast ratios between a bright star and a nearby
faint exoplanet. Higher contrast ratios mean the
changes in light caused by even smaller objects,
such as an Earth-like planet passing its star, become
noticeable. This technology is already revealing key
characteristics about planets in other star systems,
like mass, distance, orbital period, and chemical

signatures. % Z%///////: %/////Z W////Zﬁ
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Water vapor is a major source of uncertainty in
atmospheric modeling—models that help us plan for
significant changes in weather, including hurricane
prediction. The ability to directly measure humidity
inside of clouds is key to our understanding and
preparation for weather. Clouds often confuse today’s
sensor systems, such as differential absorption lidar.
Vapor In-Cloud Profiling Radar (VIPR) is the world’s first
range-resolving atmospheric absorption radar

—a differential absorption radar—that can measure
humidity directly inside clouds. This was previously
impossible to do remotely due to limitations in the ability
of other methods to reliably and accurately sense inside
clouds at all levels of the atmosphere.

Innovations include world-record signal source
efficiency/power when tuned near 170 GHz by using
solid-state transmitters, specialized low-noise amplifiers
and a quasi-optical design for high-sensitivity detection,
software for signal processing and extracting the
humidity data out of the signal, and mechanical design
and aircraft-readiness preparation for VIPR’s test flights
at the end of 2019.

VIPR provides significant power efficiency over
previously flown radar. It offers 500 mW of transmit
power over 167-175 GHz thanks to a novel ‘Schottky
diode’ based device, designed and fabricated in-house
at the Microdevices Laboratory. VIPR’s sensitive receiver
also uses a specially designed mixer and low-noise
amplifier designed in-house and fabricated by Northrop
Grumman. VIPR’s radar architecture and operation

was developed by a close collaboration between radar
engineers and climate scientists.

WHAT CLOUDS REALLY LOOK LIKE

VIPR addresses the NASA Earth Science
goal of providing high resolution water vapor
profiles in Earth’s clouds.

VAPOR-IN-CLOUD-
PROFILING RADAR
[VIPR) WILL SHOW
US WHAT HAPPENS
INSIDE CLOUDS

In 2018, VIPR’s final radiofrequency and optical

builds were completed. Its ability to accurately
retrieve humidity measurements inside clouds and
rain was validated in ground testing and on balloons
launched by collaborators at the Scripps Institute of
Oceanography. VIPR shows promise in finally giving us
the ability to uncover the true nature of clouds.

Differential absorption radar similar to VIPR but
adapted to different needs can be used more broadly
in a variety of atmospheric contexts on Earth. These
include remote sensing of water vapor emitted by
volcanoes or at high altitudes, and measuring oxygen
abundance to also extract temperature and pressure
data about the atmosphere. Beyond Earth, differential
absorption radar based on the VIPR architecture
would be an effective tool for measuring trace water
vapor on Mars or over icy moons of the outer planets.
Finally, VIPR’s advanced millimeter-wave technology
can be used for a variety of civil and national security
applications including both radar and communication
systems where very short wavelengths offer both high
spatial resolution (can detect smaller things) and high
bandwidth.

Jet Propulsion Laboratory
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TECHNOLOGY TO FIND
OUR FIRST HOME
AWAY FROM HOME




Before the first exoplanet was discovered, in
1992, scientists debated whether other stars
had planets at all. Today, with over 4000
exoplanets confirmed, exoplanet research is
one of the most exciting fields in astronomy.

A major driver of that excitement is the very
real prospect that in the near future we will
finally know another planet we could live on. A
total of 50 of the 63 stars within 5 parsecs, or
16.3 lightyears, of Earth are red dwarfs. These
smaller stars emit relatively more infrared light,
driving the need for infrared spectrographs.

The Palomar Radial Velocity Instrument (PARVID
is the first ever adaptive optics fed, diffraction-
limited spectrograph on sky. Commissioned at
the Palomar Hale Telescope in June 2019, PARVI
will search for planets orbiting nearby low-mass
stars, measure how fast they orbit, and use that
data to infer the mass of the planet. PARVI will
look for a few “hot Jupiters,” or gas giants with
very short orbits, orbiting near young stars. Its
main focus however is on small, rocky, planets

in the habitable zone of low-mass stars. In some
ways, it is much easier to detect Earth-like
planets around low-mass stars, because the
planet is bigger relative to the star, and because
a less bright, less hot star’s habitable zone is
closer toit.

HOT JUPITERS

The PARVI data below is on “hot Jupiters”
or gas giants with orbits very close to their
parent-star. PARVI is also searching for worlds
in the habitable zone of smaller, nearby stars.

THOUSANDS OF WORLDS HAVE BEEN F
AROUND OTHER STARS—NEW DETECT
TECHNOLOGY IS NEEDED TO TELL IF
NEARBY CAN SUPPORT LIFE AS WE

Previously, infrared technology faced several
optomechanical hurdles, and their suitability
for radial velocity measurements at the sub-
m/s level had not been demonstrated. PARVI
has solved the technical issues of operating

in the infrared, couples light from two infrared
bands, can be used with extreme-adaptive
optics systems, and is expected to measure
radial velocity as accurately as 0.5 m/s. PARVI
is also about 300 times smaller in volume than
instruments of similar resolving power on
similarly sized telescopes. Size savings are one
reason PARVI serves as a technology model
for high-resolving power spectrographs

for space missions as well as extremely

large telescopes.
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This technology will also complement future
missions for more refined exoplanet detection.
EarthFinder, for example, is a precise radial
velocity probe mission concept for the
detection of Earth-mass planets orbiting Sun-
like stars. This would give us our best chance
at finding another planet like Earth orbiting a
star like our Sun. Few discoveries would match
the impact of finding another Earth in our
corner of the galaxy. I

Jet Propulsi ab
2019 Technology Highlights



7

Z//

T

N
Q\

The Llama quadruped robot, weighing in at 75 kg / 165
Ibs., can walk in any direction, almost as fast as a human.
Its nominal walking speed is half a meter per second in all
directions, with a top speed of 0.8-1meter per second in a

The sensor suite consists of a customized large-field-of-
view-stereo pair, a three-dimensional lidar for far-field
assessment, and a scanning two-dimensional lidar for
near-field terrain assessment.

forward direction; the human equivalent is about 1.2 meters
per second. With its speed and mobility, this prototype has

In 2018, the Llama team designed, developed, tested,

X \ broad applications, particularly in environments with rough, 'and de"f’ered a prot.otype V‘{'th'n elght months, with
&\\\\\\\ integration and testing carried out in JPL’s Mobile

uneven terrain, and in situations not suitable for traditional ? . . ;
Manipulation Lab. JPL designed and integrated the

NN \\\ robots that use wheels or tracks to move. Llama can also
\\\\\s custom actuators, developed a custom power system,

carry things while keeping up with its human partners, and )
N can stand in for people in high-risk scenarios involving and assembled and tested the entire robot from scratch.
Although the bulk of the development work was done

X
N \\\\\\\\\\\ security, disaster response, or space operations. o
at the Laboratory, there were contributions from a

\\\§\\\\\\\\\\\\\\ large number of private and public groups, including

\ \ design. An actuator is a mechanism that makes something, motor companies, machine shops, and other research
&&\\\\\\N in this case legs, move. With traditional robots, there is a institutions. Based on lessons learned from the first

\ N\\\\ fundamental tradeoff between speed and torque—that
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One of Llama’s key enabling technologies is the actuator

%
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version of the robot, the team is now developing

is, the faster the robot can move, the less it can carry, and a second prototype for 2019.

N \\\ N vice versa. Traditional actuators use mechanical springs

\\\\\\ §\ W with highly geared motors to manage the sharp impacts
\\ . X experienced in movement. However, Llama uses custom

\\\\\\\\ %\\\\\\\\\\\\ actuators with low gear ratios and no mechanical springs.

7Z

\ These new actuators provide excellent torque performance
&\\\\\\\\\\ at high speed and are designed to be modular, or adjustable.
In Llama’s design, twelve identical actuators are used in a
quadrupedal configuration: four legs with three actuators
per leg. The actuator technology enables control algorithms
to adjust leg stiffness on the fly. This lets Llama adapt D EV E I.U P E D DY N A M I C
to changing off-road conditions, and a wider range of 9 b
unforeseen terrain conditions than traditional robots. These
payload optimized actuators also allow onboard computing
and sensing. Llama has two onboard computers, one for 0 UA D R U P E D R 0 B OT,

M,

o

O

%

control and one for perception, and a robust sensor suite to
operate autonomously.
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2019 Technology Highlights




IN DISASTER ZONES, LIVES
DEPEND ON OUR ABILITY
TO REACH THEM IN T,
WHEN HUMAN RE

TEAMS FACE RADI

OTHER SERIOUS H
MACHINES ARE

LLAMA ROBOT ELECTRIC ACTUATOR

The first Llama prototype, pictured here, is already being This custom large diameter electric actuator enables
improved upon in the second version of the Llama robot. dynamic behaviors, such as suddenly applying less
A mechanical pack animal with programmable intelligence pressure to a footstep when sensing unsafe terrain below.

would benefit all kinds of field operations.
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CLOSE-UP DESTINATION EUROPA
A new all-metal dual-frequency right-hand circularly polarized high-

Waveguide power divider feeding the antenna

NOT EVEN
EXPERTS
THOUGHT

THIS DESIGN
WAS FEASIBLE

subarrays. These are embedded into the structure gain antenna (HGA) is well adapted to deep space applications

of the antenna to enable more input power. —evenr y for many

ures to locations like

Europa. On top of its resilience, it offers superior capability too.

Getting 33kbps science data return from % of a billion
miles away requires antennas more efficient than anything
anyone has ever flown. Traditional mission design with
previous state-of-the-art technology would require either
an additional spacecraft to relay communications from

Jupiter to Earth, or would require a large, high gain antenna.

Existing low-profile antenna designs cannot survive
because of cryogenic temperatures and radiation levels
on the surface of Europa: extreme radiation gets trapped
in Jupiter’s magnetic field, bombarding anything inside
with intense amounts of dangerous particles that fry most
electronics, while surface temperatures on Europa range
from —260 to -370 °F (160 to —220 °C), devastating most
materials antennas have ever been made of.

Technologists have prototyped a radical antenna design
to establish a direct-to-Earth two-way radio link from
destinations nearly a billion miles away, like Jupiter’s moon,
Europa. This icy moon has become a destination of major
interest for many scientists, as Europa is believed to have
all the building blocks for life as we know it. Scientists even
think the ocean underneath Europa’s dense, icy crust may
contain life.

Because of extreme temperatures, radiation, and very
limited physical space, the design was adapted: a flat,
metal antenna. Their key innovation in achieving this, is a
circularly-polarized metal-only element. The design also
mitigates electrostatic discharge—static electricity that
can destroy any active sensors, components, or other
systems onboard. The antenna is made of 4x4 subarrays,
each consisting of 8x8 patch arrays. The subarrays are fed
using a 1:16 waveguide power divider; by embedding this,
the antenna can handle much more input power. In fact, the
first prototype demonstrated over 80% efficiency on X-band
transmission and reception, survived high energy proton
bombardment, and temperatures as cold as -170 °C.

The new technology was rapidly matured from a Technology
Readiness Level of 1up to 5 within a year. This technology
can easily be adapted to other frequency bands used for
planetary missions and other mission environments. It could
increase data return from Mars eight-fold without impacting
antenna weight or size, and eliminate the need for auxiliary
spacecraft to relay lander communications as we expand
exploration to new planets. By going after the hardest
challenges, we make the impossible just difficult.
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NOVEL TERAHERTZ SOURCES
AND RECEIVERS ARE
SENSITIVE ENOUGH TO
DETECT SEVERAL SIGNATURES
AT ONCE, WORK WITHOUT
CRYOGENIC COOLING,

AND USE10 TIMES LESS

SIZE AND POWER THAN
ALTERNATIVES
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Much of the universe is not only unknown but
unseeable to our eyes. Sensors can show us the
universe through light’s “invisible” frequencies, like
X-rays, ultraviolet, and infrared. At the end of the
infrared frequency, up to microwaves, is a range
known as the “terahertz gap” because of our inability
to reliably sense what lies within it. Scientists are
interested in the terahertz gap because it can show
us how stars and galaxies formed, as well as detect
organic molecules, water, and minerals like salt. Until
now, size, power, and temperature requirements
prevented an effective solution.

New terahertz sources and high-spectral resolution
receivers are addressing the terahertz gap. A
thorough redesign of these devices has improved
efficiency and power output up to ten times over
using a novel JPL-patented circui