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CEO Corner

This quarter’s message from President and CEO, Jeff Wells

As we enter the 2023 year, NuWaves RF Solutions is incredibly
excited for what the future holds. We have been working hard
over the past several years to bring innovative technology and
solutions to the market, and we are now positioned to take
advantage of the growing opportunities in the industry. With
our cufting-edge engineering capabilities and deep industry
knowledge, we are confident that we will continue to deliver

groundbreaking products and services to our customers. In

addition, we look forward to building strong partnerships with our customers to enable them to achieve their

business goals. We anticipate great success in our 2023 year, and we look forward to continuing to push

ettt

the boundaries of what is possible in RF engineering.

What We’re Talking About

Upcoming Technologies and Catalog Additions
The Development of Automation

Upcoming Events

Life-Saving Range Extension

Employee Spotlight




RF Innovation

Range Extension Solutions through Ku-Band

The NuPower™ KU-20-CO01-SO1 is a powerhouse of a power amplifier,
ideal for uncrewed aerial systems (UAS), electronic warfare, and tactical
communications systems with its lightweight design and low power draw. This
solid-state PA extends your operational communication range and provides

43 dB of power gain from 14.5 GHz to 15.5 GHz for continuous waveforms.

The NuPower™ KU-20-CO1-SO1 accepts a nominal +10 dBm RF input and

provides 33 dB (min) of power gain for continuous wave (CW) and near-constant envelope waveforms. Based
on the latest gallium nitride (GaN) technology, the power and form factor of the NuPower KU-20-CO1-SO1 make
it ideal for size, weight, and power-constrained RF telemetry, tactical communication systems, and electronic

warfare systems.

Other benefits include improved link margin, reduced size for space-constrained systems, and an optional fan-
cooled heatsink!

View Product Data Sheet

Spatial Combiner Development

NuWaves has been working on some exciting innovations
in the world of spatial combiners and is ready to announce
our latest new technology, COREPOWER™. Designed to
combine several solid-state power amplifiers (SSPAs) into
a compact form factor with high power and low loss, this
piece of technology is perfect for aerospace applications.

In a fast-paced environment like space, you can see why we

are excited to bring this to the table.

With a usable frequency range of 1 GHz to 8 GHz, a maximum combining power of >2 kW, and a multipaction
power handling of >TkW, it is an excellent fit for tons of end uses that require consistent, low-maintenance, and
highly reliable RF technology.

Our team is happy to answer any questions you may have about this upcoming technological development. Please

reach out to our Business Development team to learn more at sales@nuwaves.com!

Reach out to learn more about our custom design services! sales@nuwaves.com

NuWaves Q1 Newsletter: January - March 2022 Page 3



https://nuwaves.com/rf-microwave-product-solutions-catalog/nupower-ku-20-c01-s01-solid-state-power-amplifier/

New Product Additions

NuPower™ 11BO2A-TAC2 Mini Multi-Octave Power Amplifier

The NuPower™ 11BO2A-TAC2 is a highly ruggedized power amplifier designed for applications

within S-Band frequencies between 200 MHz and 2600 MHz. Providing 10 Waitts of RF power,
this module is ideal for man-portable tactical radios. It's IP67-rated chassis with

intfegrated heat sink allows the system integrator or operator to easily incorporate

the unit into a platform operating in harsh environments with limited space, such as

a tactical vehicle or manpack. View product data sheet

Product Spotlight

NuFilter™ 04BPCV-4695-SFSF-MO1Bandpass Cavity Filter

Gieiazs -
The NuFilter™ 04BPCV-4695-SFSF-MO1 provides superior harmonic and noise filtering %}
of SCISR Radio (C-Band), as demonstrated by the rejection levels of greater than 40 dB %';;,_'F;Lo;gm.Ages-gvs;;ﬁc:,

Bandpass o
WaveS . She100t

at 2500 and 6890 MHz. This high-performance module accepts input power levels up to
35W CW, with only a minimal 0.2 dB of insertion loss in the passband frequency range
of 4400 to 4990 MHz. Though designed to support the NuPower Xtender™ SCISR-20, with standard SMA

connectors, this filter can be quickly and easily added to any RF system.

NuFilter™ 08BPCV-1600-SFSF-MO1Bandpass Cavity Filter

The NuFilter™ O8BPCV-1600-SFSF-MO1 provides superior harmonic and noise filtering of
SCISR Radio (L-Band), as demonstrated by the rejection levels of greater than 40 dB af

1175 and 2025 MHz. This high-performance module accepts input power levels up to
35W, with only a minimal 0.6 dB of insertion loss in the passband frequency range of 1350 to 1850 MHz.

NuFilter™ 08BPCV-2262.5-SFSF-MO1Bandpass Cavity Filter g8

The NuFilter™ O8BPCV-2262.5-SFSF-MOI provides superior harmonic and noise filtering
of SCISR Radio (S-Band), as demonstrated by the rejection levels of greater than 40 dB
at 1850 and 2830 MHz. This high-performance module accepts input power levels up to
35W, with only a minimal 0.4 dB of insertion loss in the passband frequency range of 2025 to 2500 MHz.

Product Pairing Suggestion:
NuPower Xtender™ SCISR-20 Multi-Channel Amplifier

Tri-Band Bidirectional Amplifier is a unique and versatile amplifier designed

to support secure CDL ISR (SCISR) software-defined radio communications

but can be used in any L-, S-, and/or C-band application.

View product data sheet
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The Development of Autonomy

By Jaime Jones, Karalee Jerse-Woodward

Reading About Robots

Eighty-three years ago, Isaac Asimov published the first of nine short stories that would explore the complexities of ma-
chine intelligence alongside human civilization. Robbie, both title and focal character of the 1940 short story, depicts
a young girl’s relationship with her robot companion as she learns that he is capable of feeling emotions and forming
strong human bonds. Ultimately, the tale is about accepting Robbie for who he is despite his lack of humanity and that

he should be treated with respect and kindness as any other sentient being would.

Before the atomic age had even begun, society was already grappling with the idea of a future where autonomous

machines worked, coexisted, or, in some ways, even surpass humanity.

One essential component that the philosophers and science fiction writers of the mid 20th cenfury glossed over was

the complexity of creating a thinking, reasoning, and fully autonomous artificial intelligence in the first place.

The unprecedented global R&D investment during both World Wars had convinced people of the age that techno-
logical advancement came in leaps and bounds. The same year that Robbie’s tale was first printed on the pages of
the Super Science Stories Magazine, the world was introduced to the first color television, polyester fabrics, and the
iet engine. The average person in the 40s would have believed that growth was ever accelerating like space infinitely

expanding faster than light — why wouldn't there be a human equivalent machine intelligence by 20002

Though, as you and | know, the progress during the greatest generation would not be sustained, at least not how they

would have expected.

Rather than in giant leaps, technology moves in smaller, continuous increments. Our modern perspectives are flooded
with constant new discoveries and inventions, but few revolutionary products like the generations before us. Immedi-
ate, life-changing technologies are rarer today - we do get the iPhone 15 or the next Windows reskin, which is nice

~ but progress marches on behind the scenes.

For today, at least. Issac Asimov was ahead of his time but by how much? Sure, he was off by at least half a century,

but maybe not by an entire century.
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UxS — Uncrewed Systems

Today, Uncrewed Systems (UxS) are employed across various industries
and applications. An unmanned system consists of unmanned aerial
vehicles (UAVs), autonomous underwater vehicles (AUVs), remotely
operated vehicles (ROVs), and connecting ground stations and satellites
that facilitate the extraordinary data transmission required for these
systems to function.

These systems are used for surveying large land areas quickly and
efficiently, monitoring wildlife populations, tracking storms, measuring
ocean ftemperatures, mapping coral reefs, deep-sea exploration and

mapping of the seafloor, collecting samples from the seafloor, and

national defense.

These large abstract systems bear litfle resemblance to our biological information processing. Still, they perform data
processing, environmental analysis, and deduction to the degree that begins to blur the line between machine vs.
animal instinct.

As Alan Turing postulated in his 1950 paper: Computing Machinery and Intelligence, Can machines think?

The idea of inanimate machines has long been theorized, even before the first physical models were conceived and
built. Through the timeline depicted below, we will explore the where the initial automation seedlings sprouted in

history, all the way to the fruition of these machines and robots that we now see in our day-to-day lives.

Classical Age

Automation

The earliest references to Automatons can be found during the Pre-Classical Age in the stories of Hephaestus around
700 BC. The god of fire and metalworking was known to the Ancient Greeks as an expert creator of self-operating

machines that could perform tasks without human intervention.

18" Century

Autonomous Machine

Jacques de Vaucanson was a French inventor who
created the first autonomous machine in the late 18th
century. His most famous invention was a mechanical

duck that could quack, flap its wings and even eat

grain.

The mechanical duck amazed people from all over Europe when they saw it for the first time; some thought it had
been brought to life by magic, while others were convinced that Jacques had unlocked the secrets of nature itself with
his creation. Whatever their opinion, everyone agreed that this remarkable feat of engineering marked an important

milestone in human history - one which would pave the way for further advancements in automation and robotics.
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19" Century

Unmanned Aircraft

The late 1800s kicked off a new medium for technology, flight.

1842
William S. Henson’s Aerial Steam Carriage — an
1848 early prototype of a powered, fixed-wing aircraft
that was designed to be flown without a pilot on
John Stringfellow’s Aeropile — an board
experimental steam engine powered
monoplane that was capable of short flights
P P ? 1894

Lawrence Hargrave'’s Box Kite — a box kite design
with four wings and two tails that could stay aloft
for extended periods in strong winds

20" Century

Remotely Operated Vehicle (ROV) | Autonomous Underwater Vehicles (AUV) | Unmanned Aerial Vehicle (UAV)

1909
The first unmanned aerial vehicle (UAV) was developed
1951 by French inventor and aviation pioneer, Jacques Etienne
Montgolfier. It was a hot air balloon powered by an internal
Cable-Controlled Underwater Recovery combustion engine
Vehicle (CURY)
The Cable-Controlled Underwater Recovery Vehicle
(CURV) was an early remotely operated vehicle 1951

developed by the US Navy in 1951. It was designed
for underwater exploration and recovery operations

Ryan Firebee |

and could be controlled from a surface vessel via The Ryan Firebee | was an American target drone developed
a cable connection. The CURV had two cameras by the Ryan Aeronautical Company in 1951. It was primarily
mounted on its body, allowing operators to view what used for gunnery and missile target practice during the
the ROV saw while it explored beneath the waves Korean War, as well as for training in air-to-air combat

tactics. The Firebee could be launched from a variety of
platforms, such as ships or aircraft, and operated at speeds

1954 up to Mach 0.9 (670 mph)
Deep Sea Television Explorer (DSVT)

The DSTV was a deep sea camera system designed to 1955

explore depths up to 6,000 feet (1,800 m). The DSTV

consisted of two parts: an unmanned submersible SD-1

vehicle with cameras attached that could be remotely The SD-1 UAV is a medium-altitude, long endurance (MALE)
operated from the surface; and a control station on unmanned aerial vehicle (UAV) developed by China

board a ship or submarine which allowed operators to

Aerospace Science and Technology Corporation. It has a
view live footage from the cameras

maximum flight time of up to 20 hours and can fly at altitudes
of up to 10 kilometers. The drone is powered by an internal
combustion engine with electric start and has a wingspan of
14 meters
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Remotely Operated Vehicle (ROV) | Autonomous Underwater Vehicles (AUV) | Unmanned Aerial Vehicle (UAV)

1962
Lockheed D-21 Supersonic Drone

The Lockheed D-21 was an American supersonic,
unmanned reconnaissance drone developed in the
1960s. It had a range of over 2000 km and could fly
at speeds up to Mach 3.5 (over 4,000 km/h). The
aircraft was designed to be launched from high altitude
by a modified variant of the A-12 spy plane

1980

Pioneer UAV

The first unmanned aerial vehicle developed by the US
military, this drone was used for reconnaissance and
surveillance missions in Vietnam

1995

ALTUS Il UAV System

Designed specifically for high altitude operation ,this
remotely piloted aircraft uses an advanced avionics
suite that allows operators to control flight parameters
from up to 200 miles away while providing real time
imagery data back home base station via satellite
linkup capabilities allowing commanders greater
situational awareness over large areas

1998

Global Hawk High Altitude Long Endurance
Surveillance Aircraft

Built primarily for use within North American airspace
but later deployed overseas due to their impressive
range capability, which enables them fly nonstop
across continents covering thousands of kilometers

per mission they are equipped state off art sensor
packages including synthetic aperture radar systems
infrared cameras laser designators among other
features enabling them detect even smallest movements
on earth surface thus giving militaries unprecedented
level information gathering abilities
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1960
QH-50A

The QH-50A was an unmanned aerial vehicle (UAV)
developed by the U.S. Navy during the late 1950s and early
1960s to provide a low-cost drone for target designation
and anti-submarine warfare operations. It was powered by
a single piston engine, capable of reaching speeds of up

to 70 knots with an endurance of over 3 hours. The drone
carried two cameras or sensors for reconnaissance or
weapons guidance, along with other specialized equipment
including sonobuoys, chaff dispensers and flares

1971
SeaMARC |

Woods Hole Oceanographic Institution developed the
SeaMARC |, the world’s first Autonomous Underwater
Vehicle (AUV). This revolutionary device could reach depths
of up to 1000 meters and was equipped with high-precision
sonar, magnetometers, cameras, and other instruments to
produce detailed maps of the ocean floor

1994

Predator Drone

This medium altitude long endurance Unmanned Aerial
Vehicle has been widely employed to conduct remote
sensing activities such as battlefield observation or search &
rescue missions since 1994 when it entered service with the
United States Air Force's 15th Reconnaissance Squadron at
Indian Springs AFS Nevada

1998
Hydroid REMUS 100

In 1998, Hydroid Inc. released the Hydroid REMUS 100,

an advanced ROV capable of diving up to 1000 meters. It
was equipped with two cameras, sonar systems, manipulator
arms, an acoustic modem, and numerous sensors allowing

it to collect data from its environment. It also had advanced
navigation capabilities, allowing it fo autonomously map
large areas of the ocean floor without human intervention

2003
Northrop Grumman Bat

The Northrop Grumman Bat is an advanced, long-range,
autonomous unmanned aerial vehicle (UAV) designed for
intelligence, surveillance, and reconnaissance (ISR) missions.
It has an effective range of up to 500 nautical miles (926
kilometers) and can carry either conventional or nuclear
warheads
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Remotely Operated Vehicle (ROV) | Autonomous Underwater Vehicles (AUV) | Unmanned Aerial Vehicle (UAV)

2007
General Atomics MQ-9 Reaper
20Mm The General Atomics MQ-9 Reaper is an unmanned
The Switchblade 300 aerial vehicle (UAV) dev§|oped by th§ American def.ense
contractor General Atomics Aeronautical Systems. It is a
The Switchblade 300 drone is a compact, foldable multi-mission medium-altitude, long-endurance UAV used
quadcopter designed for aerial photography and primarily for surveillance and attack operations. The Reaper
recreational use. It features an intelligent flight system can be armed with up fo three 500 Ib GBU-12 Paveway I
that lets users precisely control the drone’s movements laser-guided bombs or missiles such as AIM-92 Stinger air-
in any direction with three buttons to-air missiles and AGM-114 Hellfire anti-armor/personnel
missiles
2018

Northrop Grumman MQ-4C Triton

The Northrop Grumman MQ-4C is intended to provide real-
time intelligence, surveillance and reconnaissance missions

2019
Boeing MQ-25 Stingray

The Boeing MQ-25 Stingray is an aerial refueling (ISR) over vast ocean and coastal regions, continuous
drone that resulted from the Carrier-Based Aerial- maritime surveillance, conduct search and rescue missions,
Refueling System (CBARS) program, which grew out and to complement the Boeing P-8 Poseidon maritime patrol

of the earlier Unmanned Carrier-Launched Airborne aircraft

Surveillance and Strike (UCLASS) program

As it was in 1940, military funding remains the primary driver of innovation, but consumer developments are not far
behind the curve. As current fechnology matures and pressures for automation rise, the age of thinking machines may

have already arrived.

NuWaves RF Solutions designs and develops a multitude of range-extending modules to help improve the data link
and communication systems within uncrewed vehicles. The NuPower Xtender™ 12B0O4A is a small, lightweight, and
power-efficient bidirectional amplifier ideal for extending the communication range of half-duplex L- or S-band
fransceivers running constant-envelope or near-constant-envelope waveforms. The bidirectional amplifier generates
10 Watts of RF power from 1000 to 2500 MHz in transmit mode and the integrated low-noise amplifier provides a
minimum of 13 dB of gain in receive mode. This module is ideal for Unmanned Aircraft Systems (Group 2 and Group
3), Unmanned Ground Vehicles (UGV), and RF Communication Systems.

NuWaves also specializes in quick-turn modification of our commercial off-the-shelf products. Our dedicated team of
engineers can rapidly develop a custom solution to fit your system's
needs. The NuPower Xtender™ 12BO4A series has a number of
variations including the NuPower Xtender™ 12B04A-D27, which
accepts a +27 dBm RF input and provides more than 15 dB of

fransmit gain.

View Product Data Sheet

NuPower Xtender™ 12B04A
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Upcoming Events

Event Date . Location

Satellite 2023 B March 13 - 16, 2023 , Washington, D.C.
Space Symposium ﬁ?j April 14 - 17, 2023 , Colorado Springs, CO
r|| 26 28,2023 Nashville, TN

Army Aviation Mission So|uf|ons Summlt 3 p

SOF Week 2023 Mcy 8-11,2023 e Tampa, FL
ZTT . T TSP PSRN T A RN
AUVSI Xponential May @ - 11, 2023 ) Denver, CO
Modern Day Marine 4 June 27 - 29, 2023 < Washington, D.C.
: September 2023 & National Harbor, MD

I October‘?- 11, 2023 ' ‘ Washington, D.C.

Life-Saving Range Extension

CENTUM's Llifeseeker System is an Airborne Phone location

for Search and Rescue, capable of accurately locating missing
persons through their mobile phones — even in areas with no
network coverage and under adverse weather conditions. It
can be used on both manned (planes and helicopters) and
unmanned aerial platforms (UAVs/drones). This device turns

phones into emergency beacons that quickly guide Search

and Rescue teams to the exact location of the missing person.

Lifeseeker maximizes missions in which every second counts by efficiently locating the person in need.

NuWaves RF Solutions is proud to support Lifeseeker through the development of a custom power amplifier
that assists in increasing the range of the system in even the most remote of locations. Taking one of our off-
the-shelf commercial products, we were able to quickly tailor it to provide the required performance for the

SAR mission needs.

Our team is thrilled to play a role in this system that has saved countless lives and we look forward to our

continued partnership with CENTUM research and technology.

Interested in quick-turn, custom modifications? Contact our team! sales@nuwaves.com




Employee Spotlight — Quality
Get to Know Adam

Adam Barnhardt is NuWaves RF Solution’s Quality Control Supervisor

and has been with the company for over five years. Starting at NuWaves
as an electronics assembler, Adam was quickly selected for his talent at
managing complex quality requirements and his deep knowledge of the
industry. He excels at his current role by owning the AS?100 process and
guiding the company toward delivering defect-free, on-time products
and supporting our supply chain in doing the same.

How Did Your Career in Quality Start?

| have been part of the electronics industry for nearly two decades.

During my time involved in electronics assembly, | always had an Adam Barnhardt
interested in managing the outputs of processes and fine tuning what Quality Control Supervisor
we're doing to better serve its end use. Continuous improvement has

always been a critical component of electronic manufacturing in the defense industry, and | like to optimize

and develop new methods of effectiveness.

What has been the most rewarding project you have worked on at NuWaves?

| helped lead the quality team during the transition from ASQ100 Rev C to Rev D this is when | realized
my frue passion for quality. This experience allowed me to work with all the stakeholders at NuWaves to
understand where they are at, where they need to be, and what it would take to get there successfully. We

were able to adopt the new changes at a very rapid pace due to great teamwork throughout the company.

What is your favorite part of working in the military/defense industry?
What we do matters. In this industry, somewhere along the supply chain, every piece has considerable

impact on its mission. The thing that | have built over a decade could still be in service flying around the
world today, and it is important to me that it is the best quality possible.

What motivates you?

| like to improve myself over time, as well as help my kids improve and grow. Seeing myself get better at

something | am passionate about scratches an itch.

What are your hobbies outside of work?

| really love to bowl, | am a part of four leagues and play three days a week. | also really enjoy restoring

old cars, playing instruments, and spending fime with my wife, two daughters, and our dogs.

Join our team! great.careers@nuwaves.com
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