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Advancing RFIC Design Through Human-Al
collaboration and competition

Miller MMIC is a global provider
.of RF semiconductor solutions
with expertise in GaAs and GaN

processes. We offer a diverse
_ range of products tailored to

~ various wireless applications. Our

product lineup encompasses a
wide array of offerings, including
Low Noise Amplifiers, Distributed

Amplifiers, Power Amplifiers,
Driver Amplifiers, RF Switches, RF
PIN Diode Switches, and
numerous other voltage- and
digitally-controllable RF
components.
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ADVANCED TECHNOLOGY & YT LI | r—
INNOVATIVE SOLUTIONS

FOR MISSION CRITICAL

APPLICATIONS

ISOLATORS & CIRCULATORS

SURFACE MOUNT, MICROSTRIP,
DROP-IN, COAXIAL &
WAVEGUIDES

‘ “ "
v

FILTERS & MULTIPLEXERS

ANTENNA

MICROWAVE ANTENNA:
CERAMIC, SINGLE & DUAL POLARIZATION, 6 TO 80 GHZ

CERAMIC WAVEGUIDE,
SPIRAL, HORN & BICONICAL ANTENNA:
CAVITY & DISCRETE P e

WIRELESS
B INFRASTRUCTURE 4

e

+1-(888) 236-9828 (US) : FOR MORE PRODUCT INFORMATION
“ +1-(630) 246-7833 (INTL) Lt GET IN TOUCH WITH US

% US Operations JQIISTCEEEISISII-S%E:SC')CSM European Operations
1255 Armour Blvd., > g Via Palazetti, 22
Mundelein, IL 60060 — FERR O O 40068 San Lazzaro di Savena BO

USA D4 SALES@JQLTECHNOLOGIES.COM ITALY
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Signal Genorator
SSG-8N12GD-RC
a 8.0-12.5GHz
- 8 Max Roverso PWR +24 €Bim 35V DC

Signhal Generators

Single-Channel & Dual Channel

Highlights

LEARN MORE

Wide output power range

Dual outputs with 360° independent phase control
Pulsed, CW, AM, FM, and chirp modulations

USB, Ethernet & PoE control interfaces

Daisy chain port for multi-module control
Compact housing, 3.6 x5.1 x1.2"

Model Number Output Power # Channels Release Status

SSG-8N12G-RC 8t012.5 GHz -5510 23 dBm 1 Production
SSG-8N12GD-RC 8t012.5 GHz -55t0 23 dBm 2 Production
SSG-5N9G-RC 5t0 9 GHz -5510 23 dBm 1 Production
SSG-5N9GD-RC 5to 9 GHz -55t0 23 dBm 2 Production
SSG-9G-RC 0.01t0 9 GHz -50to 15 dBm 1 Q2, 2025
SSG-9GD-RC 0.01to 9 GHz -50to 15 dBm 2 Q2, 2025
SSG-R7N6G-RC 0.7 to 6 GHz -55to0 23 dBm 1 Q2, 2025
SSG-R7N6GD-RC 0.7 to 6 GHz -55to0 23 dBm 2 Q3, 2025
SSG-1R5G-RC 0.02t01.5GHz -55t0 23 dBm 1 Q3, 2025
SSG-1R5GD-RC 0.02t0 1.5 GHz -55to0 23 dBm 2 Q3, 2025
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Power Sensors

Turn Your PC into a High-Performance Power Meter

Dynamic range options spanning -60 to +20 dBm

CW, true RMS, peak and average measurement capability

Sample rates up to 80 million samples per second

50 and 75Q models

LEARN MORE

Software package supports automated measurement with statistical analysis and time domain plots
No external calibration required

Measurement Freq. Range Input Power Measurement
Model # Control Interface (MHz) Range (dBm) Speed (ms)

PWR-40PW-RC
PWR-18PWHS-RC
PWR-18RMS-RC
PWR-9PWHS-RC
PWR-9RMS-RC
PWR-8P-RC
PWR-8FS
PWR-8GHS
PWR-8GHS-RC
PWR-8PW-RC

USB & Ethernet
USB & Ethernet
USB & Ethernet
USB & Ethernet
USB & Ethernet
USB & Ethernet
UsB
USB
USB & Ethernet
USB & Ethernet

Peak & Avg.
Peak & Avg.
RMS
Peak & Avg.
RMS
Peak & Avg.
CW
Cw
CW
Peak & Avg.

500-40000
50-18000
50-18000

50-9000
50-9000
10-8000
1-8000
1-8000
1-8000
10-8000

-20to 20 5.00E-05
-60to 20 1.30E-05
-60to 20 0.5
-60to 20 0.000013
-60to 20 0.5
-60to 20 0.002
-30to 20 10
-30to 20 30
-30to 20 30
-60to 20 0.00005
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Breakthrough products featuring smaller footprints,
higher frequencies, greater thermal stability, and rapid delivery

R
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Ultraminiature High Q Filters Tunable Gain Equalizer Cryogenic Attenuators Filtered 38999 Connectors
to 10 GHz, custom diplexers to 50 GHz. Linear, parabolic SMT and coax models, 3 pin configurations
and multiplexers available and ripple removal operate reliably at 4 mK 12-week delivery

Get more details and see the full line-up of innovative new products at
spectrumcontrol.com/new25Q3

T

SPECTRUM
CONTROL .

spectrumcontrol.com © 2025 Spectrum Control, Inc. All rights reserved



RF Connectivity Solut\
That Redefine Adapte
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Engineered for uncompromising signal integrity, rugged durability and seamless
integration across infotainment, ADAS, telematics, V2X and radar systems, the
Molex RF automotive portfolio accelerates vehicle connectivity.

FAKRA Coaxial Connector Series
- Automotive IEC 169-26 color-coded/keyed housings for error-proof mating
+ Broadband DC-6 GHz support for infotainment, telematics, ADAS,
V2X and camera links
- Rugged IP67/69K-sealed straight and right-angle styles
with high retention and vibration resistance

MFB Multi-Interface Floating Backshell (Camera Backshell)

- “Floating” interface self-aligns camera FAKRA jacks to the PCB,
accommodating tolerance stack-up

- IP67-sealed floating assembly self-aligns FAKRA connectors,
protecting cameras from dust, moisture and misalignment

+ Broadband DC-6 GHz performance for HD ADAS, surround-view
and autonomous cameras

MMCX Power-over-Coax (PoC) Interface

+ Compact MMCX push-on connector carries RF (50 Q) and DC power over one coax

+ Broadband DC-6 GHz with continuous-ground feature for ultra-reliable PoC,
essential for video

+ Snap-on design optimized for automotive vibration, shock and temperature cycles

L ; Custom Overmolded RF Cable Assemblies
+ IP67-rated overmolded harnesses and backshells for antennas, cameras,
radar and V2X sensors
- Automated, high-volume production ensures consistent 50 Q impedance and low PIM
+ End-to-end design support for cable routing, shielding, length
and connector integration

Explore Our
RF Connectivity
Solutions Here

creoding- mh,eéf'm;/{or /Vblo




quanticpmi.com

Quantic TRM

Quantic PMI designs and manufactures a full range of solutions
for your most demanding RF and Microwave challenges.

Get a complete list of our components and module portfolio, available
options, and download product features and other technical data at

Or contact us at 1-877-752-6271 or sales@quanticpmi.com

Quantic PMI

Modern hybrid MIC/MMIC design

4,500+ Hi-Rel Commercial, Off-the-shelf [COTS) Models
Industry-leading customer and applications support
Form, fit, function and custom package designs
Hermetic sealing, military or aerospace screening

\.'V-\.'V w.eumw.eu

Visit us @ Booth #D139

Passive RF and
Microwave Solutions
for Mission-Critical
Applications

Catalog & Custom

Directional Couplers
1MHz to 26.5 GHz

Power Dividers & Combiners
2-way to 24-way

Hybrids E;??E]

quantictrm.com
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Time Travel

San Franciscan Transportation:
A Living Timeline
Del Pierson, Microwave Journal

Cover Feature

Enabling Ubiquitous Automotive
Connectivity with NTNs

Jeremy Carpenter, Myca Communications and Chris
Keimel, Menlo Micro

Perspective

From Chatbots to Channels: Why
Machine-to-Machine Al Is the Key to
Monetizing 5G and 6G

Armando Montalvo, Digital Global Systems (DGS)

ACCESS NOW! 93
digital. microwavejournal.com
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Technical Features

Optimizing Satcom FPA Design with
Integrated AiP/SiP Chipset

E. Lourandakis, A. Katsounaros, P. Fioravanti, G.
Kontogiannopoulos and C. McMahon, Circuits
Integrated Hellas SA

Predicting Resonant Behavior of
Surface-Mount Capacitors

Chris DeMartino and Larry Dunleavy, Modelithics Inc.

Dual-Band Filtering Horn Antenna
Using a Metamaterial

Xianfeng Tang, Xianggiang Li, Che Xu, Qingfeng Wang
and Jiangiong Zhang, Southwest Jiaotong University

An Inexpensive Tunable S- and X-Band RF Source
for Microwave Laboratory

Manoj Kumar, Mansi Goyal and Gowrish Basavarajappa, Indian
Institute of Technology Roorkee

68 YEARS OF PUBLISHING EXCELLENCE
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World s1 St Al Driven RFIC

" APUSH-BUTTON GDS
TARE OUTREADY SOLUTION

"~ END APPLICATIONS —/"““\\
)~ ()

%
HUGE DESIGN COST REDUCTION

. PERFORMANCE-DRIVEN FOCUS
S EEARRED DESIGN CHOICES TAILORED TO CUSTOMER NEEDS
100X, T000X FASTER

~—REDUCGED DEPENDENCE ON ICVENDORS

ENHANCED:S EGU‘RI}T\CANJD CONFIDENTIALITY
SUCCESSFUL RATE INCREASE

SIGNIFICANT COST SAVINGS >

TRULY ENABLES A “DIRECT INTERACTION"
MODEL FORTHE RFIC INDUSTRY ACROSS EVERY SECTOR.

<i FOUNDRIES j)

HIGHER REVENUE GREATER DESIGN VOLUME . g ;
EXPANDED CUSTOMER BASE LOWERING DESIGN ENTRY BARRIERS RS i
ACCELERATED PRODUCT ITERATION ‘

SIMPLE 3 STEPS -

© LOGIN WWW.RAPIDRF.AI
- ENTER DESIGN TARGET
- PRESS “GENERATE”

3
A TAPE-OUT-READY GDS FILE WILL BE GENERATED AND AVAILABLE FOR DOWNLOAD.
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All Test and Measurement
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Pasternack RF test and measurement equipment,
calibration kits, cable assembly and other precision
interconnects cover a broad range of uses and
applications across the radio frequency spectrum
to provide phase stability with many cycles of
repeatability over a wide temperature range.

In-Stock & Shipped Same-Day

pasternack.com T PASTERNACK
+1 (800) 715-4396 an INFINIT@ brand
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9/1 6 Unlock Next-Level mmWave Performance with PolyStrata® Technology
Sponsored by: RFMW/Nuvotonics

9/1 7 Online Panel: nmWave
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Semiconductor, discusses his
background in semiconductors,
his leadership path to CEO of
Axiro and his plans for Axiro’s
growth and success.

Non-Uniform Sampling for High-
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Data Throughput Without
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ENGINEERED FOR EXCELLENCE,
PROVEN BY PERFORMANCE

3H Comunication Systems offers RF/microwave filter solutions that are
innovative, high quality, cost-effective, DC to 50 GHz, with a 5-year warranty.

3 \

LCe CEBAMIC CAVIfY PRINTED';_QMULTIPLEXERS0 W

:

SWITCHED FILTER BANKS MULTI F\U'N\CTION ASSEMBLIES’

Al
7" NI e

\\\ 3 H Communication

Systems 949.529.1583 | sales@3hcomm.com
" AS9100 & ISO9001:2015 CERTIFIED 3HCommunicationSystems.com
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-C-Q200 Qualified
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The Industry’'s Widest Selection

g 100's of qualifiable g 30+ years design &

models manufacturing experience

g Best-in-industry g Multiple active

stability of supply patents

Parts
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g Industry-leading quality

& engineering support
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San Franciscan Transportation:
A Living Timeline

Every day in The Golden City, including during IMS2025, an autonomous
car crosses paths with a cable car, proudly showing off the two ends of a
150-year transportation timeline. Both revolutionized the city, with cable cars
offering a quicker and safer mode of transportation than horse-drawn carriag-8 ;
es, and autonomous vehicles providing more cost-effective rides for commut- :
ers and tourists alike. They both sparked excitement and controversy, as all new technology does.
The cable car remains an impressive application of simple technology, prompting thoughts about the
influence of radio on modern transportation. Lets use San Francisco to dive into the timeline and see
how radio had an increasingly strong influence on transportation.

Both timelines began in the 19th century, with cable cars first in action in 1873 and the first radio
patent approved in 1897. A few years later, in 1908, Henry Ford introduced the Model T, the first
mass-produced car. About a decade later, in 1919, the world experienced the first clear transmission
of human speech over radio. This late 19th- to early 20th-century period marked the beginning of
two separate timelines that needed separate incubation but were destined to converge.

Following about a decade of separate growth, each industry produced a step-change technology.
The RF industry was evolving beyond AM, and amateur radio operators invented FM. Meanwhile, the
auto industry was just beginning to embrace and implement AM radio as a form of entertainment,
marking the first real interaction between the auto and radio industries.

Radio’s transformative impact on the auto industry began at the turn of the century, when GPS
became commercially available and radio became more than entertainment. Although push-to-start
technology was introduced in luxury cars in the 1990s, the early 2000s saw an increase in this RFID
technology in everyday commuter cars, and today, this is the standard.

The early 2000s brought Bluetooth technology. Not only could Bluetooth be used for calling, but
it paved the road for future music and navigation broadcasting, allowing entertainment personaliza-
tion and a higher safety rating. As humans were safer and happier in cars, radio engineers worked
on the latest technology: autonomous vehicles.

In 2008, LiDAR technology was put to the test: delivering a pizza via a robotic Prius. The pizza
delivery was a successful mission, prompting the next milestone: the first fully autonomous ride on
public roads. The success of this mission in 2015 led to a significant increase in confidence, accelerat-
ing the transition from R&D products to reliable tools for autonomous cars. After five years of rigor-
ous testing and revisions, Waymo introduced a fleet of autonomous cars in Phoenix, and last year, in
2024, they were introduced in San Francisco.

The radio and automobile industries are highly intertwined, but have not always been this way.
San Francisco’s cable cars are an easy example of transportation before radio. Riding one downtown
and seeing the effort and skill needed by the driver makes one appreciate the comforts and safety
measures given to us by modern radio applications.

18 MWJOURNAL.COM m SEPTEMBER 2025



UNMATCHED DYNAMIC RANGE.
UNMATCHED PERFORMANCE.

VDI's Mini VNAX modules are one-quarter the volume of
standard modules making them well suited for probe station
and antenna measurement applications.

BRIDGING THE
THz GAP
JUST GOT SMALLER.
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Enabling Ubiquitous Automotive
Connectivity with NTNs

Jeremy Carpenter
Myca Communications, Hampshire, U.K.

Chris Keimel

Menlo Micro, Irvine, Calif.

he provision of safety, info-

tainment and convenience

services to vehicle occu-

pants via wireless connec-
tivity is a fundamental design con-
sideration for automotive OEMs, not
only to meet regulatory obligations,
but also as a competitive differentia-
tor in the market. As electric vehicles
become more prevalent, consumer
purchase priorities are migrating
from performance-oriented criteria
to the features available to the user,
such as remote vehicle access and in-
car theatre. This migration is evident
particularly as higher levels of auton-
omous driving are rolled out and the
driver becomes less involved in ac-
tively driving and more engaged in
the consumption of services. Figure
1 shows a visual rendering of auto-
motive connectivity.

Ar [

Visual rendering of a connected vehicle.
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OEMs therefore wish to ensure
seamless user experience for servic-
es and applications, most of which
will run in the cloud and be en-
abled remotely, thereby creating a
software-defined vehicle. Currently,
these services are primarily deliv-
ered via terrestrial cellular networks
(TNs); however, the automotive in-
dustry faces the challenge that sig-
nificant coverage gaps still exist,
particularly in sparsely populated
rural areas in countries such as Aus-
tralia, Canada and the U.S. Further-
more, in instances of TN infrastruc-
ture damage due to conflict or en-
vironmental disaster, non-terrestrial
networks (NTNs) offer communica-
tions resilience. OEMs, government
organizations and industry bodies
such as the 5G Automotive Associa-
tion (5GAA) are actively exploring
MR ez the role that NTNs
R can have in provid-
ing complementa-
ry wireless connec-
tivity in areas with
limited cellular
network coverage.
Olaf Eckart, part-
ner manager at
BMW Group and

NTN Work Item lead at the 5GAA,
succinctly expresses the automotive
industry’s goal: “No connection is
not an option.”

The possibility of operational
NTNs has emerged due to two
fundamental enablers. The first
enabler is the number of technical
developments and the economies
of scale of satellite launchers to
deploy the hundreds of low Earth
orbiting (LEO) satellites in multiple
missions required to form complete
constellations. The second enabler
is the provision for NTN within the
3rd Generation Partnership Project
(3GPP) release 17 (R17) and sub-
sequent releases, which provides a
framework for the implementation
of NTN and its integration with TNs.

The 5GAA has taken the lead
in navigating the path for the au-
tomotive industry to adopt NTN.
It breaks down the use cases into
data rate categories, including nar-
rowband (less than 400 Kbps), such
as telephony, road safety and re-
mote services, wideband (less than
10 Mbps), such as fleet monitoring,
diagnostics and OTA software up-
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dates and broadband (more than 10
Mbps), such as video entertainment
and gaming.

Currently, satellite constellations
such as EchoStar and ViaSat-Inmar-
sat are operational and providing
connectivity to mobile terminals via
loT-NTN. Satellite company Skylo
Technologies currently provides di-
rect-to-device satellite connectivity
to over 5 million subscribers using
specific 3GPP R-17 compliant, com-
mercially available devices, such as
Google Pixel 9 and Samsung Gal-
axy. Furthermore, Starlink, a satellite
internet constellation operated by
SpaceX, has more than 300 Gen 2
satellites in space and has started to
offer direct-to-device NTN service
to LTE smartphones in the U.S. in
cooperation with T-Mobile. Starlink
also delivers broadband wireless to
consumer premises, operating in
the Ku- and Ka-Bands using propri-
etary protocols. However, the signal
attenuation caused by a car prohib-
its in-vehicle operation of the de-
vices. Furthermore, although there
have been many positive feasibil-
ity announcements by OEMs such
as BMW and telematic control unit
(TCU) vendors such as Harman and
MediaTek, there are no available ve-
hicles on the market today that offer
NTN connectivity. The non-availabil-
ity of 3GPP-compliant LEO constel-
lations operating in S-Band around
2 GHz and compatible with existing
automotive wireless connectivity re-
mains a significant barrier.

According to the 5GAA, the first
mass deployment of such services
in automotive can be expected
around 2027. This timing is driven
by the long lead times for chip de-
velopment, integration and valida-
tion. Initial automotive services are
expected to be narrowband use
cases, including safety and fleet
management, such as emergency
calling and stolen vehicle recovery,
implemented within the framework
of 3GPP R17. Subsequently, wide-
band NR-NTN use cases, such as
teleoperated driving support and
internet browsing, are expected in
2029 within 3GPP R17/18. Finally,
broadband NR-NTN use cases, such
as high-definition video streaming
and cloud gaming, are forecast to
start after 2030 at the earliest.

When comparing TNs and NTNs,
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three fundamental technical differ-
ences are apparent. Firstly, there is a
significant difference in the wireless
connection distance. While typical
TN cell sizes are hundreds of me-
ters, LEO satellite sizes can be hun-
dreds of kilometers, and GEO sat-
ellite sizes can reach up to 36,000
km. Secondly, the entire network is
in constant motion. Thirdly, the car-
rier frequencies are more diverse,
covering L-, S-, Ku- and Ka-Bands.
The frequency diversity creates link
budget and latency challenges, ad-
ditional signal propagation fading
considerations and tracking and
bandwidth requirements both on
the vehicle and in the satellite. Fur-
thermore, the operation of NTNs
has several extra dimensions com-
pared with TNs, including cell re-
selection, intra-satellite/inter-beam
handover, inter-satellite handover,
NTN to TN handover and TN to
NTN handover. These extra dimen-
sions present additional design re-
quirements for network architects to
ensure seamless mobility, especially
where individual LEO satellites are
only visible from the ground for a
matter of minutes, and the vehicle
itself could be travelling at 150 km/
hr.

Technology developments re-
quired to complement the current
TN connectivity of vehicles with ad-
ditional NTN connectivity depend
on the specific frequency band and
satellite constellation, as well as the
data rate and latency requirements
of the use case. These break down
principally into changes in the ve-
hicle’s wireless connectivity (TCU
and antennas), the in-vehicle net-
work and enhancements to satellite
beamforming.

The primary module responsible
for external wireless connectivity in
vehicles is the TCU, integrating cel-
lular, non-cellular and navigational
wireless standards including 4G, 5G,
C-V2X and GNSS, as well as con-
necting to the in-vehicle network to
enable services such as telephony,
video streaming and autonomous
driving. For initial implementations
of NTN, the TCU will be required
to integrate a 3GPP R17-compliant
chipset and will be able to lever-
age its existing 5G radio bands. For

example, Skylo is working with Har-
man, a Samsung subsidiary, to en-
able bidirectional emergency mes-
saging in vehicles through Harman'’s
Ready Connect TCU. This allows
for emergency alerts and real-time
weather updates to be delivered
over satellite, which is particularly
useful in disaster scenarios if cel-
lular networks fail. However, com-
mercially available NTN-enabled
vehicles are still unavailable. Fur-
thermore, support of wideband and
broadband use cases requiring Ka-
and Ku-Band connectivity will be a
step change in radio technology for
TCUs and antennas.

The roof-mounted antennas cur-
rently used to connect the TCU to
the outside world already have the
L-Band frequency coverage; howev-
er, the radiation pattern is oriented
to provide connectivity to terrestrial
base stations. Initial studies conduct-
ed by the 5GAA indicate that roof-
mounted omnidirectional antennas
will be sufficient to support S-Band
LEO satellites, and this, along with
integration of next-generation TCUs,
is expected to be the first step in the
hardware changes required to imple-
ment automotive NTN. However, the
more demanding link budget need-
ed to support GEO satellites will re-
quire a phased-array antenna to be
accommodated within the roof of a
vehicle, which presents size, weight
and cost challenges for OEMs. This
implementation, while possible on
a conventional car if an appropriate
antenna is developed, is perhaps
more practical on a commercial or
agricultural vehicle.

In the digital domain, the in-
creased volume of data and more
complex processing associated with
the adoption of wideband NTN use
cases will drive up in-vehicle net-
work bit rates and place increased
demands on the digital signal pro-
cessing executed by domain con-
trollers, zonal controllers and the
central processors.

Matthias Kaestner, corporate vice
president of Automotive Products
Group at semiconductor supplier
Microchip Technology Inc., believes
there needs to be consolidation in
the networking standards used in
vehicles to reduce the burden on
gateways to translate communica-
tions between various protocols
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Three Pillars of Future of Automotive Networks
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A Fig. 2 The three pillars of automotive networks. Credit: Microchip Technology, Inc.

and to create more efficient net-
works. These break down into three
fundamental categories, as shown
in Figure 2, Ethernet to support
scalable and secure digital com-
munications, PCl Express (PCle)
for short-distance, very high speed
SoC interconnections and serializer/
deserializer (SerDes) for cost and
power-efficient asymmetrical com-
munications, such as transmission
of video from a camera or for info-

tainment. Kaestner explains that to
enable the automotive industry to
move forward with software-defined
vehicles, higher levels of autono-
mous driving and new technologies
such as NTN, the existing distribut-
ed network architecture is too bulky
and inefficient, necessitating the
adoption of zonal-oriented architec-
ture, primarily using Ethernet.

As bus speeds increase, already
at 5 GHz for standards such as Multi-

GigBASE-T1 Ethernet and 64 Gbps
for PCle Gen 6, frequencies are in
the microwave domain with all the
associated transients, coupling and
isolation issues familiar to analog
RF designers. As this boundary be-
comes blurred, the linearity and sig-
nal integrity of high speed commu-
nications become more prominent,
and this also applies to the testing
of ICs. Figure 3 shows an illustra-
tion of evolving in-vehicle networks
as a data center on wheels, showing
the shift to centralized computing,
zonal architecture and a high speed
Ethernet backbone, as bus speeds
push into the microwave domain.
The increased number of more
complex sensors, such as high-
definition video and MIMO radar,
required to implement higher lev-
els of autonomous driving and the
consumer requirement for data-rich
infotainment such as streaming HD
video and real-time gaming, are
driving up the volume and data
rates of in-vehicle networks and the
processor power needed in the high
performance computer (HPC). This
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A Fig. 3 lllustration of evolving in-vehicle networks.

also necessitates more complex and faster testing of
the HPC. Current semiconductor-based switches used
to test the HPC do not have the necessary linearity,
speed or isolation for the next generation of HPC with
PCle Gené signals running up to 64 Gbps. Furthermore,
they cannot meet the demands of high-precision DC
parametric test sequences.

Significant research has been conducted in recent
years to develop a new switch category able to address
and support the test and measurement of existing and
next-generation chip-based products advancing high
speed Ethernet, PCle Gené and future generations, as
well as SerDes. The multitude of communication plat-
forms and protocols drives switch technology to great-
er density in smaller form factors and reduces power
consumption to minimize heat while expanding fre-
quency coverage, life expectancy and linearity. Today’s

microelectrome-
chanical systems
(MEMS) switches,
such as those
from Menlo Mi-
cro, deliver lin-
earity of IP3 > 90
dBm and insertion
loss below 1 dB
across a frequen-
cy range of DC to
50 GHz. This per-
formance enables
test capabilities for accuracy and integrity across even
the most demanding IC testing environments. Figure
4 shows Menlo Micro’s platform switch, which enables
high speed digital testing of in-vehicle integrated cir-
cuits, providing the signal integrity, insertion loss and
isolation essential for validating current and next-gen-
eration in-vehicle systems. Figure 5 shows eye diagram
data through the Menlo Micro switch showing 64 Gbps
PAM4 performance.

As Russ Garcia, CEO of Menlo Micro, observes,
“Faster data rates and high speed buses are essential
for next-generation applications, especially edge Al and
automotive connectivity that enable autonomous driv-
ing and other critical services to the car. This is increas-
ing the need for ultra-fast linear testing, not previously
available, for HPCs, xPUs and other semiconductors

A Fig. 4 Menlo Micro's RF platform
switch.
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and loT devices. System-in-
package solutions, based
on MEMS switch technol-
ogy, provide the automotive
ecosystem with a fully inte-

testing solution designed
for demanding high speed
digital applications based
on the latest SoC intercon-
nections, SerDes and PCle
Gen 6 standards.”

Eye diagram data through the Menlo Micro switch.

11:48 AM

Why not try a different
approach hefore you
head to lunch?

Your second hoard is
ready to test.

10:05 AM

Your first hoard is
ready to test.

After a few tweaks,
you're ready to make
your finished hoard.

Your circuit design is
done and you're ready
to make a prototype.

Your finished hoard is
ready to go.

Nice work. You just
shaved weeks off your
development schedule.

All in a day’s work

ProtoMat® Benchtop PCB Prototyping Machine

What would your day look like tomorrow if you could
cut yourself free from the board house and produce
true, industrial quality microwave circuits on any
substrate right at your desk? LPKF’s ProtoMat
henchtop prototyping systems are helping thousands
of microwave engineers around the world take their
development time from days and weeks to minutes
and hours. In today’s race to market, it's like having
a time machine.

“You can’t beat an LPKF system
for prototyping. We do up to
three iterations of a design
within a day.”

LPKF ProtoMat User

(U8R

Laser & Electronics

www.lpkfusa.com/pcb
1-800-345-LPKF

28

grated differential loopback

Moving from the vehicle to the
satellite, one of the primary consid-
erations of satellite design to enable
NTN is the wireless link, and this
places demand on the beamform-
ing. Agile, efficient and effective
beamforming is critical to ensuring
the availability and quality of service
of the NTN communications link.
However, system designers need to
reconcile these requirements with-
out burdening the satellite with an
impractical demand for size, weight
and power. On satellites, switches
fulfill the role of routing signals in
the payload and control the opera-
tion of attenuators and phase shift-
ers that feed phased-array antennas
to manage the beamforming. A
typical satellite may host hundreds
of switches.

Similar performance demands
placed on switches by high speed
digital test needs align with the
needs for chip-scale solutions for
high-power miniature wideband
beamformers. Beamforming is es-
sential for NTN connectivity, with
satellite switches routing signals
and controlling phased-array anten-
nas under strict SWaP constraints
— mirroring performance demands
seen in high speed digital test sys-
tems. For example, a beamformer
typically consumes up to 25 percent
of a satellite’s energy budget. By
replacing the beamformer’s solid-
state switches with MEMS switches
and taking advantage of the favor-
able power consumption and inser-
tion loss, the power consumption
can be reduced to less than 5 per-
cent of the energy budget without
compromising reliability. Further-
more, the frequency range over
which the switch can achieve less
than 1 dB of insertion loss is from
DC to 50 GHz. Linearity issues in
the RF domain degrade the spectral
purity and give rise to unintentional
modulation. Because the linearity
of the MEMS switches can be sev-
eral orders of magnitude superior to
typical solid-state switches, the sys-
tem can operate at higher powers
without significant distortion, thus
improving energy efficiency and the
quality of the service delivered over
the system to end users. It forces a
rethink of the multi-band approach
to payload design towards unified
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ultra-broadband satellite commu-
nication systems as well as beam-
former solutions on future vehicle
platforms. Figure 6 shows an artistic
rendering of satellite-to-car connec-
tivity.

Historically, system engineers
have had to make difficult switch se-
lection decisions, trading off specifi-
cations between electromechanical
relays (EMRs) and solid-state switch-
es, and accepting the associated

compromises. EMRs offer lower in-
sertion loss and higher power han-
dling, whereas solid-state switches
can cover higher frequency ranges
and have longer life expectancy.
Semiconductors, as the name im-
plies, are inherently lossy, which im-
pacts the efficiency and energy bud-
get of the host device, consuming
power and generating heat, even
when in the off state. The compro-
mises inherent in these two options
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A rendering of NTN automotive
connectivity.
create a bottleneck restricting the
migration to the energy-efficient,
compact and low-cost satellites re-
quired for NTN constellations.

For NTN chipset developers,
TCU vendors, OEMs and the satel-
lite supplier, a key challenge is how
to ensure the functionality of mod-
ules and the end-to-end system
without an available operational
network to verify performance. Test
and measurement vendors such as
Rohde & Schwarz fulfill a critical role
by providing test equipment able
to emulate NTNs in the lab. A radio
communications tester such as the
Rohde & Schwarz CMX500, shown
in Figure 7, can emulate the end-
to-end network, including the radio
channel and the core, to provide
comprehensive handover, including
TN to NTN, NTN to TN, intra- and
inter-satellite, as well as interopera-
bility testing of modules and devic-
es from different vendors. The phys-
ical distance from the vehicle to the
satellite causes a very long delay, so
verifying time synchronization is an-
other crucial test performed by the
radio communications tester.

Holger Rosier, technology man-
ager at Rohde & Schwarz, states,
“NTN is the emerging dimension
in automotive connectivity, promis-
ing ubiquitous vehicle connectiv-
ity. How well the ecosystem can
address the challenges of latency,
new frequency bands, the Doppler
effect, fading and integration with
terrestrial networks will determine
the speed at which NTN is adopt-
ed. Validation of antenna design,
transceiver performance, handover
and protocol conformance are es-
sential to ensuring correct operation
of NTN and the applications it will
support.”
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The Rohde & Schwarz CMX500.

The movement of LEO satellites
causes a significant Doppler shift, so
a tester is required to ensure correct
frequency synchronization between
the satellite and the device it serves.
NTN also presents specific test chal-
lenges to verify the propagation of
the signal from ground to satellite
and vice versa. Here, new fading
profiles such as the combination
of atmospheric and terrestrial fad-
ing and the emulation of weather-
specific effects can be integrated
into the test setup, usually provided
by the radio communication tester.
The addition of a GNSS simula-
tor, such as the Rohde & Schwarz
SMBV100B, to the test setup en-
ables GNSS measurements, includ-
ing constellation-specific satellite
ephemerals.

Key test categories include RF,
protocol, application, carrier accep-
tance and interoperability testing.
These tests are conducted by ac-
credited test laboratories within the
industry, adhering to standards set
by GCF and PTCRB for certification
as well as regulatory requirements.
Before an NTN-enabled device
is released to the market, confor-
mance testing is required to ensure
compliance with specific techni-
cal standards, such as those set by
3GPP, ETSI, FCC and ITU.

Vehicle OEMs have the vision of
the always-connected vehicle, par-
ticularly with the migration to high
levels of autonomous driving and
the realization of software-defined
vehicles. However, significant limi-
tations still exist in the coverage
of TNs, so the potential for NTNs
to offer a complementary method
of providing wireless connectivity

to vehicles is be-
ing actively exam-
ined. Key market
enablers are the
commoditization
of satellite launch
technology and the
integration of NTN
into 3GPP, while
key technological
enablers are the
development  of
appropriate vehicle
antennas, upgrade
of TCUs and in-vehicle networks
and the enhancement of satellite
beamforming enabled by advanced
MEMS switches.

As HPC data rates increase to
gigahertz, the boundary between
the digital domain and the RF do-
main becomes blurred, bringing
a requirement for high linearity,
ultra-fast IC testing, which the ap-
plication of MEMS switches can ad-
dress. Network emulation provided
by test equipment vendors is critical
to allow the development of NTN
components, modules and systems
without available operational NTNs.
Although there is considerable un-
certainty in the roadmap for narrow-
band, wideband and broadband
use cases, there is a critical role for
NTNs to provide continuity of auto-
motive connectivity. B

We would like to acknowledge
Menlo Microsystems, Microchip,
BMW Group, Rohde & Schwarz and
the 5G Automotive Association for
their valuable contributions to this
article.
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From Chatbots to Channels:
Why Machine-to-Machine Al Is
the Key to Monetizing 5G and 6G

Armando Montalvo

Digital Global Systems (DGS), Tysons, Va.

s 5G networks mature

and 6G appears on the

horizon, mobile network

operators (MNOs) are
understandably eager to extract
new value from their infrastructure
investments. However, in the pur-
suit of monetization, too many are
chasing the wrong kind of artificial
intelligence (Al). Most of today's
high-profile telco Al initiatives fo-
cus on cost-cutting, replacing cus-
tomer service representatives with
chatbots powered by large lan-
guage models (LLMs). While such
tools are certainly flashy, their im-
pact is primarily confined to the
billing department, not the net-
work.

At Digital Global Systems (DGS),
we see a far more transformative
opportunity — one that not only
reduces operating expenses but
also drives new service revenues.
It is time to shift the conversation
from human-to-machine interfac-
es to machine-to-machine intel-
ligence, where Al enables next-
generation applications through
ultra-reliable  low-latency  com-
munication (URLLC) and dynamic
spectrum optimization. The future
of Al in telecom is not in replacing
call center agents — it is in re-archi-
tecting how the radio access net-
work (RAN) adapts, performs and
creates value at the physical layer.

REAL-TIME INTELLIGENCE FOR
THE PHYSICAL LAYER

Modern wireless networks are
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increasingly software-defined and
virtualized. This architectural flex-
ibility opens the door to embed-
ding Al directly into the signal pro-
cessing chain, especially within the
L1 (physical layer) and L2 layers of
the RAN stack. These are not chat-
bot domains. They are mission-crit-
ical environments where microsec-
ond decisions significantly impact
the viability of applications such as
autonomous vehicles, smart facto-
ries and augmented reality.

Most Al efforts in this space have
relied on traditional channel mod-
eling assumptions — using tapped
delay line (TDL) or cluster de-
lay line models based :
on the idea that the
operator  controls
all RF signals in
the environment.

Under these #

models, embed- J;

ded reference |
signals are uti-
lized to train
deep learn-
ing algorithms,
thereby enhanc-
ing functions such
as channel estima-
tion, equalization
and signal decod-
ing.

However, in today's congested,
contested and increasingly shared
spectrum environments, those as-
sumptions break down. RF environ-
ments now include a diverse mix of
unmanaged signals — from Wi-Fi
and CBRS to military comms and
private 5G — that introduce signifi-
cant uncertainty and noise. Deep
learning models trained in sani-
tized environments often struggle
to generalize, resulting in degraded
performance when it matters most.

THE FOUNDATION OF
REVENUE-GENERATING Al

DGS's patented RF aware-

ness-based Al approach ad-
.. dresses this. Rather than
assuming a clean spec-
trum, this technology
actively senses, iden-
tifies and learns from
the complete set of
RF signals — both
known and un-
known — within
a given environ-
ment. Using exter-
~  nal or embedded

sensors, the system
extracts actionable in-
telligence from real-
time spectrum condi-
tions and feeds it
into a hybrid
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machine learning framework that
includes support vector machines,
convolutional neural networks and
domain-specific knowledge mod-
els.

The result is not just smarter
RAN operations, it's monetizable
performance. DGS’s methodology
enables MNOs to meet the strin-
gent requirements of URLLC ap-
plications and dynamic spectrum
sharing, unlocking new service op-
portunities across verticals. We are
talking about deterministic latency
in manufacturing automation, guar-
anteed throughput for drone traffic
management and seamless hando-
vers for immersive AR/VR experi-
ences in stadiums and smart cities.

MONETIZATION THROUGH
PERFORMANCE GUARANTEES

For example, LLMs might help
a telco save a few dollars per
customer on support calls. RF-
aware machine-to-machineAl, by
contrast, enables entirely new
service classes that command
premium pricing. Consider these
examples:
¢ Smart factories require wireless
networks that guarantee sub-10 ms
latency with 99.999 percent reliabil-
ity. RF-aware Al can continuously
monitor and mitigate interference,
ensuring that these SLAs are met,
even in shared spectrum bands like
the 3.5 GHz CBRS. That translates
into revenue from industrial con-
tracts, not just cost avoidance.
¢ Teleoperated robotics — from
logistics to remote surgery — de-
mands low jitter and high availabil-
ity. Traditional Al models trained in
lab environments cannot respond
quickly enough to the unpredict-
able spectrum dynamics of real-
world deployments. Machine-to-
machineAl adapts in real time,
optimizing transmission paths and
prioritizing critical data flows.
¢ Public safety and defense com-
munications benefit from DGS's
patented ability to detect and clas-
sify non-cooperative signals, in-
cluding interference and potential
threats, in near real time. That kind
of capability is not just valuable, it is
billable, especially in multi-agency
or defense-contracted scenarios.

In these use cases, the value is
not in reducing headcount but in
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creating performance guarantees
that were previously impossible to
meet. Those guarantees are the
foundation of differentiated servic-
es and premium pricing.

FROM STATIC MODELS TO LIVE
LEARNING MACHINES

Conventional channel model-
ing techniques fail in contested
environments because they treat
unknown signals as unstructured
noise. DGS’s RF-aware system re-
jects this oversimplification. In-
stead, we utilize inferential signal
processing and hybrid Al models
to identify patterns in co-channel
activity, infer potential interference
sources and dynamically reallocate
spectrum usage in real time.

This approach draws on a de-
cade of patented innovation in:

e Signal detection and channeliza-
tion by inference processing

e Drone signal recognition via pat-
tern classification

e Blind signal classification using
constant spectral component
analysis

e Prediction of interference patterns
to inform RAN configuration

e Dynamic optimization of RF envi-
ronment sampling.

Critically, this intelligence can be
embedded into the software func-
tions of the radio unit, distributed
unit (DU) or centralized unit (CU),
or integrated into the RAN intelli-
gent controller (RIC) or multi-access
edge computing layers. The result
is a self-optimizing network, not just
in name, but in function. It is a net-
work that does not rely on a central
cloud to make decisions, but one
that responds in the moment, at the
edge, where performance makes or
breaks the service.

REAL MACHINE LEARNING
FOR REAL MACHINES

One of the most significant dif-
ferences between our approach
and the prevailing Al trends in tele-
com is this: We build systems for
machines talking to machines, not
machines impersonating humans.

LLMs are good at parsing lan-
guage but lack the timing, deter-
minism and explainability needed to
operate in real-time, mission-critical
environments. DGS’s RF-aware ma-
chine learning models are designed

with physical layer constraints in
mind. They prioritize computational
efficiency, operate under low size,
weight and power conditions and
adapt to RF changes in millisec-
onds, not seconds.

Furthermore, our Al doesn't
just predict — it acts. By feeding
learned environmental data back
into the scheduling, resource allo-
cation and modulation decisions of
the RAN, we create a closed-loop
optimization cycle. This is what true
“machine intelligence” looks like:
sensing, interpreting and executing
within a dynamic physical system.

4G TO 6G: DEPLOYABLE NOW,
SCALABLE TOMORROW

DGS's RF awareness-based Al
can be deployed today in exist-
ing 4G LTE and 5G O-RAN archi-
tectures using external sensors or
software updates to existing RAN
components. As network opera-
tors transition to vRAN and disag-
gregated architectures, our models
become valuable, enabling perfor-
mance enhancements across DU,
CU and RIC functions without re-
quiring new hardware.

At the same time, DGS's work
is laying the groundwork for 6G,
where native support for shared
spectrum, spectrum sensing and
dynamic allocation will be critical.
By developing and proving out
these capabilities now, we ensure
that MNOs can lead, not lag, when
the 6G wave arrives.

CONCLUSION: THE REAL Al
OPPORTUNITY IS IN THE AIR

The telecom industry is at an
inflection point. It can continue to
chase marginal gains from LLMs that
reduce customer service costs, or it
can embrace a more fundamental
shift — one that enables new busi-
ness models, new service guaran-
tees and new revenue streams pow-
ered by M2M Al

DGS RF awareness-based Al
transforms the network from a stat-
ic delivery mechanism into an intel-
ligent, adaptive service platform. It
is time to move beyond the hype
and focus on where Al truly creates
value: in the airwaves, optimizing
the physical layer and enabling the
next generation of reliable, low-
latency wireless services. R
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OCTAVE BAND LOW NOISE AMPLIFIERS

Model No. reg @Hz)  Gain dB) MIN  Noise Figure @)  Power-out@pide  3rd Order ICP  VSWR
CA01-2110 28 MAX, 0.7 TYP +10 MIN +20 dBm  2.0:]
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20 dBBm  2.0:]
(A24-2111 2.04.0 29 1.1 MAX, 0.95 TYP +10 MIN +20 dBm  2.0:1
(A48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
(A812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 BBm  2.0:]
(A1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20 dBm  2.0:1
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPI.IFIERS

CAOT-2111 04-0.5 28 0.6 MAX, 0.4 TYI +10 MIN +20dBm  2.0:1
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:]
(A12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
CA23-3111 22-24 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 2.7-2.9 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:]
(A34-2110 3.7-42 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A56-3110 54-59 40 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:]
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A13153110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm  2.0:]
(A34-6116 3.1-35 40 4.5 MAX, 3.5 TYP +35 MIN +43dBm  2.0:1
(A56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40 dBBm  2.0:]
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm  2.0:]
CA1213-7110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
(CA1415-7110 14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
(A1722-4110  17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Freq (6Hz)  Gain @8) MIN  Noise Figure @8)  Power-out@pid8  3rd OrderICP  VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TYP + +20dBm  2.0:1
CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20dBm  2.0:]
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:]
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1
(CA02-3112 0.5-2.0 36 45 MAX, 2.5TYP +30 MIN +40dBm  2.0:1
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20dBm  2.0:]
CA26-4114 2.0-6.0 22 5.0 MAX, 3.5TYP +30 MIN +40dBm  2.0:1
(A618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33dBm  2.0:1
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 dBm  2.0:1
(A2184116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20dBm  2.0:1
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30dBm  2.0:1
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 dBm  2.0:1
LIMITING AMPLIFIERS

Model No. Freq GHz)  Input Dynamic Range  Output Power Range Psat  Power Flatness dB VSWR
CLA24-4001 2.0-4.0 -28 to +10 dBm +7 to +11 dBm 2.0:1
(LA26-8001 2.0-6.0 -50 to +20 dBm +14 10 +18 dBm +/ 15MAX  2.0:1
(LA712-5001  7.0-12.4  -211t0+10 dBm +14 10 +19 dBm +/- 1.5 MAX  2.0:]
(LA618-1201  6.0-18.0  -50 to +20 dBm +14 to +19 dBm +/-1.5MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION

Model No. Freg (GH)  Gain (d8) MIN  Noise Figure (@8)  Power-out@P1d8 Gain Attenuation Range VSWR
CA001-2511A  0.025-0.150 21 5.0 MAX, 3. +1 30 dB MIN 2.0:1
CA05-3110A 0.5:5.5 23 25 MAX, T.5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 25 MAX T5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5TYP  +12 MIN 15 dB MIN 1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CA1518-4110A  15.0-18.0 30 3.0 MAX, 2.0 TYP  +18 MIN 20dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS

Model No. Fre(i (6Hz)  Gain dB) MIN N0|se Flgure dB  Powerout@pi8  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm 2.0
CA001-2211 0.04-0.15 24 3.5 MAX 2.2 TYP +13 MIN +23 dBm 2.0:1
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:]
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm  2.0:1
(A002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35dBm  2.0:]
(A004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1
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XQ-67A Demos Autonomy and Datalink
Interoperability During High Desert Flight Test

FRLs XQ-67A, a second-generation Autono-

mous Collaborative Platform (ACP), success-

fully demonstrated integration of govern-
ment reference autonomy during a recent flight test in
the California High Desert.

The flight showcased the integration of government-
owned autonomy on the XQ-67A, paired with active
tactical datalink communications, to enable dynamic
mission execution and real-time coordination with both
crewed and uncrewed systems. The event marked a
major milestone in advancing scalable, modular au-
tonomy and seamless interoperable crewed-uncrewed
teaming (C/U-T).

“This successful test underscores the Defense De-
partment’s commitment to fielding autonomous sys-
tems that can integrate into joint operations using

P o= existing tactical net-
_ - works,” said Mike
7 - y 5 . .
' ’ Atwood, vice presi-
& dent of Advanced
. Programs for Gen-
| eral Atomics Aero-
nautical Systems, Inc.
(GA-ASI). “Govern-
ment-owned auton-
omy on the XQ-67A
is a concrete step
toward deployable,
combat-relevant au-
tonomy that works
with and alongside
crewed platforms.”

During the flight,
the XQ-67A executed test points to validate the inte-
gration of mission systems on the aircraft, including
autonomy, mission computing, networking, power and
thermal management and datalinks. Through a tacti-
cal datalink, the aircraft received real-time updates and
situational data, giving it the ability to coordinate seam-
lessly with crewed aircraft and other autonomous sys-
tems in the future.

The XQ-67A platform, built by GA-ASI under contract
with AFRL, plays a critical role in exploring the platform
sharing approach to achieving scalable affordable mass.
Its performance in this flight test advances the Air Force’s
vision for an integrated autonomous force that can sup-
port and augment current and future crewed platforms.

The successful demonstration in the high desert high-
lights the promise of combining government-owned
autonomy with proven tactical communications infra-
structure. This approach accelerates technology transi-
tion and supports AFRL learning objectives regarding
the integration of mission systems within the context of

For More
Information
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GA-ASI-Jets (Source: General
Atomics Aeronautical Systems)

DefenseNews
Cliff Drubin, Associate Technical Editor I |

the highly relevant XQ-67A testbed.

Al-Powered Technology Revolutionizes
Maritime Surveillance

ockheed Martin has achieved a breakthrough
in Al and airborne surveillance with the po-
tential to detect and track maritime targets
with unprecedented accuracy. In a recent flight test on
the United States’ west coast, the Lockheed Martin en-
gineering teams successfully demonstrated technology
to automatically recognize targets using an Al-powered
synthetic aperture radar (SAR) with embedded sensor
control autonomy.

SAR is the gold standard technology for imaging
targets at sea, like warships, but traditionally requires
manual interpretation of images. Al unlocks the full po-
tential of SAR for enhanced object detection with faster,
more accurate and automated image analysis. By lever-
aging Al-powered SAR target recognition, warfighters
will be able to quickly differentiate a combatant vs. civil-
ian vessel without the need for manual analysis.

“This is a major leap for harnessing Al to help enhance
situational awareness and decision-making capabilities,
with unparalleled threat identification across extended
ranges and all-weather conditions,” said John Clark,

- . senior vice president
of technology and
strategic innovation
at Lockheed Martin.
“We are committed
to continuing to ad-
vance this capability,
including data inte-
gration from mul-
tiple sensors, to cre-
ate more accurate
insights and help the
warfighter make in-
formed decisions in the maritime battle space.”

This groundbreaking achievement, developed by
the Lockheed Martin Al Center (LAIC), Skunk Works®,
and Rotary Mission Systems (RMS) team, is a significant
advancement of situational awareness in maritime tar-
get recognition.

In the demonstration, the SAR automatic target rec-
ognition (ATR) capability, enabled by machine learning
operations (MLOps) tools for rapid retraining, success-
fully classified targets of interest in near real-time. SAR
ATR was coupled with autonomous sensor control,
which re-tasked the radar in real time based on target
detections. This capability was deployed on low Size,
Weight, and Power (SWaP) hardware in the field and
rapid edge processing, without the need for large cloud
compute or ground stations.

SAR Visualization (Source: Lockheed
Martin)

Visit mwjournal.com for more defense news.
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Texas, DARPA to Establish Testbed to Use
Autonomy to Fight Wildfires

ARPA is partnering with the Texas A&M Uni-

versity System’s George H.W. Bush Combat

Development Complex (BCDC) to advance
capabilities for autonomous wildland firefighting. The
initiative will tap key technology developed under the
Aircrew Labor In-cockpit Automation System (ALIAS)
program, which has successfully designed, developed
and demonstrated the ability to retrofit existing aircraft
to enable fully autonomous flight.

“"Working together with Texas, we have an oppor-
tunity to use autonomous helicopters to completely
change the conversation around wildfires from contain-
ing them to extinguishing them,” said Stuart Young,
DARPA program manager for ALIAS.

In its recently passed two-year budget (FY26-27), the
Texas Legislature committed $59.8 million to BCDC to
advance the goal of cost effectively saving more lives
and property during wildland fires. “We see it every
year. Texas gets more than its share of disasters, and we
at the Texas A&M System promise to continue our work
to leverage the latest technologies and innovative ideas
to make our great state as safe as possible,” said Glenn
Hegar, chancellor of the Texas A&M University System.

DARPA's Commercial Strategy Office, which works to

transition breakthrough technologies to market for both
commercial and defense applications, has facilitated re-
sources to support software application development,
high-fidelity simulation environments and testbed inte-
gration for using ALIAS to fight wildfires.

“Partnering on a testbed at the state level pro-
vides an unparalleled opportunity to rapidly field new
technology and ensure outsized impact to Americans
both in and out of uniform,” said DARPA Director
Stephen Winchell. “The solutions achieved through
collaboration with the BCDC support both economic
and national security while demonstrating complex
fully autonomous capabilities in challenging real-world
conditions.”

The ALIAS automation toolkit, MATRIX, was built and
is maintained by Sikorsky as the lead performer on the
ALIAS program. In the past year, Sikorsky led proof-of-
concept demonstrations of autonomous fire suppres-
sion in California and Connecticut using MATRIX and a
commercially developed wildfire software solution.

“ALIAS helps us with a manpower problem, since
it addresses and augments the pilot availability issues
through the optional autonomy. It helps us with safety,
because we can fly in more dangerous conditions. It
helps us with throughput, because we can get more wa-
ter on fires by fighting them 24/7, including when they're
most vulnerable; the sensors can see through smoke and
darkness, so we can fight fires at night,” said Young.
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Nearly US$1 B Dollars Flow into
Automotive Radar Startups

ccording to IDTechEx’s latest report, ”Auto-

motive Radar Market 2025-2045: Robotaxis

& Autonomous Cars,” newly established ra-
dar startups worldwide have raised nearly US$1.2 B over
the past 12 years; approximately US$980 M of which is
predominantly directed toward the automotive sector.
Through more than 40 funding rounds, these compa-
nies have driven the implementation and advancement
of radar technologies in key areas such as autonomous
driving and advanced driver assistance systems (ADAS,).
The funding peak occurred in 2021 and 2022, pro-
pelled by the surge in robotaxis and Level 4/5 autono-
mous driving. While there has been a modest uptick in
2024, investment levels are unlikely to reach the previ-
ous highs.

This influx of capital can be attributed to three key
drivers. First, the automotive industry’s growing de-
mand for safety and robust environmental perception
highlights radar's all-weather, high-reliability detection
capabilities. Second, the rise of electric vehicles and ro-
botaxis has opened up broader application scenarios
for radar. Finally, emerging technologies such as 4D im-
aging radar, high-resolu-
tion radar and radar-on-
chip solutions continue
to improve sensing ac-
curacy and data fusion,
maintaining  long-term
investor confidence in
the radar market.

During this funding
wave, companies like
Arbe, Uhnder and Mobileye have taken the lead by
launching multiple high performance radar products.
These solutions use innovations such as high-resolution
sensing and digital beamforming (DBF), leading to no-
table gains in detection accuracy and processing speed.
Concurrently, advancements in semiconductor manu-
facturing have decreased production costs, enabling
OEM s to integrate radar systems into premium models
and across a broader range of mass-market vehicles.

Although the 2021-2022 funding boom has cooled,
2024 remains a critical year for potential investor ac-
tivities. IDTechEx projects that radar technology will
move into a “practical development” phase, wherein
mass-production orders and more mature autonomous
driving business models catalyze the next growth cy-
cle. Industry players must address challenges in three
key areas: technology innovation — such as 4D imag-
ing, ultra-wideband and multi-functional integration;
cost control — ensuring high performance while con-
tinuously reducing costs; and commercial adoption —

For More
Information
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Radar in ADAS
systems has expanded

dramatically in the
last two decades.

CommercialMarket
Cliff Drubin, Associate Technical Editor

forming close partnerships with Tier 1 suppliers and
OEMs to facilitate large-scale deployment.

Previously, radar’s limited vertical resolution often led
to misdetections in scenarios like overpasses. When a
vehicle is parked under a bridge, conventional 3D ra-
dars might merge the overpass structure with the car’s
roof into a single detection, causing the system to mis-
judge clearance and overlook collision risks. As the
industry shifts toward higher-level autonomy, vehicles
must accurately distinguish bridges, other vehicles and
pedestrians — potentially hundreds of meters ahead —
and respond safely.

To address these challenges, startups and Tier 1 sup-
pliers are expediting the development of 4D imaging
radar. Compared to 3D radar, 4D imaging radar offers
more granular object data across horizontal, vertical,
depth and velocity dimensions. Leveraging multi-an-
tenna arrays and digital beamforming (DBF), 4D radars
significantly enhance spatial resolution and object clas-
sification, reducing false alarms and missed detections
in complex traffic conditions.

IDTechEx’s review of automaker brochures over the
past 25 years shows that the use of radar in ADAS sys-
tems has expanded dramatically in the last two de-
cades. A decade ago, radar-enabled features like adap-
tive cruise control (ACC) were limited to luxury models.
Today, with decreasing sensor costs and tighter safety
requirements from organizations such as NCAP, func-
tionalities like automatic emergency braking (AEB) and
blind spot detection (BSD) have become increasingly
prevalent. In 2023, 71 percent of newly sold vehicles are
equipped with AEB — a 16 percentage point increase
over 2020 — while ACC adoption reached 55 percent,
up from 52 percent in 2022 and 40 percent in 2020.
BSD usage has also climbed from 28 percent in 2020
to 40 percent in 2023. These figures reflect consumers’
growing focus on safety, and efforts by OEMs and sup-
pliers to bring more advanced radar sensing solutions
to a broader range of vehicle segments.

Of particular note is BSD's trajectory toward 360-de-
gree monitoring, which requires multiple short-range
radars placed around the vehicle and is complemented
by forward radar to enable safety features such as Pe-
destrian Automatic Emergency Braking in more com-
plex scenarios. IDTechEx anticipates strong growth for
radar-driven ADAS and autonomous functions in the
coming years, offering substantial opportunities across
the automotive value chain.

The IDTechEx report, “Automotive Radar Market
2025-2045: Robotaxis & Autonomous Cars,” provides a
comprehensive analysis of the global automotive radar
landscape, covering radars for autonomous cars and
robotaxis, long-range radar, short-range radar, radar
cocooning, 4D imaging radar, high-channel-count ra-
dars, semiconductor technologies for radar, waveguide
antenna and detailed market forecasts.

Visit mwjournal.com for more commercial market news.
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Global NTN and D2C Market Revenue to
Grow as Tech Giants, Satellite Operators
and MNOs Transform Global Connectivity

he Non-Terrestrial Networks (NTN) and Di-

rect-to-Cellular (D2C) market is entering a

transformative phase in 2025, driven by stra-
tegic advancements from Apple, SpaceX, AST Space-
Mobile, satellite operators, and mobile network opera-
tors (MNOs). ABI Research forecasts that the NTN-D2C
segment will potentially reach US$25 billion in service
revenues by 2035, with over 200 million connections.

“The D2C market is experiencing a seismic transfor-
mation, with industry leaders such as Apple, SpaceX,
and AST SpaceMobile driving satellite-enabled connec-
tivity into the consumer mainstream,” explains Victor
Xu, Industry Analyst at ABI Research. “Apple’s strategic
control of 85 percent of Globalstar's network capacity
is a groundbreaking move, enabling the company to
deliver reliable satellite services while laying the foun-
dation for more advanced satellite-based applications
across its ecosystem of devices.”

Apple’s partnership with Globalstar, starting with a
US$450 M investment in 2022 and an additional US$1.5
B in 2024, has established Apple as a leader in con-
sumer satellite services. Key features include Emer-
gency SOS, Roadside Assistance, Messages and Find
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My App for off-grid sharing. Looking ahead, Apple may
introduce tiered satellite messaging and AirTag track-
ing subscriptions, potentially bundled with Apple One.
This partnership aims to extend SatCom capabilities
to iPads, Apple Watches and MacBooks, expanding
satellite technology’s reach into outdoor and rugged
device markets. This strategic move could also lead to
new ruggedized devices designed for extreme environ-
ments, aligning with Apple’s ecosystem-driven strategy
and positioning the company in emerging markets for
satellite-enabled consumer devices.

SpaceX has also emerged as a key player in the D2C
space. It deployed over 330 D2C satellites in 2024, using
eNodeB modems to enable direct LTE connectivity with
smartphones. With partnerships across major MNOs, includ-
ing T-Mobile, KDDI, Optus, Kyivstar, and Rogers, SpaceX is
leading in satellite-to-phone connectivity globally.

AST SpaceMobile, like SpaceX, has formed partner-
ships with over 45 MNOs, including AT&T, Vodafone,
and Telefénica, covering around 2.8 billion users. These
alliances boost AST SpaceMobile’s global scalability. The
growth of the D2C market is further supported by regu-
latory advancements like the FCC's Supplemental Cov-
erage from Space (SCS), enabling satellite operators to
use terrestrial spectrum. Partnerships between satellite
operators and MNOs, such as SpaceX, T-Mobile and AST
SpaceMobile, will benefit from SCS, allowing seamless
satellite-terrestrial network integration and opening new
consumer markets and revenue opportunities.

LI

TT] Trans —TQCh @ M deinthe USA | & s les@tr ns-techinc.com | @ www.tr ns-techinc.com

44

MW]JOURNAL.COM m SEPTEMBER 2025



(&) Nxbeam
Ku/ Ka/ V/ E-Ban

Power Am

MMICs

MMIC Die:

NPA1020-DE
NPA2020-DE
NPA2001-DE
NPA2002-DE
NPA2003-DE
NPA2004-DE
NPA2030-DE
NPA2040-DE

f

Ku/Ka-Band MMIC Die and Packaged MMI

12.5 - 14.5 GHz
23.0 - 25.0 GHz
26.5 - 29.5 GHz
27.0 - 30.0 GHz
27.5-31.0 GHz
25.0 - 27.5 GHz
27.5-31.0 GHz
27.5-31.0 GHz

15W
10 W
35W
35W
35W
40 W
20 W
10W

QFN Packaged MMICs:

NPQ2101-SM
NPQ2103-SM
NPQ2105-SM
NPQ2107-SM

27.5-31.0 GHz
27.5 -31.0 GHz
27.5-31.0 GHz
27.5-31.0 GHz

Contact Nxbeam for Flange
Packaged Options

plifier

Maximized performance for
linear power applications

N

5W
8W
12 W
15W

" /77812

V-Band MMICs

MMIC Die:

NPA4000-DE 47.0 - 52.0 GHz
NPA4010-DE 47.0 - 52.0 GHz

© Copyright 2025 Nxbeam //

1.5W
3.0W

E-Band MMICs

MMIC Die:

NPA7000-DE 65.0 - 76.0 GHz

N

nxbeam.com //

1.0W

info@nxbeam.com




Aroundthe Circuit

MERGERS & ACQUISITIONS

Narda-MITEQ has been acquired by the publicly trad-
ed electronics manufacturer Amphenol Corporation in
May 2025. Narda-MITEQ is a leader in the design and
manufacture of advanced RF and microwave compo-
nents and subsystems used in military, space and com-
mercial applications. Amphenol designs, manufactures
and markets electrical, electronic and fiber-optic con-
nectors, interconnect systems, antennas and specialty
cables that are used by OEMs, defense contractors,
telecom providers and automotive suppliers in the mili-
tary, aerospace, industrial, automotive and broadband
sectors.

COLLABORATIONS

OKI, in collaboration with NTT Innovative Devices
Corporation, has established mass production technol-
ogy for high-power terahertz devices using crystal film
bonding technology for heterogeneous material bond-
ing to bond indium phosphide-based uni-traveling car-
rier photodiodes onto silicon carbide with excellent
heat dissipation characteristics for improved bonding
yields. Terahertz devices are anticipated to play a core
technology role in supporting high-capacity low-latency
communications for the next-generation 6G communi-
cation standard and high-precision non-destructive in-
spection for improved safety. Based on these results,
both companies are working on product development,
aiming to start mass production in FY2026.

ACHIEVEMENTS

Quantic Wenzel has earned AS?100D certification for
its quality management system at its Austin, Texas, facil-
ity. The certification reinforces Quantic Wenzel's ability
to meet stringent customer requirements and deliver
consistent, ultra-low phase noise frequency control and
timing products. This achievement builds on a legacy of
aerospace excellence. Thirty years ago, Quantic Wenzel
delivered its first space-qualified oscillator, a milestone
that laid the foundation for decades of innovation.
Since then, Quantic Wenzel’s products have supported
shipborne radar, airborne electronic warfare systems
and some of the world’s most advanced scientific re-
search programs.

SV Microwave announced it has been named Man-
ufacturer of the Year in the Trailblazers category by
the South Florida Manufacturers Association (SFMA),
along with having eight employees nominated for
Employee of the Year. A company must have 131 to
199 employees to be eligible for the Trailblazer cat-
egory. The company also celebrates the achievements
of Evan Bensemana and Lideivy Gonzales Cruz, who
were recognized as Employee of the Year in the Engi-
neering (Bensemana) and Production (Gonzales Cruz)

For More
Information
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Barbara Walsh, Multimedia Staff Editor

categories, respectively, at this year’s Recognition of
Excellence Ceremony.

NEOTech announced that its Westborough, Mass., fa-
cility has successfully completed the rigorous AS9100
Bi-Annual Surveillance Audit with zero findings, a tes-
tament to the company’s unwavering commitment to
quality, security and operational excellence. AS9100
is the aerospace industry’s gold standard for quality
management systems, encompassing stringent require-
ments to safeguard the integrity, reliability and trace-
ability of mission-critical components. NEOTech's per-
formance in this latest surveillance audit confirms that
its processes continue to meet or exceed the most
demanding standards required by top aerospace and
defense OEMs.

CONTRACTS

Filtronic has been awarded a new contract to supply
filter and diplexer assemblies to Airbus Defence and
Space, supporting the production of additional satel-
lites for Eutelsat OneWeb. The contract will see Filtronic
deliver flight sets in 2026, as part of efforts to expand
the OneWeb low Earth orbit (LEO) satellite constella-
tion. Built by Airbus in Toulouse, these satellites will
contribute to Eutelsat OneWeb's mission of deliver-
ing global broadband connectivity. Eutelsat OneWeb,
formed in 2023 through the merger of Eutelsat Com-
munications and OneWeb, is the world's first fully inte-
grated satellite operator combining geostationary orbit
and LEO satellite technologies.

PEOPLE

' — ¥ Naprotek, LLC announced that James
@ Eisenhaure has been appointed chief
.’ g financial officer. Eisenhaure has been
serving as interim CFO since earlier
this year and now formally steps into
the role. During his interim tenure,
Eisenhaure played a key role in leading
A Jomes the company through ‘ghe sgccessfgl
Eisenhaure ClOseout of its FY2024 financial audit.
His leadership and collaboration across
teams ensured a smooth and timely process, reinforcing
Naprotek’s commitment to operational discipline and fi-
nancial transparency. Eisenhaure brings a strong back-
ground in financial operations, with prior leadership roles
at Insurcomm, Cirtec Medical and Metrigraphics.

Accumet Engineering Inc. has an-
nounced the promotion of Diana To-
runo to general manager. A long-
serving manufacturing expert at the
company, Toruno brings decades of
experience in precision manufactur-
ing operations. Her leadership has
A Diana Toruno been integral to maintaining and
growing Accumet’s technical and

manufacturing capabilities and advancing its quality-first
manufacturing culture. Diana is the embodiment of the

For up-to-date news briefs, visit mwjournal.com
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American success story. Originally from Colombia,
she began her journey at Accumet in the processing
department and had steadily advanced by embracing
greater technical and managerial responsibilities at
every step.

REP APPOINTMENTS

Altum RF announced a sales representative agree-
ment with RF Alliance, covering customers located in
New Jersey, New York and east Pennsylvania. Found-
ed in 2005 with headquarters in West Milford, N.J.,
RF Alliance specializes in technical knowledge and
support of RF, microwave, mmWave, frequency con-
trol and analog components. RF Alliance has exper-
tise and solid relationships across various RF markets
and applications including telecommunications, sat-
ellite, test and measurement, defense and aerospace
markets.

ERZIA announced a new strategic partnership with
ACETEC, naming them the exclusive ERZIA repre-
sentative for Southern California. With over 30 years
of experience, ACETEC has built a strong reputation
as a trusted representative and technical sales leader
in the RF, microwave and test equipment industries.
Known for their deep industry expertise, responsive
service and long-standing customer relationships,
ACETEC is ideally positioned to expand ERZIA's foot-
print in one of the most dynamic technology regions
in the world.

Insight SIP announced it has signed a distribution
agreement with New Yorker Electronics. Founded
in 1948, New Yorker Electronics is a third-generation,
family-run distributor that serves customers in the de-
fense, aerospace, automotive, medical, loT and en-
ergy industries. The company maintains a wholly U.S.-
based staff across its offices in New Jersey and Texas.
Insight SIP is a pioneer in ultra-miniature RF modules,
delivering highly integrated module solutions for
Bluetooth, Wi-Fi, ultra-wideband and LoRA. Their in-
novative modules enable compact, high performance
designs suitable for a wide range of industries, with a
strong focus on loT solutions.

Samtec Inc. has announced it has signed Richardson
RFPD as an authorized distributor of the full line of
Samtec’s RF cable and connector products, including
the new family of distinctive orange Nitrowave™ high
performance microwave cable assemblies that are
phase and amplitude stable with flexure. Richardson
RFPD, an Arrow Company, is an award-winning dis-
tributor known for its industry-leading expertise in RF
and microwave products, providing system designers
with a range of specialized components and expert
design support. Richardson RFPD has over 400 em-
ployees and more than 35 locations across the globe,
and regional distribution hubs in Asia, Europe and
North America.
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Optimizing Satcom FPA Design
with Integrated AiP/SiP Chipset

E. Lourandakis, A. Katsounaros, P. Fioravanti, G. Kontogiannopoulos and C. McMahon
Circuits Integrated Hellas SA, Attica, Greece

he rapid expansion of global sat-

ellite communication (satcom) sys-

tems,! especially with the growing

deployment of LEO satellite con-
stellations, has created an urgent need for
advancements in active antenna technolo-
gy.2 Flat panel antennas (FPAs) are critical for
delivering reliable, high speed connectivity
and have been heavily investigated over the
last few years.3 Current silicon-based designs
for the phased antenna array face a radiated
power per element bottleneck that causes
upscaling of the array sizes to meet the
transmit (Tx) link metrics. Circuits Integrated
Hellas (CIH) has developed a groundbreak-

Beamformer IC

ing approach to address these
limitations by integrating Ill-V

compound  semiconductors
with silicon technologies with-
in a unified 3D package.* Het-
erogeneous IC integration has
attracted noticeable traction
over the last few years,> and
CIH's approach allows users
to integrate components like
power amplifiers (PAs), phase
shifters and splitters within a

unique, compact configura-

A Fig. 1 Conceptual diagram of 2 x 2
phased array antenna.

50

tion. To date, no other com-
mercial offering integrates

l1I-V compound semiconductors and silicon
ICs within a unified 3D system-in-package
(SiP) and antenna-in-package (AiP) platform
for FPAs. This article explores the technol-
ogy and why it enables an unprecedented
level of miniaturization, efficiency and cost-
effectiveness.

PHASED ANTENNA ARRAY

In its simplest form, a phased antenna
array for Tx operation is an antenna array
where the individual elements are placed
on a M2 grid, where X\ represents the free
space wavelength of the transmitted elec-
tromagnetic wave. An RF signal is equally
distributed to each antenna branch, where
its amplitude and phase are selectively ma-
nipulated by a typically silicon circuit with
the collective term of beamformer IC, as
shown in Figure 1. A 2 x 2 phased antenna
array building block can be used to imple-
ment larger antenna arrays, depending on
the transmission link needed for a specific
satcom link.

CIH designs performant Ill-V components
that fit the N/2 array required in FPAs for
ultra-high performance. This capability is at
the core of the 3D heterogeneous integra-
tions targeted in CIH's development road-
map. The CIH solution involves integrating
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Silicon

arrays and Figure
2b shows a con-
ceptual diagram of
heterogeneous SiP
integration.
Kythrion mod-
ules are intended
for both transmit

Gold

and receive opera-
tion, as shown in

Figure 2, featur-

ing an integrated
dual-band antenna

with switchable
right-handed  cir-
= cular  polarization

(RHCP) and left-
handed circular po-
larization  (LHCP),
supporting flexible
link configurations
across diverse or-

(b)

bital regimes. They

A Fig. 2 Conceptual diagram of a) Kythrion architecture and

b) 3D IC SiP integration.

high performance compound semi-
conductors (I11-V) such as GaAs and
GaN with silicon substrates in a 3D
configuration, creating a unified,
compact SiP/AiP structure called
the Kythrion™ platform.

WHAT IS KYTHRION?

Kythrion is a family of highly in-
tegrated AiP beamforming modules
designed to significantly enhance
the performance and compact-
ness of electronically steered ar-
rays for space and ground-based
satcom systems. Kythrion modules
offer shared Tx/receive (Rx) aper-
tures, multi-beam capability and
ultra-fine control with 8-bit phase
and gain resolution. With power-
efficient analog front ends, on-chip
telemetry and beam memory, Ky-
thrion enables compact terminals
with size, weight, power and cost
(SWaP-C) metrics, achieving up to
36 dBm Tx output power and sub-
1 dB receiver noise figures. These
modules are tailored for next-gen-
eration FPAs for which performance
per area, integration and fast beam
agility are mission-critical. Figure 2
shows a conceptual architecture of
the Kythrion 3D IC heterogeneous
integration platform, where Figure
2a demonstrates the architecture
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include on-chip de-
coupling capacitors
and electrostatic
discharge (ESD) protection, are fully
DC and RF tested at wafer level to
ensure compliance with stringent
electrical specifications and incor-
porate solutions for enhanced reli-
ability and moisture ruggedness.
Housed in low-temperature cofired
ceramic (LTCC) packages with low
thermal resistance, the modules en-
able PCB integration and reduced
time-to-market, making them ideal
for mission-critical satellite terminals
and scalable RF front-end architec-
tures.

ENABLER 1: ANTENNA-IN-
PACKAGE

AiP is a technology used to in-
tegrate an antenna directly into a
semiconductor package, such as a
system-on-chip (SoC), to save space
and improve performance. This
technology uses advanced packag-
ing techniques to place the antenna
near the RF circuitry. The antenna
is typically designed to operate at
a specific frequency band and has
a certain polarization, depending
on the application. Most commer-
cial satcom take place in the Ku- or
Ka-Band. The Ku-Band is usually
selected for television broadcasting
and data communication, whereas
Ka-Band is used for high data rate

communication links and broad-
band satellite services. Circularly
polarized antennas are desirable
in terms of polarization since they
maintain communication between
the transmitter and receiver, regard-
less of their relative orientation, and
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A Fig. 3 (a) Single antenna radiation
pattern (b) 4 x 4 antenna array radiation
pattern (c) S-parameters of a single
antenna (d) top view of a 4 x 4 antenna
array.
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A Fig. 4 Tx antenna array sizing analysis.

are excellent for mobility, weather
penetration and reduction of mul-
tipath reflections.

CIH has developed a compact,
single-aperture antenna element
that integrates dual-band and dual
polarization capabilities within a
streamlined form factor. This ad-
vanced design supports simulta-
neous Tx and Rx operation, en-
abling full-duplex functionality and
enhanced system efficiency. The
element also provides circular po-
larization, making it well-suited for
applications that demand robust
performance in multipath and dy-
namic environments.

Building on this core technology,
CIH has also engineered a Tx/Rx 4 x

DIMINISHING SOURCES
OF SUPPLY (DMSSS)
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4 antenna array based on the same
dual-band, dual polarization ele-
ment architecture as shown in Fig-
ure 3. Figure 3a shows the radia-
tion pattern of a single Tx/Rx anten-
na array and Figure 3b shows the
radiation pattern of a 4 x 4 antenna
array. Figure 3c shows the S-param-
eters of a single Tx/Rx antenna and
Figure 3d shows a top view of a 4
x 4 Tx/Rx antenna array. This scal-
able array solution offers integra-
tion density, improved beamform-
ing flexibility and superior isolation
between channels, making it ideal
for next-generation communication
systems, including 5G, satellite and
advanced radar platforms.

 HYBRID COUPLERS
LOW PIM PRODUCTS

.\ ADAFTERS & CABLES

ENABLER 2: HETEROGENEOUS
INTEGRATION

For sizing an antenna array, as
shown in Figure 4, CIH assumes a
single patch antenna element has a
gain of approximately 6 dBi, which
is a typical value for microstrip patch
antennas. Equation 1 shows the
calculation for the theoretical gain

of the antenna array G, -

Garray = 10'0910(’\’ * 10 130'”) (1)

Where:

N is equivalent to the number of
elements

G is equivalent to the gain of an
element in dBi

For example, when targeting an
effective isotropic radiated power
(EIRP) of 49 dBW, which is typical
for a good uplink connection, we
may formulate the total RF power
(RFgower) Nneeded from the antenna
array using Equation 2.

RFpower(dBm) = EIRP( dBW) +
Losses(dB) + 30 2)

From the generated total RF pow-
er of the array, the power associated
with the PA circuitry can be calculat-
ed using Equations 3, 4 and 5.

PApower(dBm) = RFpower(dBm) -

Goarray (dBI) (3)
PAelement(VV) =
PA ower B
o
T000N (4)

DC BLOCKS

BIAS TEES

_ - DIRECTIONAL COUPLERS
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PAciement ( dBm) =

PAeIement(VV)
10 |0910W 5)

Following this chain of calculations, an antenna array
size can be derived for each specific EIRP level required
to maintain a good satcom link. An array size analy-
sis graph is presented in Figure 4 for EIRP = 49 dBW,
which is a typical Tx metric for a satcom uplink.

A traditional silicon-based array requires a 34 x 34
element configuration at 15 dBm per element, while an
equivalent GaAs llI-V enabled array achieves the same
performance with just 25 x 25 elements at 20 dBm
each, reducing the area by approximately 54 percent.
Further optimization of the IlI-V parts reduces this area
to 16 x 16 elements at 28 dBm, or about 22 percent of
the silicon-based area, at a cost 40 percent lower than
the silicon solution.

ENABLER 3: WAFER-LEVEL PACKAGE FOR llI-V
MMIC SIP

To achieve the integration levels required for FPAs,
the CIH design approach departs from traditional com-
pound llI-V distributed components, favoring lumped
passive components with improved back-end-of-line
(BEOL) capabilities.

A differential unit amplifier, as described in Figure
5, was designed based on a mix between transformer-
based and distributed passive component design that
minimizes area with minor loss of performance. Addi-
tionally, through-silicon vias (TSVs) are employed to en-
able low loss, low-inductance RF routing off the chip.®

Figure 6 shows the wafer-level chip-scale package
(WLCSP) experimental results for GaAs TSV RF transi-
tions of an assembled test chip on a PCB. Further, the
measured and simulated S-parameter response of a
THRU line on the GaAs WLCSP test chip is presented.
The entire chain, from PCB pad through the TSV and
transmission line on the GaAs chip in a back-to-back
configuration, is measured and found to exhibit 0.2 dB

. ngh Performance

50 Q --> Z;, prePA | Zopt1 > Zint Zint --> Zin PA | ZoptZ ->500

Vds
IN 1 ouT
% Vgs “
e\ %
Vgs
=
Vds

A Fig. 5 PA topology for lll/V MMIC design.
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A Fig. 7 Tx unit module for polarization
control.

of insertion loss at 30 GHz. This low
loss transition allows for compact
MMIC design of RF circuits.

The design balances area optimi-
zation with performance retention,
supported by TSV-enabled pro-
cesses and air-bridge transitions. As
can be seen from the de-embedded
measurements, where the electrical
reference plane is positioned di-
rectly below the TSV transition on
the PCB level, the insertion loss of a
THRU transition remains below 0.2
dB up to Ka-Band frequencies.

ENABLER - ARCHITECTURE
EXAMPLE: IQ SWITCH FOR
POLARITY CONTROL

One of the Kythrion variants,
based on a Tx antenna element
with dual polarization controlled
by a dual-output amplifier switch
module,” allows for a Tx phased
antenna array with controllable
right-handed or left-hand circular
polarization. The conceptual archi-
tecture is shown in Figure 7, where
circuitry at the input of the ampli-
fier is used to manipulate the | and
Q components of the Tx signal.
Depending on the configuration
of the SPDT switch, the | and Q or
Q and | signal constellations in the
two PA branches are being ampli-
fied and fed to the Tx antenna re-
sulting in either RHCP or LHCP.

Establishing RHCP or LHCP radi-
ation at the antenna adds significant
functionality to an antenna array
based on such controllable RHCP/
LHCP elements, since the uplink
quality of the Tx antenna array can
be controlled in real time for objects
moving between satcom cells sup-
porting either RHCP or LHCP radia-
tion.

CONCLUSION

This work presents a pioneering
approach to phased array antenna
integration, achieved through the
unique co-design and 3D packaging
of Ill-V compound semiconductors
with silicon technologies in a single
SiP and AiP module. The engineer-
ing effort behind this platform has
enabled experimental validation of
key building blocks — demonstrat-
ing industry-leading miniaturization,
low loss transitions and substantial
reductions in array size and cost
compared to conventional solu-
tions. The architecture’s features are
patent-pending.

While the technology is currently
in the advanced prototype and ex-
perimental validation phase, the re-
sults underscore the transformative
potential of this platform for next-
generation satcom. These advances
are the result of a multidisciplinary
team and a sustained commitment
to innovation in RF and packaging
design. &

I
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t RF and microwave frequencies,

a real-life surface-mount multi-

layer ceramic capacitor (MLCC)

behaves differently from an ideal
capacitor. This difference can be attributed
to the internal parasitic elements associated
with real-life components. As a result of these
elements, MLCCs typically exhibit resonanc-
es at specific frequencies. External aspects,
such as the substrate and the dimensions of
the solder pads on the printed circuit board
(PCB), also influence performance. To ac-
curately simulate the behavior of a real-life
capacitor, a suitable model is required. One
solution for capacitor models comes from
Modelithics, which offers equivalent-circuit

=T ——— .
| @] seanaverens I MSwb

S0 1 Cote

(c)

g

A Fig. 1 (a) Ideal 1.5 pF model, (b) simplified model of a real-
world 1.5 pF and (c) the Modelithics Microwave Global Model
for the YAGEO CQO0100 capacitor series.

models for capacitors, inductors and resis-
tors from many manufacturers. These mod-
els, known as Microwave Global Models™,
scale with respect to part values, substrates
and solder-pad dimensions. By using these
models, it is possible to observe how these
resonances depend on factors such as case
sizes, substrates and solder-pad dimensions.

CAPACITOR BASICS

Ideal capacitors differ from real-life ca-
pacitors in multiple ways. Figure 1 shows a
simple project in Keysight Advanced Design
System (ADS) that includes both an ideal 1.5
pF capacitor model (Figure 1a) and a simpli-
fied model of a real-world 1.5 pF capacitor
(Figure 1b). This simplified model is a fre-
quently used representation that includes
the nominal capacitance, equivalent series
resistance (ESR) and equivalent series induc-
tance (ESL). It is referred to as a simplified
model because a real-world MLCC has addi-
tional elements that are not included in this
model. The project shown in Figure 1 also
consists of the Modelithics Microwave Glob-
al Model for the YAGEO CQ0100 capacitor
series (Figure 1c).

Since an ideal capacitor is simply a pure
capacitor with no additional elements, its
total impedance is equal to the capacitive
reactance given by Equation 1:
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A Fig. 2 (a) Impedance of the ideal capacitor (black trace) and
the simplified capacitor model (purple trace). (b) Impedance of

the ideal capacitor (black trace) and the Modelithics model (red
trace).

1
= 27fC M
where:
f = frequency (Hz)
C = capacitance (farads)
The total impedance of the simplified real-world ca-
pacitor is given by Equation 2:

Z=/(ESRY + (XL- X} ()

where:
ESR = equivalent series resistance
X, = inductive reactance (from the ESL)
Xc = capacitive reactance (from the nominal capaci-
tance)
Note that inductive reactance is given by Equation 3:

XL = 2xfL 3)

where:
f = frequency (Hz)
L = inductance (henries)

Xe

SIMULATING THE SELF-RESONANT FREQUENCY

In Figure 1, the simplified real-world capacitor has a
nominal capacitance of 1.5 pF along with an ESR of 580
mQ and an ESL of 0.19 nH. The simplified real-world
capacitor is a series RLC circuit. For a series RLC cir-
cuit, the capacitive reactance and inductive reactance
have an equal magnitude at a specific frequency. This
frequency, known as the resonant frequency, is given by

MW]JOURNAL.COM m SEPTEMBER 2025
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Equation 4:

1
27y LC

Hence, a capacitor has a resonant frequency of the
same form. This frequency, known as the capacitor's
self-resonant frequency (SRF), is given by Equation 5:

1
fsrr = e JESLIC ©)

The SRF decreases as the capacitance increases. Ad-
ditionally, the capacitive reactance and inductive reac-
tance have equal magnitude at the SRF. Hence, at the
SRF, the total capacitor impedance reaches a minimum
value that is simply equal to the ESR (as shown in Equa-
tion 2). Equation 5 is used to calculate an SRF of ap-
proximately 9.4275 GHz for the simplified real-world
1.5 pF capacitor shown in Figure 1.

Modelithics models capture substrate-dependent
parasitic behavior and offer advanced pad features,
among other capabilities. The CQO0100 series is an
MLCC series (01005 size) that covers a capacitance range
of 0.1 to 15 pF. The Modelithics CAP-YAG-01005-001
model is validated by measurements performed up to
67 GHz. The model covers the full range of part values
for the CQO100 series.

In this model, the capacitance value is 1.5 pF, and it
uses a 4 mil thick Rogers RO4350B substrate. The di-
mensions of the solder pads are the default values for
the length, width and gap (7.3, 8 and 5.1 mils, respec-
tively).

Figure 2 shows the simulation results comparing the
impedance of the ideal 1.5 pF capacitor to the simpli-
fied real-world 1.5 pF capacitor model (Figure 2a) and
the impedance of the ideal 1.5 pF capacitor to the Mod-
elithics model for the 1.5 pF CQ0100 capacitor (Figure
2b). For the simplified real-world capacitor, the imped-
ance is equal to the ESR (580 mQ) at the SRF (9.4275
GHz), and the 1.5 pF CQ0100 capacitor exhibits an SRF
of 9.484 GHz.

The results show that the simplified real-world 1.5
pF capacitor and the 1.5 pF CQ0100 capacitor do not
behave like ideal capacitors. In the case of the ideal ca-
pacitor, the impedance only decreases as the frequency
increases. The real capacitor follows the impedance
curve of the ideal capacitor up to a certain frequency,
then deviates. Specifically, the impedance decreases
more sharply as it approaches the SRF. At the SRF, the
impedance reaches a minimum value. Above the SRF,
the impedance increases as the frequency increases.

Continuing further, a real capacitor’s total impedance
is capacitive below the SRF, as the capacitive reactance
is greater than the inductive reactance. Above the SRF,
the total impedance is inductive, as the inductive reac-
tance is greater than the capacitive reactance. In other
words, above the SRF, the capacitor behaves like an in-
ductor. Thus, a capacitor acts as a "DC blocking induc-
tor” above the SRF.!

As shown in Figure 2, a real capacitor does not ex-
hibit the same behavior as an ideal capacitor. However,
comparing the behavior of the simplified real-world 1.5
pF capacitor with the behavior of the 1.5 pF CQ0100

f= (4)
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capacitor  reveals
more information.
In Figure 2, the
impedance of the
1.5 pF CQ0100 ca-
pacitor resembles
: the impedance of

@:M B Il the simplified real-

: world capacitor

A Fig. 3 ADS schematic used for an S-parameter simulation of model. However,
the capacitor. above the SRF,
there are some no-
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ticeable differences. Specifically, the
1.5 pF CQO0100 capacitor exhibits
impedance spikes at several fre-
quencies above the SRF. Figure 3
demonstrates an S-parameter simu-
lation of this same Modelithics mod-
el for the 1.5 pF CQ0100 capacitor
in a two-port series configuration.
Figure 4 shows the simulated S,
results. For comparison, Figure 4
also shows S, after performing the
same S-parameter simulation of the
ideal 1.5 pF capacitor.

In Figure 4, the simulated S,; of
the 1.5 pF CQO0100 capacitor exhib-
its distinct attenuation notches at
the same frequencies where the im-
pedance spiked. These attenuation
notches represent the parallel reso-
nant frequencies (PRFs) that appear
due to the parallel parasitic ele-
ments of an MLCC. These PRFs can
also be referred to as higher-order
resonances, as an MLCC has a first
PRF, a second PRF, a third PRF, etc.
In this case, the first, second, third
and fourth PRFs are at 24.05, 36.87,
49.23 and 61.25 GHz, respectively.
Therefore, while the simplified mod-
el of a real-world capacitor may be
effective to some degree, it is not
a complete representation of a real-
world MLCC because it omits the
parallel parasitic elements.

From a designer’s perspective, it
may be acceptable to use a capaci-
tor above the SRF if the applica-
tion requires low impedance with
no requirement for the capacitor
to exhibit either capacitive or in-
ductive behavior. However, as the
operating frequency approaches
the first PRF, the designer must
decide if the higher loss is accept-
able for the application. If the loss
is too high, an alternative solution
may be necessary. Therefore, from
a design standpoint, it is critical to
determine if any PRFs fall within
the intended operating frequency
range. As shown, Modelithics Mi-
crowave Global Models for MLCCs
enable the identification of PRFs to
mmWave frequencies.

HOW CASE SIZES IMPACT
CAPACITOR RESONANCES
Several factors impact capaci-
tor resonances. One such factor is
the case size of the MLCC. Figure
5 shows an impedance simulation
of the Microwave Global Models
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A Fig. 6 Simulated S,; of the CBRO2 (red trace), CBRO4 (blue
trace) and CBRO6 (green trace) capacitors.

for the KEMET CBR02, CBRO4 and CBROé6 capacitors,
which come in case sizes of 0201, 0402 and 0603, re-
spectively. Each simulation uses a capacitor model with
a value of 33 pF. The substrate used for each is 10 mil
thick Rogers RO4350B.

For the CBRO2, CBR0O4 and CBRO6 capacitors with
the same value (33 pF), the SRFs are 1.568 GHz, 1.132
GHz and 968.3 MHz, respectively. Therefore, increasing
the case size increases the ESL and thus decreases the
SRF. The impedance value at the SRF corresponds to
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a capacitor's ESR. For the CBR02, CBR0O4 and CBR06
capacitors, the ESR values are 98, 77 and 62 mQ, re-
spectively. Thus, by increasing the case size, the ESR
decreases.

Simulating the same three capacitor models in a
two-port series configuration shows that the PRFs are
affected by case size. Each model is set to a value of
6.8 pF. The substrate used for each is again 10 mil thick
Rogers RO4350B. Figure 6 shows the simulated S, of
each capacitor.

For the CBRO2, CBR0O4 and CBRO6 capacitors with the
same value, the first PRFs are 11.37, 7.82 and 6.04 GHz, re-
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spectively. Again, the PRFs decrease
as the case size increases. From a
design perspective, this comparison
highlights the suitability of these ca-
pacitors for applications such as DC
blocking. That is, the 6.8 pF CBR06
capacitor would likely not be an ap-
propriate choice for an application if
the operating passband includes the
capacitor’s first PRF of 6.04 GHz. In
comparison to the 6.8 pF CBR06 ca-
pacitor, the 6.8 pF CBRO2 capacitor
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resonant frequencies. Simulating
the Microwave Global Model for
the Amotech A60F capacitor se-
ries demonstrates this impact. The
model uses a value of 27 pF using
two different substrates: 10 mil thick
Rogers R04350B and 60 mil thick
Rogers RO4003C. For both cases,
the simulation includes the imped-
ance and the S, (two-port series
configuration).

Figure 7a shows the simulated im-
pedance curves for both substrates.
The 10 mil thick Rogers RO4350B
substrate produces an SRF of 1.252
GHz, whereas the 60 mil thick Rog-
ers RO4003C substrate produces a
lower SRF of 792.1 MHz. This illus-
trates that increasing the substrate
thickness results in a lower SRF.

Figure 7b shows the simulated
S, for both cases. The results show
steeper attenuation notches at the
PRFs when using the 60 mil thick
Rogers RO4003C substrate versus
the 10 mil thick Rogers RO4350B
substrate. Modelithics’ capability to
predict substrate-dependent per-
formance is a key program feature.

In addition to the substrate, the
SRF is affected by the dimensions of
the solder pads on which an MLCC
sits. Microwave Global Models scale
with respect to the solder-pad dimen-
sions. This pad scalability makes it
possible to see how the SRF changes
as the pad dimensions are varied. An-
alyzing the Microwave Global Model
for the Amotech A60L capacitor se-
ries demonstrates the scalability. In
this example, the value is 24 pF, and
the capacitor models have two dif-
ferent pad lengths: 17 and 28 mils.
For both cases, the pad width and
pad gap are set to 20 mils each. The
substrate used is 10 mil thick Rog-
ers RO4350B. Figure 8 shows the
simulated impedance for both cases.
Increasing the length of the solder
pads from 17 to 28 mils results in a
decrease in the SRF from 1.474 to
1.281 GHz. These results are expect-
ed since increasing the length of the
solder pads increases the inductance
and thus lowers the SRF.

MLCC HORIZONTAL AND
VERTICAL MOUNTING
ORIENTATIONS

It is possible to eliminate odd-
order parallel resonances by mount-
ing an MLCC in a vertical orienta-
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tion. Mounting an MLCC in a verti-
cal orientation means that the width
of the MLCC essentially becomes
its height. Figure 9 shows an MLCC
mounted on a PCB in both horizon-
tal (Figure 9a) and vertical (Figure
9b) orientations. While horizontal
orientation is often considered the
default mounting configuration, ver-
tical orientation can be employed to
eliminate odd-order parallel reso-

Many of Modelithics" Microwave
Global Models for MLCCs include
an “Orientation” parameter that
lets users select either “Horizontal”
or "Vertical” mode. This parameter
allows designers to predict the be-
havior of an MLCC when mounted
in both horizontal and vertical orien-
tations. Figure 10 shows S-parame-
ter (Sy4) simulations of the Amotech
A6QF 27 pF capacitor in a two-port

nances.

Microwave Multi-Octave

series

configuration

using both

(b)
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A Fig. 9 MLCC in both (a) horizontal
and (b) vertical orientations.
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A Fig. 10 Simulated S, for the A60OF
27-pF "Horizontal” (red trace) and
“Vertical” (blue trace) modes.

"Horizontal” and “Vertical” modes.
For this analysis, the substrate used
is 30 mil thick Rogers RO4350B.
The first-, third- and fifth-order PRFs
(3.06, 7.03 and 11.01 GHz, respec-
tively) only appear when the model
is set to “Horizontal” mode. When
the model is set to “Vertical” mode,
these odd-order parallel resonances
are eliminated.

FINAL REMARKS
Modelithics’ Microwave Global
Models for capacitors enable de-
signers to determine where reso-
nances, including SRFs and PRFs of
an MLCC, appear. The resonances
depend on factors such as case
sizes, substrates and solder-pad di-
mensions. Using these inputs, the
designers can determine the best
capacitor for the application. B
I
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Dual-Band Filtering Horn
Antenna Using a Metamaterial
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horn antenna uses a
metamaterial (MTM) lo-
cated between the coax-
ial feed and the horn that
is the foundation for dual-band op-
eration and filtering. Simulation and
measurement demonstrate good
impedance matches around 3 and
4.35 GHz owing to the coupling in

the coaxial feed and probe coupling
in the horn. Gain on boresight is ap-
proximately 6.6 dB at 3 GHz and
9.5 dB at 4.35 GHz. Furthermore,
out-of-band gain suppression is ap-
proximately 29 and 32 dB, relative
to the maximum gains in the two
passbands.

Horn antennas are extensively

CeSRR —
| Square ___
o, | waveguide 7

MITM it cell

y

Horn aperture

MTM

—

1
L4 Probe

»2 W
2

WR-284

Dual-Band filtering horn antenna configuration.
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employed in communication sys-
tems owing to their wide band-
widths, good radiation patterns
and simple structures.’3 They
serve as standard gain antennas for
system testing,%> provide reliable
feeds for antenna arraysé8 and can
be configured as horn antenna ar-
rays as well.?.10

Numerous attempts have been
made to improve their perfor-
mance, such as enhancing integra-
tion, improving gain, incorporating
a filtering response and providing
dual-band operation. For example,
planar horn antennas, based on a
printed circuit boards, groove gap
waveguide or substrate-integrated
waveguide have been developed
for improved system integra-
tion.1-13 Lenses or MTMs have
been used to enhance gain.415> A
filtering response can be achieved
by embedding split ring resona-
tors (SRRs) or via-hole arrays.16-18
Dual-band horn antennas can be
constructed by using two helix
exciters or combining them with
tapered slot antennas.'20 Fur-
thermore, stepped horn antennas
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can be integrated

TABLE 1 with two different
OPTIMIZED ANTENNA PARAMETERS filters to achieve a
dual-band filtering
Parameter Value (mm) Parameter Value (mm) res,pons,e,z1

In this work, an

14.5 R 4 .
2 MTM consisting
xS 55 Ve 05 of a square wave-
zc 13 hc 1.5 guide (WG) with
X1 34 v 72 centrailly loaded

complementa-

x2 0 y2 100 ry electric SRRs
t1 60 t2 53.5 (CeSRRs)22 is used
| 18 le 25 to construct a dual-
1 28.75 2 28.75 band fllterlng horn
antenna  without

il 22.75 n2 22.75 additional filters.

(b)

A Fig. 2 (a) Fabricated components
and (b) assembled prototype antenna.
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A Fig. 3 Simulated and measured [S;4].
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MTM HORN

ANTENNA CONFIGURATION

The antenna includes a coaxial
feed, an MTM with six-unit cells,
a WR-284 rectangular waveguide
and a horn aperture (see Figure
1). The MTM unit cell, which com-
prises a square waveguide and
CeSRR, has two operating modes
and is the foundation for dual-band
operation and filtering. A coaxial
feed ensures a good impedance
match between the standard SMA

Prototype
Antehna

Horn antenna I

Horn antenna 2

Prototype

Antenna

(b)

A Fig. 4 Radiation pattern
measurement setup: (a) first passband
and (b) second passband.

TechnicalFeature

connector and the MTM, which is
derived from the coaxial coupler of
the MTM-inspired backward wave
oscillator of Tang et al.23

The part of the CeSRR with the
cylindrical probe is inserted into
the WR-284 rectangular waveguide
for transformation from the TM
mode of the coaxial feed to the TE
mode in the WR-284 rectangular
waveguide. The WR-284 rectan-
gular waveguide, with one short
end and the other end connecting
to the horn aperture, serves as a
bridge to connect the MTM to free
space. The MTM horn antenna is
optimized using CST Microwave
Studio?* and the corresponding
parameters are listed in Table 1.
The detailed parameters of the
CeSRR can be found in the work of
Duan et al.22

RESULTS AND ANALYSIS

Reflection Measurements

The aluminum MTM horn an-
tenna prototype is shown in Figure
2. Low speed wire electrical dis-
charge machining with a 0.005 mm
fabrication tolerance is employed
to fabricate the CeSRRs with the
matched block.

Simulated and measured |Sq4]
obtained using CST Microwave
Studio?4 and a vector network an-
alyzer, respectively, exhibit good
agreement and show that the an-
tenna has two passbands centered
at approximately 3 and 4.35 GHz
(see Figure 3). Slight discrepancies
are attributed to fabrication toler-
ances of the CeSRRs.

Far Field Radiation Characteristics
Measurement of the prototype
antenna’s far field radiation char-
acteristics in a microwave anechoic
chamber is shown in Figure 4. Two
test antennas are used; one is a 15

10 i
o

0 N ¥
o

1 1 1 1
25 30 35 40 45 50
Frequency (GHz)

Realized Gain (dB)
LN
oS o
e
~ZT dB

A Fig. 5 Simulated and measured gain.
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E-Vector
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,\V ¥ _28.1 I

dBi and yoz planes
(see Figures 7 and

7.89».
389 8), respectively.

Measured results
0.10 agree well with
—4.11 the simulation. On

boresight, the x-

811 pol is 20 dB lower
121 than the co-pol.
-16.1 Discussion

201" A comparison
oa of the antenna de-

| | scribed in this work
with selected refer-
enced antennas is
presented in Table

-32.1

) 2. With respect to
dBi

105 the horn antennas
»I with SRRs or via

6.46 holes,16-18 this an-
2.46 tenna provides du-
154 al-band opera’Fion
’ as well as filtering.
-5.54 This MTM horn
o054 | antenna  without
[ additional filters

-135 demonstrates a re-
-17.5 markable filtering
s | | | response, resulting
| | in a smaller size

compared with the
one using two dif-
ferent filters.2

255 l
295

A Fig. 6 Simulated 3D radiation patterns at (a) 3 and (b) 4.35

GHz.

dB standard gain horn operating
from 2.6 to 3.95 GHz, and the other
is a 10 dB standard gain horn oper-
ating from 3.9 to 6 GHz.

Simulated compared with mea-
sured gain is shown in Figure 5.
Measured results indicate that the
MTM horn antenna has a maximum
realized gain of approximately 6.5
dBi in the first passband around 3
GHz and approximately 9.5 dBi in
the second passband around 4.35
GHz. In comparison, the gain in
the stopband drops sharply to ap-
proximately -22.5 dB, indicating an
out-of-band gain suppression level
(OBGSL) of approximately 29 and
32 dB with respect to the maximum
realized gains in the first and sec-
ond passbands, respectively.

Simulated 3D far field radiation
patterns are shown in Figure 6,
and simulated radiation patterns
are compared with measured pat-
terns at 3 and 4.35 GHz in the xoz

72

Furthermore,

a coaxial coupler
and waveguide
coupler are separately used as
output structures in two kinds of
backward wave oscillators.25.26 |n
this work, the dual-band antenna
combines the two coupling tech-
nologies; coaxial coupling and
waveguide coupling are used to
feed the antenna and connect to
the horn aperture.

CONCLUSION

An MTM is used to construct a
dual-band filtering horn antenna.
The MTM antenna exhibits dual-
band operation and filtering perfor-
mance, as demonstrated by simula-
tion and measurements. Maximum
realized gains are approximately
6.5 and 9.5 dBi in the two pass-
bands, respectively. The MTM horn
antenna exhibits excellent filtering
performance as well. This work of-
fers a promising approach for the
design of horn antennas with dual-
band filtering response. &

(a)

®) 180

Simulated Co-Pol Measured Co-Pol
Simulated X-Pol

A Fig. 7 Simulated and measured
normalized radiation patterns at 3 GHz:
(a) xoz plane and (b) yoz plane.
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Simulated Co-Pol
Simulated X-Pol

Measured Co-Pol

A Fig. 8 Simulated and measured
normalized radiation patterns at 4.35
GHz: (a) xoz plane and (b) yoz plane.
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TABLE 2
COMPARISON WITH OTHER WORK
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Antenna Type WG Planar WG WG WG
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Volume (\2)** 4.7x3.4x5.7 | 6.2x3.6x0.16 3.2x2.4x5.3 2.2x4.6x3 | 1x1.2x1.9
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ProductFeature

Pocket Alarm for Microwave

and Gamma Radiation

Ultraview
Berkeley, Calif.

ecent advances in GaN
power amplifiers’ and mi-
crowave tubes have en-
abled the development of
portable microwave jammers and
directed energy weapons (DEWs),
which have the potential to pose a
human health threat. Of particular

ULTRAV
pent

Bave oy 3s
Orecy <
Sewy 2§

A Fig. 1 EM/Gammalert indicating
HPM energy and gamma radiation.
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concern are high-power microwave
(HPM) pulse trains. Without inex-
pensive miniature RF alerting and
recording devices that can be car-
ried by thousands of government
workers, military members and the
general public, it is not possible to
track the presence and potential ef-
fects of direct energy weapons.

THE NEED FOR WEARABLE
ALARMS WITH LOGGING

Historically, spectrum analyzers
and wideband digitizers used for
monitoring HPM energy have been
expensive and large, while por-
table RF field strength meters have
been inadequate for characterizing
pulsed microwaves. Hence, Ultra-
view developed its EM/Gammalert,
a 4-ounce, 5.5 x 9 x 1.5 cm pocket/
purse device, shown in Figure 1,
that issues visual and audible warn-
ings of HPMs, as well as conven-
tional radiation threats, including

gamma radiation. These prompt
the wearer to retreat from the threat
and alert others.

In addition to providing an im-
mediate alarm, the device records

~ Embedded Antennas (4)

Warning LEDs
A Fig. 2 PCB-embedded antennas
extend outside the machined case.
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each event for forensic and research purposes. Its flash
RAM stores 1000 complete sets of time-aligned micro-
wave and gamma energy envelope waveforms, each
with a 1 second universal time tag for downloading. Us-
ers download via USB to a host PC, enabling viewing
and waveform storage in a searchable SQL database

ProductFeature

induced electromagnetic pulses (EMPs). The hold ca-
pacitors “stretch” short bursts, allowing 40 KSPS ADC
sampling.

The GUI software allows users to set separate trigger
thresholds for RF, microwave, EMP and gamma events.
When any threshold is exceeded, the entire set of EM

k09800 -t —

on the computer. After examination,
they can upload concerning events to
a monitored global SQL database for [ |
worldwide scrutiny and near-real-time |.uww
Al-assisted recognition of emerging
threat patterns.

MICROWAVE/EMP DETECTION e
AND RECORDING CIRCUITRY .:’

The EM/Gammalert senses RF/mi-
crowave energy using four 0.5 to 10
GHz angled monopole antennas em-
bedded in the PCB edges, which ex-
tend outside the aluminum clamshell
case, as shown in Figure 2. Each feeds
a Schottky diode detector and a hold
capacitor connected to a 12-bit ana-
log-to-digital converter (ADC) in the
embedded Tl MSP430FR5969 micro-
controller unit (MCU). These detectors
can capture continuous wave (CW) and

f J | 409500 7,
Click on graph to display time (milliseconds),
_amplitude and event number

% W 4w mammmE 0w

pulsed microwave bursts as short as
300 ns, as well as lightning or nuclear-

&» Yun Micro Electronics

Yun Micro
Electronics

Custom RF Filter Manufacturer

Main products

A Fig. 3 X-rays and background radiation recorded by EM/Gammalert.

@www.hfyzwdz.com
¥ liyong@blmicrowave.com

Dielectric Filter

LTCC Filter
4 LCFilter
Small volume, Surface Mountable
4 Film Filter or Wire or Ribbon Bonds

4 LTCCFilter 140MHz~20GHz (BPF)

3dB BW : 5%~50%

mic Filter
# Ceramic Filte Size: Length 3.2~10mm,

4 Cavity Filter
Good product consistency

4 Tubular Low Pass Filter -~

4 Ultra-broadband Filter

4 Filter Banks

4 Multiplexer

4 Switch Filter Banks

4 Tunable Band Pass Filter(L Band,
S Band, Motor Tuning)

4 TEO1 Mode Filter (Band Pass) M Fiiter

Frequency range:80MHz~9GHz (LPF),

Width 1.6~7mm, High 0.9~2mm

Small volume

|
|

|

| Available in 3~10 sections

: Frequency range : 500MHz~8GHz
|
|

R

cmmcme——=d

Small volume
Available in 3~12 sections

4 Waveguide Filter
4 Waveguide Ceramic Filter

e 3dB BW : 1%~60%
1 ~
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Frequency range : 2 GHz~40 GHz

Available in 3-7 sections
3dB BW from 3% to 150%

Band-pass Filter,High-pass Filter,Low-pass
Filter,Band-stop Filter
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and gamma energy waveforms, in-
cluding 8 milliseconds of pre-trigger
view, are stored on internal 16 MB
persistent memory. Two threshold
levels are programmable — one
for energy levels that routinely oc-
cur and will be indicated by green
LED flashes and beeps, to indicate
that the device is functioning, and
a higher threshold for dangerous
levels, signified via a beep and con-
tinuous red LED, which may require
retreat and later examination of
stored waveforms.

IONIZING RADIATION
DETECTION SECTION

The unit detects ionizing radia-
tion using four parallel-connected
PIN photodiodes optically coupled
to a thallium-doped cesium iodide
scintillator crystal. A fifth photodi-
ode is located separately to prevent
overload from high-flux pulsed radi-
ation events, enabling, for example,
enhanced research into lightning-
induced terrestrial gamma flashes
(TGFs) that may occasionally deliver

high peak exposures to air passen-
gers but are too short for character-
ization by conventional wearable ra-
diation monitors. The photocurrents
of the reverse-bias PIN diodes drive
picoampere-bias ampdlifiers, which
drive ADCs in the MCU.

Operation of this section was val-
idated using X-rays, gamma sources
and ground and airborne back-
ground radiation. Figure 3 shows
X-rays recorded by EM/Gammalert
moving through a hand-carry bag-
gage scanner. Spikes at the upper
left of the waterfall are earlier-cap-
tured background cosmic radiation
events.

VALIDATING THE UNIT USING
AN EMULATED MICROWAVE
DEW

There are concerns regarding the
microwave auditory effect? (Frey Ef-
fect), which results from exposure
to intense sub-millisecond micro-
wave bursts repeating at an audio-
frequency rate. The duty cycle may
be too low to cause dangerous
heating, but the

kilohertz range
may cause adverse
health effects.

The unit can re-
spond to a wide RF
duty cycle range,
from 300 ns single

HPM events to
CW. To emulate
a hypothetical

pulsed DEW that
might evoke 1600
Hz chirps, an EM/

A Fig. 4 Microwave pulses recorded by the EM/Gammalert.

Gammalert  was
placed at close

range from an Ul-
traview Ultracomb-
8G GaN 20 V
= | 90-picosecond ra-
=~ | dar pulse genera-
tor driving a Vivaldi
antenna and pro-
ducing 500 million
pulses per second
(500 MPPS), gated
on in 300 ns wide

T N

bursts, repeating
1600x per second.
Figure 4 shows a
captured train of
300 ns microwave
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A Fig. 5 Global database map of user-uploaded events.

bursts, repeating

1600x per second. The green and
blue pickets are from the antennas
facing the source.

EMERGING GLOBAL THREAT
ANALYSIS

Data from any instrument study-
ing new threats and sparsely-
researched phenomena must be
vetted by experts. Isolated alarm
indications, unless correlated with
concurrent health effects or read-
ings from other instruments, may
not be credible. However, if similar
indications from clusters of devices
are received in a global database,
as in Figure 5, an increased level of
confidence and global knowledge
could then be established.

SUMMARY

A pocket device designed to
warn of and record emerging
threats has undergone preliminary
validation using X-ray, gamma and
a wide range of CW and pulsed mi-
crowaves.

Ultraview, Berkeley, Calif.
www.ultraviewcorp.com
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TechBrief

QCY series

uinStar's
cryogenic isolators and
circulators are designed
for mission-critical ap-
plications in quantum computing,

superconducting devices, space-
based systems and ultra-sensitive
test environments. These passive
components operate down to mil-
likelvin with insertion loss as low as
0.15 dB and isolation up to 44 dB.
The QCY series is available in a
variety of frequency bands, including
4 to 8 GHz, 4 to 12 GHz, 18 to 26.5
GHz and beyond, with single devic-
es or multi-port array configurations.
These solutions are engineered for
integration into dilution refrigerators
or cryostats and are compatible with

Frequency Matters.

Enabling Ubiquitous
Automotive Connectivity
with NTNs

From Chatbots to Channels:

Why Machine-to-Machine AT Is
the Key to Monetizing

80

Cryogenic Circulators &
Isolators for Quantum

a range of mechanical form factors.

QuinStar's cryogenic circulator/
isolator arrays enable qubit readout
pathways for today’s most advanced
quantum research programs. With
Mp-metal and double-shielded
options available, QCY units offer
magnetic isolation, minimizing in-
terference in dense cryogenic envi-
ronments.

Every QCY device is manufac-
tured and tested in the U.S. using
precision ferrite technology and

proprietary magnetic  assembly
techniques. QuinStar’s cryogenic
components meet NASA EEE-

INST-002 derating guidelines and
are trusted by national labs, de-
fense programs and quantum hard-

Sponsored By

u ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

ware startups alike. The QCY series
provides signal integrity required
for next-generation experimenta-
tion in quantum infrastructure and
ultra-low noise environments.

QuinStar Technology Inc. has
been engineering the future of mod-
ules and cryogenic components since
1993 and has expertise in mmWave
products, microelectronic assembly,
rapid prototyping and mass custom-
ization. QuinStar products range from
standard catalog components to spe-
cialized high performance RF signal
generating, amplifying and condi-
tioning components.

QuinStar Technology, Inc.
Torrance, Calif.
https://quinstar.com

Catch up on the latest industry news with the bi-weekly video update
Frequency Matters from Microwave Journal @ www microwavejournal.com/frequencymatters

Optimizing Satcom FPA
Design with Integrated
AiP/SiP Chipset

September supplement:
EW, Radar & MilCom

Quantic Wenzel
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VG, a German company

with over 75 years in high-

end frequency control

products, introduces its
new 10 MHz oven-controlled crys-
tal oscillator (OCXO). This oscillator
delivers low phase noise and tight
stability due to advanced optimized
crystal manufacturing and sophis-
ticated oven control design. This
OCXO achieves minimal spectral
spreading and superior signal in-
tegrity, including less than -90 dBc/
Hz at 0.1 Hz offset, -124 dBc/Hz at
1 Hz offset, -149 dBc/Hz at 10 Hz
offset and -166 dBc/Hz at 1 KHz off-
set. The oscillator minimizes phase

47th Annual Meeting and Symposium of the
Antenna Measurement Techniques Association

MW]JOURNAL.COM m SEPTEMBER 2025

TechBrief

Low Phase Noise
10 MHz OCXO

jitter and drift over short averag-
ing times and has an Allan Devia-
tion (ADEV) of < 9E-14 at T=1 sec-
ond. Long-term frequency stability
is controlled to ensure consistent
output over extended operational
lifetimes. Aging of this oscillator is
less than * 0.2 ppb per day, with
a cumulative aging of less than
= 0.1 ppm over 10 years. The
OCXO maintains consistent fre-
quency output across varying en-
vironmental temperatures, specifi-
cally less than = 2.0 ppb over the
operating temperature range of
-20°C to +70°C. Additionally, the
OCXO has a supply voltage of

Register

N

* Exhibits showcasing the latest innovations in antenhna, RCS,
and 56 OTA/MIMO measurements

* Networking opportunities with industry experts

¢ In-depth Short Course as well as a practical
Boot Camp will be offered

For details and to view the Preliminary Program visit

2025.amta.org

Raytheon

An RTX Business

+12 V and dimensions of 51 x 51 x
16 mm. KVG’'s OCXO can be used
in metrology and calibration labo-
ratories, scientific research equip-
ment, high precision measurement
devices, precision navigation and
timing systems, radar systems,
coherent communication systems
and satellite communication ground
stations.

KVG Quartz Crystal
Technology GmbH
Neckarbischofsheim, Germany
https://kvg-gmbh.de

Raytheon and the U.S. Army Electronic Proving Ground are proud to
host the 47th Annual Meeting and Symposium of the Antenna
Measurement Techniques Association {AMTA) in Tucson, Arizona,
USA from November 2-7, 2025. Raytheon and the U.S. Army
Electronic Proving Ground cordially invite you to attend and
participate in this annual event.

To learn more about AMTA, visit www.amta.org.

Symposium Highlights

* High-quality technical papers presented on a continuous
basis over four days — no parallel sessions

* Technical Tours, Social Events, and Daytime Companion Tours

Hosted by
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. Analog Devices at
IMS 2025

Connectronics, Inc. announced the launch

of a new search feature on the company’s

: website. With Connectronics’ new search

Analog Devices feature, visitors can search for products
www.analog.com /en /resources /media- by any attribute, including connector
center/videos/6375544786112.html type, adapter type, series, configuration,
body type, mounting type, impedance, po-

T larity and hermetic iso ground.

Your One-Stop RF
Product Lineup

Awaits

Explore high-performance RF products,
components and solutions engineered for
advanced RF applications.

Celebrating 35 Years

For the past 25 years, LitePoint has been lead-
ing the way in wireless testing. Wireless tech-
nology is constantly advancing, and we have
an unwavering commitment to simplify test
and deliver the most technologically advanced
solutions.

LitePoint
www.litepoint.com

Spectrum Control Drives
Innovation at Philadelphia Facility

Spectrum Control’s strategic investments in automation, digital manufacturing and
modernized facilities, including a renovated Philadelphia RF+ SiP center, boosted assembly
capacity 30 percent, throughput 50 percent, improved customer satisfaction and reinforced
leadership in defense-grade RF signal management technologies.
Spectrum Control
spectrumcontrol.com

Trans-Tech Hits 70 Years!

Trans-Tech continues its 70-year legacy as the number one ferrite magnetic manufacturer in the |
U.S., delivering superior RF and microwave filters, circulators, radar components, patch antenna |
solutions and ceramic-enabled devices.

Trans-Tech
www.trans-techinc.com
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NEW PRODUCTS

FOR MORE NEW PRODUCTS, VISIT WWW.MWJOURNAL.COM/BUYERSGUIDE
FEATURING (JJVENDORVIEW STOREFRONTS

DEVICES/
COMPONENTS/MODULES

High-Power, Drop-In Circulator

3G6BEL-1 is a
high-power, drop-in
circulator operating
within 2.5 to 6 GHz
and can handle 100
W of power at CW
over -40°C to +90°C. This circulator was
optimized for space-constrained application
and specifically designed for EW jammer
applications. The design is covered under a
U.S. patent and is unique for its high-power
handling, wide operation band, compact size
and stability over a wide temperature range.
AEM Renaissance
www.rec-usa.com

Multi-Channel RF Digitizers

JVENDORVIEW

The ADSY1100 Series
from Analog Devices
(ADI) are multi-chan-
nel RF digitizers that
operate from 0.1 to
20 GHz. These
digitizers integrate the
AD9084, Virtex™
UltraScale+™ FPGA
and Zynq™ Ultra-
Scale+™ MPSoC, as well as optical
transceivers, onboard memory, a power
distribution network, clock conditioning and
more. They are built around ADI’s “Apollo”
MXFE™ product (AD9084) featuring DAC
sample rates of up to 28 GSPS and ADC
sample rates of up to 20 GSPS in a
4Tx/4Rx configuration.

Analog Devices

www.analog.com

Ultra-Wideband Power Divider/
Combiner

YVENDORVIEW

A Micable 1 to 26.5

g GHz 5-way ultra-wide-
band power divider/

... combiner can accept
and divide a 1 to 26.5 GHz signal into five
output signals with equal amplitude
unbalance (max. +0.9 dB) and phase
unbalance (max. +10°). Due to extremely
wide bandwidth, excellent VSWR (max.
1.6:1), insertion loss (max. 4.3 dB) and
isolation (min. 16 dB), it can be widely
applied in test and measurement and other
wideband applications.
Micable
www.micable.cn
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High Power Limiter

Y)VENDORVIEW

Quantic PMI Model
LM-10M12G-20-10W-
SFF is a high-power
limiter operating in
the frequency range of 0.01 to 12 GHz with
10 W of CW power handling (40 dBm) and
100 W peak. This compact housing
measures 1.0 x 0.68 x 0.35in. and is
fitted with SMA female connectors.
Quantic PMI

www.quanticpmi.com

Bi-Directional Couplers

Y)VENDORVIEW

A series of bi-direc-
tional couplers are
available for operation
in high frequency/very
high frequency/ultra
high frequency bands,
with coupling values
from 11 dB through
20 dB and all in small
sized surface-mount packaging. These
products are designed for applications in
forward and reverse power sampling in
routine operational monitoring of antenna
amplifiers in radio transceivers and
production testing reflectometers. The input
power ratings are from 15 to 50 W.

Synergy

www.synergymwave.com

CABLES & CONNECTORS

Cable Assemblies

- Amphenol RF
% introduced the SMPM
VW 4, to SMPM assembly
oy on RG-178 cable into
\ their portfolio of cable
p= assemblies. The

compact size of these
assemblies makes them highly suited for
use in applications where space is at a
premium. With a 50 Q impedance and the
ability to operate from DC to 6 GHz, the
SMPM to SMPM cable assembly on RG-178
is equipped to provide reliable RF perfor-
mance in the most demanding applications.
Amphenol RF
www.amphenolrf.com

RF Cable Assemblies
Y)VENDORVIEW

Fairview Microwave,

an Infinite Electronics

. brand, has expanded

\ ' / its line of in-stock RF
cable assemblies.

The new products are based on the most
popular custom cable designs created
through Fairview’s Cable Creator platform or
in consultation with the company’s technical
support team. By turning the custom
configurations into standard products,
Fairview ensures that businesses in various
industries have quick access to reliable RF
solutions.

Fairview Microwave
www.fairviewmicrowave.com

RG Cable Assemblies
JVENDORVIEW
Pasternack, an Infinite

\\ Electronics brand, has

4

_ %2 % _ launched a new line
{5 V/ of RG cable assem-
= " blies. Built using
many types of RG (radio grade) cables, the
line adds to Pasternack’s already extensive
portfolio and meets the requirements of
numerous industries and applications. The
new additions to Pasternack’s cable
assembly line include both 50 Ohm and 70

WEST -BOND.

Wedge, Ball and Ribbon
Wire Bonding and Die Bonding

83




CERNEX , Ine.

RF,MICROWAVE & MILLIMETER-
WAVE COMPONENTS
AND SUB-SYSTEMS UP

TO 500GHz “ M

e AMPLIFIERS UP TO 160GHz
e FREQUENCY MULTIPLIERS/
DIVIDERS UP TO 160GHz
e ANTENNAS UP TO 500GHz

o COUPLERS UP TO 220GHz

o ISOLATORS/CIRCULATORS UP
TO 160GHz

oFILTERS/DIPLEXERS/SOURCES
UP TO 160GHz

oSWITCHES UP TO 160GHz

oPHASE SHIFTERS UP TO 160GHz

o TRANSITIONS/ADAPTERS UP TO
500GHz

e WAVEGUIDE PRODUCTS UP TO
1THz

e TERMINATIONS/LOADS UP TO
325GHz

oMIXERS UP TO 500GHz

eATTENUATORS UP TO 160GHz
oPOWER COMBINERS/DIVIDERS
EQUALIZERS
oCABLE ASSEMBLIES/
CONNECTORS UP TO 110GHz
oSUB-SYSTEMS UP TO 110GHz
oDETECTORS UP TO 500GHz
eUMITERS UP TO 160GHz
oBIAS TEE UP TO 110GHz

Add:1710 Zanker Road Suite 103,San Jose, CA 95112

Tel: (408) 541-9226 Fax:(408) 541-9229
WWW.CErnex.com www.cernexwave.com
E mail: sales@cernex .com
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NewProducts

Ohm cable options, ensuring optimal signal
transmission for any application.
Pasternack

www.pasternack.com

AMPLIFIERS

1.0-6.0 GHz, 300 W, 200 W
Amplifier
VENDORVIEW

Exodus AMP20043 is
ideal for broadband
EMI-Lab, comms and
EW applications. The
Class A/AB linear
design is for all modulations and industry
standards. The amplifier covers 1.0 to 6.0
GHz, producing 300 W minimum, 200 W
P1dB and 55 dB minimum gain. Excellent
flatness and optional monitoring parameters
for forward/reflected power, VSWR, voltage,
current and temperature sensing for superb
reliability and ruggedness. Integrated in our
compact 5U chassis weighing approx. 35 kg.
Exodus Advanced Communications
www.exoduscomm.com

1000 W Broadband Amplifier

The 5129 is a 1000 W
broadband amplifier that
covers the 20 to 1000
MHz frequency range. This
amplifier utilizes advanced
power devices that provide
excellent ruggedness, high
gain and industry-leading
P1dB performance. Due to
robust engineering and
employment of the most advanced devices,
this amplifier achieves high efficiency
operation with proven reliability. Like all
OPHIR RF amplifiers, the 5129 comes with
an extended multi-year warranty backed by
Ophir RF's commitment to total customer
satisfaction.

OPHIR RF

www.ophirrf.com

High-Efficiency UHF Power

Amplifier

)VENDORVIEW
Now available at
RFMW, the
CMX90A009 from
CML Micro is a

high-efficiency GaAs
HBT power amplifier
designed to meet the rigorous demands of
professional and mission-critical communi-
cations. Delivering +40 dBm output power
with over 60 percent collector efficiency at
435 MHz, it operates from a 7.4 V supply
and supports both linear and saturated
modes. Its wide frequency range, thermally
enhanced DFN package and external
matching flexibility make it ideal for LMR,
public safety and mesh network transmitters.
RFMW

www.rfmw.com

High Performance Broadband Low
Noise Amplifiers (LNAs)

YJVENDORVIEW

Quantic PMI’s (Planar
Monolithics)
broadband LNAs offer
the industry’s lowest
noise figure available
up to 70 GHz, internal voltage regulation,
internal reverse voltage protection,
multichannel configurations, 2-in-1 dual-use
connectorized or surface-mount designs and
unconditional stability. Frequency range, gain
and OP1dB values can be optimized to meet
your requirements. Form, fit and function
designs are our specialty, with COTS and
RoHS availability. Custom amplifiers can be
designed and built to your specifications at
catalog prices.

Richardson RFPD

www.richardsonrfpd.com

2.0~40.0 GHz Broadband Low
Noise Amplifier

Model ABL4000-05-2830 is a two-stage
MMIC-based low noise amplifier module
operating in the frequency range from 2.0 to
40 GHz. It offers 28 dB of linear gain and
2.5~5.0 dB of typical
noise figure with
excellent gain
flatness and input/
output return loss.
The unit has a built-in
voltage regulator and
operates with a single DC power supply
voltage. The package size of the amplifier is
1.5 x 1.0 x 0.4 in.

Wenteq Microwave Corp.
www.wenteq.com

SEMICONDUCTORS/
INTEGRATED CIRCUITS

BFICs

Qorvo’s latest
integrated BFICs
provide a competitive
edge with the lowest
noise figure,
enhanced tempera-
ture stability and
simplified system
integration. They eliminate external LNAs,
reduce calibration complexity and improve
cost-effectiveness. Designed for high
channel efficiency, these BFICs optimize link
budgets and reduce power consumption,
delivering superior performance for
next-generation SATCOM networks. Built on
decades of RF leadership, Qorvo delivers
the performance, scale and innovation
trusted by top SATCOM providers worldwide.
Qorvo

WwWw.qorvo.com
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NewProducts
ANTENNAS

Patriot Antenna

Taoglas has released
the Patriot series, a
compact, multi-func-
tion combination roof
mount antenna
designed for
connected vehicle fleets across emergency
services, utilities and commercial sectors.
Integrating up to 18 antenna elements in a
single low-profile enclosure, the Patriot
delivers robust multi-network connectivity
while reducing vehicle roof clutter and
simplifying installation. Originally developed
for the Ford Interceptor, the existing vehicle
OEM antenna can simply be replaced with
the Patriot, while keeping the original
antenna functionality, but also adding
multi-radio connectivity.

Taoglas

www.taoglas.com

TEST & MEASUREMENT

Port Extender

\VENDORVIEW

_ Copper Mountain
Technologies (CMT)
introduced the 75
Ohm PE0312-75 port
extender, which expands CMT’s product
portfolio for 75 Ohm test solutions. This
new product enhances the flexibility of
multi-port testing for broadband, telecommu-
nications, cable and RF research and
production applications in 75 Ohm
environments. The PEO312-75 is a
USB-controlled, 12-port extender or switch,
designed specifically for 75 Ohm measure-
ments. It enables seamless expansion from
a 2-port VNA to 12 ports for multiple
devices or multi-output DUTs, without the
need for re-cabling, streamlining complex
test configurations.
Copper Mountain Technologies
www.coppermountaintech.com

PXE EMI Receiver
JVENDORVIEW

Keysight Technolo-
gies, Inc. announced
a major enhancement
to its PXE Electromag-
netic Interference
(EMI) receiver,
extending the wideband time domain scan
(TDS) with a real-time, gapless measure-
ment capability up to 1 GHz measurement
bandwidth. The new PXE receiver enables
engineers to measure from 30 MHz to 1
GHz in just one step versus the previous
three-step version. This advancement
provides high sensitivity, enables faster
diagnostics and significantly accelerates
electromagnetic compliance and certifica-
tion workflows.

Keysight Technologies, Inc.
www.keysight.com
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High Bandwidth Sampling
Oscilloscopes

Pico Technology
announced the
extension of its
PicoScope 9400A
Series of high
bandwidth sampling
oscilloscopes. The products are engineered
to meet the demanding needs of high speed
electronics, communications, semiconductor
research and high-energy physics applica-
tions. The PicoScope 9400A Series is built
on Pico’s SXRTO technology and, with this
launch, adds three models to the previously
announced 25 GHz version, giving users a
choice of 6 GHz, 16 GHz, 25 GHz and a
flagship 33 GHz bandwidth model.

Pico Technology

www.picotech.com

Digital Oscilloscope

RIGOL Technologies
announced the launch
of its eighth-genera-
tion digital oscillo-
scope — the
DS80000 Series
Real-Time Digital Oscilloscopes. Featuring
up to 13 GHz analog bandwidth and a

40 GSPS sampling rate, this latest addition
to RIGOL's portfolio delivers powerful high
speed signal capture and analysis capabili-
ties, providing engineers worldwide with a
reliable tool for fault isolation and validation
in high speed designs. The release of the
DS80000 Series marks a significant
milestone in RIGOL's ongoing commitment
to advancing test and measurement
technology.

RIGOL Technologies

www.rigolna.com

MICRO-ADS

_ ES MICROWAVE LLC.

Since 1985 we have offered our custom
design filters and sub-assemblies in
combline, interdigital and
ded-substrate technologies.

Broadband P

Suspended-Substrate
Filters, Diplexers, Triplexers, Quadruplexers,
Qumtuplexers, Sextuplexers.

q

DC-40 GHz Filters
Multiplexers &
Switch Filter Banks

ES Microwave, LLC
8031 Cessna Avenue, Gaithersburg, MD 20879
P: 301-519-9407 F: 301-519-9418
www.esmicrowave.com

REVOLUTIONARY
HERMETIC SMP CONNECTORS

These SMPs meet the requirements of
MIL-STD-348, but utilize unique housing
interface features, which significantly improves
reliability and production assembly yields.
Proprietary techniques are used to independently
control plating thickness on pin and housing.

For use with Aluminum, Kovar
and other package materials

SPECIAL HERMETIC PRODUCTS, INC.
PO BOX 269 — WILTON — NH - 03086
(603) 002 — Fax (603) 654-2533

E-mail: sales@shp-seals com
Web: www.shp-seals.com

Lap shear strength
3,600-3,800 psi

Tensile modulus
450,000-500,000 psi

¢ MASTER

+1.201.343.8983 » main@masterbond.com

www.masterbond.com

RF Amplifiers, Isolators and
Circulators from 20MHz to 40GHz

» Super low noise RF
amplifiers

» Broadband low noise
amplifiers

» Input PIN dicde protected low
noise amplifiers

» General purpose gain block
amplifiers

> High power RF amplifiers
and broadband power

> RF isolators and
circulators

> High power coaxial and
waveguide terminations

> High power coaxial
attenuators

> PIN diode power limiters

> Active up and down
converters

Wenteq Microwave Corporation
138 W Pomona Ave, Monrovia, CA 91016
Phone: (626) 305-6666, Fax: (626) 602-3101

Email; sales@wenteq.com, Website: www.wenteg.com
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Reviewed by
Michael Roberg

SUBSTRATE
INTEGRATED
WAVEGUIDES
SOUMAVA MUKHERJEE

PRASUN CHONGDER
ANIMESH BISWAS

ARTECH BOOKS

Substrate Integrated Waveguides

Soumava Mukherjee, Prasun Chongder and Animesh Biswas

by Mukherjee, Chongder and

Biswas is an excellent reference
for microwave engineers designing
substrate integrated waveguide (SIW)-
based circuits. The basics of SIW theory
are introduced in Chapters 1 and 2, be-
ginning with the presentation of SIW
modes of operation in the context of
a traditional rectangular metallic wave-
guide with reduced height. The work-
ing principles introduced in the first
two chapters enable any microwave de-
signer to get started with a design while
accounting for SIW frequency of opera-
tion, loss and methods of transitioning
from more traditional transmission lines
into SIW.

Chapters 3 and 4 are more advanced,
focusing on SIW antenna design. The
text is focused on practical design and
will be quite useful for practicing an-
tenna designers. Several examples of

Substrate Integrated Waveguides

'BOGATIN'S
PRACTICAL GUIDE
™ BEST :
MEASUREMENT
PRACTICES

EOR DIGITAL

RF AND mf:nnwnvs '
POWER AMPLIFIERS

-¥

ITECH BOOKS

ARTECH DOOKS
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N

cavity-backed slot antennas are pro-
vided in Chapter 3, including narrow-
band, dual-band, broadband and dual
polarization designs. Chapter 4 covers
more advanced designs, including a
high gain slot antenna design as well as
self-multiplexing designs which incor-
porate a diplexer or triplexer into the
antenna. Antenna arrays using cavity-
backed slot antennas are also included
in the fourth chapter.

Chapter 5 covers filters implemented
in SIW and is more theory-heavy than
the prior chapters, with the first several
pages being dedicated to filter design
theory. The most basic implementation
of filters using inductive metal posts
and irises is first discussed, followed by
more advanced cavity-based filters. As
in prior chapters, there are several prac-
tical design examples, including mea-
sured data. Chapter 6 covers additional
passive circuit designs in SIW. These

Bookenc

include diplexers, triplexers and branch
line couplers. Finally, Chapters 7 and 8
cover oscillators and mixers integrated
with SIW, as well as antennas integrated
with SIW filters and other passive com-
ponents.

In summary, this book is recommended
for microwave designers who are inter-
ested in designing and building SIW-
based circuits. The practical examples
alone are worth owning the book, as it
provides reference designs for many ap-
plications and inspiration for designs out-
side the scope of the book.

9781685690458
390
2024

Artech House
us.artechouse.com

SAVE 20% on all Artech titles

22224

Use Code:
EUMW25

through September 30th, 2025

IEUROPEAN

MICROWAVE WEEK
JAARBEURS UTRECHT
THE NETHERLANDS
it tieied 21 26 SEPTEMBER 2025

* THREE CONFERENCES -

ARTECH HOUSE

BOSTONILONDON

ww.eumw.eu

ONE EXHIBITION

MW]JOURNAL.COM m SEPTEMBER 2025




SIX DAYS | THREE CONFERENCES | ONE EXHIBITION
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4th-9th OCTOBER 2026
RADAR EVENT | JEimoiee. Rthvimes oty

EUROPEAN MICROWAVE WEEK 2026

THE 29TH EUROPEAN MICROWAVE

WEEK COMBINES THREE CONFERENCES:

 The European Microwave Conference (EuMC)

« The European Microwave Integrated Circuits
Conference (EuMIC)

+ The European Radar Conference (EuRAD)

Q EXCEL LONDON, UK PLUS:

»  Workshops, Short Courses,

Focussed/Special Sessions

O §
4TH i gTH OCTOBER 2026 « vrDefence Forum, Space Forum, 6G Forum

& Automotive Forum
o Student Activities

ALSO: The European Microwave Exhibition
6TH - 8TH OCTOBER 2026
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Filter Technologies

For Every Application

Passbands to 43.5 GHz
Stopbands to 57 GHz
Bandwidths as narrow as 1%
100+ dB rejection

Tiny size, as small as 0202
Industry’s widest selection
of mmWave LTCC filters
Proprietary designs with
stopband rejection up

to 100 dB

WR-12, WR-15 and
WR-28 interfaces
Passbands up to 87 GHz
High stopband rejection,
40 dB

Fractional bandwidths

from 0.5 to 40%

Excellent power handling,

up to 20W

High Q in miniature SMT package

=
r E & i

Connectorized designs with

4 to 40% fractional bandwidth
Power handling up to 10W
Flat group delay

—~

Ultra-wide passbands
up to 26 GHz

Wide stopbands

up to 40 GHz

High Q

LEARN MORE

Wide catalog selection
Several package options
including aqueous washable
Variety of filter topologies

>

Patented topology absorbs
and internally terminates
stopband signals

Perfect for pairing with
amplifiers, mixers, multipliers,
ADC/DACs & more

Passbands from DC to 40 GHz
High rejection with wide passband
Miniature SMT package

1 Mini-Circuits
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Gapwaves: Tech That Sees the Human Side of Things

—Y
T —— \

apwaves, a waveguide technology company

headquartered in Gothenburg, Sweden, was

founded in 2011 by Professor Fer-Simon Kildal
of Chalmers University. For many years, Gapwaves was
considered a strong research institution and partner.
However, Gapwaves has recently fostered significant
growth and made a splash in the commercial market
thanks to the manufacturability of its patented wave-
guide technology. This technology is applicable to prod-
ucts including slot antennas, filters, diplexers and other
passive microwave components, and operates in the
mmWave frequency range. As Gapwaves finds more auto-
motive and communication applications, it continues to
expand and recently opened a pilot-line facility designed
for product development and testing.

Gapwaves' technology is based on artificial magnetic
conductors, which create contactless, artificial waveguide
structures that facilitate the propagation of the signal.
By eliminating physical contact, the manufacturing speci-
fications can be relaxed significantly while maintaining high
performance, and the material choice is more lenient. This
increase in manufacturability becomes more important
as the technology scale grows, positioning Gapwaves to
be successful in high volume manufacturing industries, in-
cluding automotive. Gapwaves’ technology and new facility
position it for success as the self-driving car and driver
safety feature industries experience rapid growth.

Gapwaves opened its pilot-line production facility in
November 2024, strategically placing it near its head-
quarters in Gothenburg, Sweden. The facility functions
as an industrialization hub where Gapwaves can validate
both new products and high volume manufacturing in-
novations. Both steps are key during a successful new

90

product introduction, and the facility enables Gapwaves to
perfect products and systems before outsourcing them
to their qualified global production partners. The facility is
designed for an annual production capacity of 300,000
antennas, many of which are high volume manufacturing
tests or research designs. In addition to the manufactur-
ability benefits, this facility is pivotal to obtaining the
IATF certification, a crucial certification for the automo-
Tive industry. Gapwaves recently started production at
the pilot-line facility for partner Valeo's new vehicle radar.
Once they optimize the production line, the product will be
moved to a full-scale production facility closer to its end
use. This will minimize the delivery time and cost, improving
overall customer satisfaction.

In addition to automotive, Gapwaves services industries
including commercial satcom, telecom and surveillance, as
well as defense applications. However, automotive remains
a priority not only for its success and high volume opportu-
nity, but for the positive impact it brings. Increasing auto
safety goes beyond increased convenience or speed to
improved quality and preservation of life. Gapwaves values
its positive contribution to automotive safety. As safety
features become ubiquitous, there is a global increase in
proposals to require certain features in new cars. As these
pass and become law, Gapwaves’ technology and manufac-
turability will enable the rapid implementation of safety
technology without sacrificing prices.

With over 40 patent families, 14 years of experience,
the new production facility and an enthusiastic team,
Gapwaves will continue to positively disrupt the waveguide
and automotive industries.

Gapwaves
www.gapwaves.com
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Featuring Keynotes ¢ Technical Sessions * Workshops

EDI CON Online brings much needed technical training and information directly to engineers’
desktops and mobile devices. Free, real-time training with easy registration and access.

ONLINE

EDUCATIONAL DAYS

S1/P1/PCB/Interconnect/EMI

Live attendees can participate in Q&A sessions &
earn IEEE CEU’s

EDICONONLINE.COM
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UNLEASH THEPO

SUPERIOR EMCG/EMI TESTING SULBﬂUNS

WIDE BANDWIDTH | HIGH POWER = SUPERIOR PERFORMANCE
0.0170220 MHZ | 0.01T0 1000 MHZ | 8070 1000 MHZ | 600 T0 8000 MHZ | 6T0 18 GHZ
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HIGH-POWER COMBINERS DIRECTIONAL COUPLERS DIGITAL POWER METERS

WERLATONE’S EMC/EMI TESTING SOLUTIONS ARE EMBEDDED IN EMC AMPLIFIERS,
TEST CHAMBERS, AND TEST LABS WORLDWIDE.

WE OFFER A VARIETY OF POWER LEVELS RANGING FROM 10 W CW T0 20 KW CW.

WERLATONE'S HIGH-POWER, MISMATCH-TOLERANT® SOLUTIONS ARE DESIGNED
T0 OPERATE IN EXTREME LOAD MISMATCH CONDITIONS.

BRING US YOUR CHALLENGE | WWW.WERLATONE.COM LEARN MORE
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An Inexpensive Tunable S- and
X-Band RF Source for Microwave

Laboratory

Manoj Kumar, Mansi Goyal and Gowrish Basavarajappa
Indian Institute of Technology Roorkee, India

RF sources are vital components in numerous scientific and engineering pursuits related to
wireless communication and sensing applications. However, state-of-the-art RF sources like
analog signal generators and vector signal generators are expensive for educational purposes.
This article describes a low-cost electronically tunable S- and X-Band continuous wave RF
source for a microwave laboratory at the undergraduate and post-graduate levels. RF signals

in the unlicensed industrial, scientific and medical (ISM) band (2.4 to 2.525 GHz) are generated
directly using an inexpensive commercially available nRF24L01 transceiver module. The module
is configured using an Arduino Uno microcontroller through a serial peripheral interface (SPI)
protocol. Active frequency multiplication (by a factor of 4) is achieved using a HMC443LP4ETR

MMIC chip from Analog Devices to convert the output to X-Band.

unable RF sources are vi-
tal components in S-and
X-Band microwave labora-
tory test benches (MTBs)
widely used for education and
teaching purposes at the under-

graduate and post-graduate levels.
These RF sources have typically
been realized using reflex klystrons,
as demonstrated in Figure 1a.
These are becoming obsolete and
are being replaced by solid-state RF
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A Fig. 1 S- and X-Band MTBs for educational purposes: (a) conventional approach (b)

and proposed approach.

MW]JOURNAL.COM m SEPTEMBER 2025

sources, as demonstrated in Figure
1b.

Various types of solid-state RF
sources are available in the market,
which can be categorized into three
distinct categories: analog signal
generators, digital signal genera-
tors and vector signal generators.’>
An analog RF signal generator pro-
duces a continuous wave RF signal.
Analog RF signal generators are
employed by educational institu-
tions, particularly in the demonstra-
tion and investigation of the compo-
nents and systems.3.¢ Methods such
as direct digital synthesis are em-
ployed by digital signal generators.
Compared to analog RF sources,
they offer excellent precision and
programmability at an increased
cost.”.8 Vector RF signal generators
can generate RF signals with phase
and amplitude modulation. They
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A Fig. 2 RF source block diagram.

are particularly useful for testing compound modula-
tion schemes like orthogonal frequency-division multi-
plexing (OFDM) and quadrature amplitude modulation
(QAM), which are widely used in modern wireless com-
munication, such as LTE and Wi-Fi. Solid-state sources
are limited in their use to low-power applications.

Gunn diode-based mechanically tunable RF sources
have been proposed for educational radar experimen-
tation purposes.?-10 One of their limitations is that they
are mechanically tuned using a movable metallic short.
Hindle!" surveyed low-cost test equipment, including
signal generators. However, the maximum frequency
achieved was around 6 GHz, and the cost was at least
4x greater than the X-Band source proposed here. lor-
dachescu and M. Raducu'? describe a low-cost Gunn
diode-based fixed frequency RF source, but it has no
provisions to tune the frequency. Matuszczak et al.’3
described a PLL-based X-Band RF generator for labora-
tory purposes. However, the prototype cost is around
12x greater than the proposed X-Band source proposed
here. Note that although the reflex klystron has become
obsolete for many applications, it is still being used for
educational purposes solely due to its cost advantage.

The motivation for this development activity is to re-
place a reflex klystron-based RF source with an inexpen-
sive solid-state RF source for S-and X-Band MTBs. In
addition to being compact, the proposed solid-state RF
source has advantages such as a wide electronic tuning
range and ease of use. Furthermore, the cost is much
less than that of a commercially available reflex klys-
tron and the other contemporary alternatives discussed
above.

CONCEPTUAL BLOCK DIAGRAM

A simplified block diagram of the proposed tunable
RF source is shown in Figure 2. It consists of three main
components: an nRF24L01 radio transceiver, an Ardu-
ino Uno microcontroller and a frequency quadrupler.
The microcontroller provides the bias voltage and SPI
control signals to the RF transceiver to select the de-
sired frequency channel in the ISM band (2.4 to 2.525
GHz). The frequency synthesizer in the nRF24L01 radio
transceiver produces a CW RF signal at the desired fre-
quency. Since the nRF24L01 radio can provide a peak
power output of 20 dBm, a 30 dB attenuator is placed
in the RF signal path to protect the quadrupler. The at-
tenuated RF signal is fed to the quadrupler to generate
the desired X-Band (9.6 to 10.1 GHz) RF output.

DEVICE SELECTION

Nordic Semiconductor's nRF24L01 transceiver synthe-
sizes 2.4 to 2.525 GHz signals. This device meets low

94

ARDUINO UNO =
13
— RESET 12
11 Y
— Y 10 —
% o -
-l con S 8
CE
3 e
w (— SN
Z 7 SCK
> @< SH1T MOSI
THCE |2 SET L_Jmiso
e d —JIRQ
— A2 g 3 —
—+-llAs -
-t 1 5 nRF24L01 Module
—-lAs ol
— —

A Fig. 3 Arduino interface to the nRF24L01 transmitter.

power consumption requirements, is cost-effective and
is compact in size. It has 125 RF channels with typically
1 MHz resolution.’® An SPI is used for configuration and
operation. The SPI provides access to the device’s reg-
ister map, including all configuration registers.

An Arduino Uno microcontroller unit (MCU) is chosen
to program the nRF24L01 using the SPI protocol. It is a
low-cost, easy-to-use and open-source microcontroller
based on the ATmega328P microchip microcontroller.’®
It configures the PLL of the nRF24L01 to transmit the
carrier signal continuously. Hence, the nRF24L01 is be-
ing configured to be used as a tunable RF source.

The HMC443LP4ETR MMIC chip from Analog devic-
es’6 is used for active x4 frequency multiplication. The
RF signal generated by the nRF24L01 radio transceiver
is fed to the quadrupler, which generates an X-Band RF
signal at the output.

IMPLEMENTATION

The nRF24L01 radio is interfaced with Arduino Uno
microcontroller. It requires an operating voltage of 3.3
V. A voltage regulator converts 5 V at the Arduino out-
put pin to 3.3 V for the radio. The SPI provides synchro-
nous data communication between the two devices. It
has separate lines for data and clock signals. The clock
ensures precise synchronization between sender and
recipient. The receiver samples the data line to read the
subsequent bit once it detects the clock edge.

For SPI communication, picking the right clock edge
and speed is crucial. Three pins, Serial Clock (SCK),
Master Out Slave In (MOSI) and Master In Slave Out
(MISO) of the nRF24L01 radio must be connected to
their equivalent pins on the MCU for interfacing via the
SPI protocol. These pins manage data transmission and
reception.

In addition, each available digital output pin on the
MCU can be connected to two crucial pins: Chip Enable
(CE) and Chip Select Not (CSN). The CSN pin chooses
which module to use for communication, while the CE
pin manages the module’s power state.

The nRF24L01 radio incorporates an Optional In-
terrupt Request (IRQ) pin. This digital output is usually
used for interrupt-driven communication and becomes
active when low. In an interrupt example, the IRQ pin is
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connected to a digital input pin on
the MCU.

The schematic of connections
between the Arduino and the
nRF24L01 radio is shown in Figure
3. The CE, CSN, MOSI, MISO and
SCK pins of the nRF24L01 radio are
connected to the Arduino Uno D7,
D8, D11, D12 and D13 pins, respec-
tively.

CODE ALGORITHM

The algorithm for the Ardui-
no Uno code that instructs the
nRF24L01 to transmit a continuous
carrier signal is shown in Figure 4.
Two fundamental Arduino libraries,
Arduino.h and SPLh, perform SPI
communication with any peripheral.
Further, nRFLO1 and RF24 libraries
are the primary libraries required to
communicate with the nRF24L01 ra-
dio module.

First, the power level and channel
number are set from the specifica-
tions of the nRF24L01 module. Pins
D7 and D8 of the Arduino Uno are
defined as CE and CSN pins for the
nRF24L01 module. Next, it identi-
fies whether the nRF24L01 module
is connected to the Arduino or not.
Once it gets detected, Arduino Uno
initiates the commands required for
generating the unmodulated car-
rier. These commands perform the
following tasks.

1. Setting auto acknowledgment to
false, meaning the transmitting
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radio will always report that the

payload was received (even if it

was not).

2. Setting the number of retry at-
tempts to zero and delay be-
tween retries when transmitting a
payload to 250 ps.

3. Emptying all three transmit FIFO
buffers.

Finally, the transmission of con-
tinuous carriers starts with the re-
quired power and frequency chan-
nel. The output of the nRF24L01
radio is measured using a spectrum
analyzer (see Figure 5). The power
level provided by the transceiver

+5 dBm. Hence, a
30 dB attenuator
(resistive Pi circuit)
is introduced before the frequency
quadrupler to protect it from dam-
age. The circuit for the HMC443L-
PAETR chip is mounted on a 20 mil
FR4 PCB. The signal traces for RF in,
RF out and DC path are designed
for 50 Q microstrip. SMA connectors
are used to interface the PCB (see
Figure 6) with other components.

FINAL CIRCUIT DESIGN AND
PERFORMANCE

The components are connected
per the block diagram (see Figure 2)
and the prototype tunable X-Band
source is shown in Figure 7. The
casing is realized using polymer 3D
printing technology. Power for the
quadrupler is provided by the Ar-
duino Uno.

Spectral performance is mea-
sured using a Keysight N9020B
MXA signal analyzer; the spectrum
from 9.6 to 10.1 GHz in steps of
20 MHz is shown in Figure 8. The
source has a minimum tunability of
4 MHz at X-Band.

Phase noise is measured at 9.8
GHz. Resolution bandwidth and vid-
eo bandwidth are both 10 Hz. Phase
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A Fig. 7 Tunable X-Band RF source: (a) assembled view (b) and opened view.
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COMPARISON OF LOW-COST RF SOURCES

ﬁefe’e"‘e 9,10 1 12 13 17 TWX TWS

arameter

RF Power (dBm) 1.8 15 NR 13 14 4 20

Frequency Tuning Mechanical Electronic Fixed Electronic Electronic Electronic Electronic

Range (GHz) 8.0-12.1 0.02-6.4 9.5 9.7 -11 8.7-10.5 9.6-10.1 2.4 -2.52

DC Power Supply (V) 14 NR 6.5 NR -200 to 300 5 5

Relative Cost NR 8X X 23X 8X 2X X

Phase Noise (dBc/Hz ) .

(1 MHz offset) <-160 <-115 NR NR NR <-110 <<-116

NR: Not Reported, TWS: This Work S-Band, TWX: This Work X-Band

*Limited by test equipment capability
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Countering High Frequency
Surface Wave Radar

Richard L. Powers
Aerospace BD, LLC, Annapolis, Md.

(}verthehor'zon high  fre-
quency surface wave radars

(HFSWRs) are appearing along the
coast of the People's Republic of China
and in their artificial islands in the South
China Sea. As the technology is seen to
fruition as part of an integrated anti-ac-
cess/area denial (A2AD) scheme, these
radars will be capable of detecting and
tracking ships well beyond 300 km,
aircraft above and below the horizon,
ballistic missiles and cruise missiles,
with neartargeting quality azimuth and
range accuracy. Robust countermea-
sures are needed, as they have the
capability to detect and track “stealth”
platforms due to the long high frequen-
cy (HF) wavelengths.

INTRODUCTIONTO HFSWR

Due to the conductivity of salt wa-
ter, a vertically polarized wave in the
HF, 3 to 30 MHz domain will propagate
along the curvature of the ocean for
hundreds of kilometers without rely-
ing on an ionospheric bounce. The U.S!
HFSWR experiments provided proof
of concept in the 1960s and 1970s at

the Naval Research Laboratory led by
James Headrick, and in the 1970s with
the U.S. Air Force-sponsored TOP SEA
radar developed by Leon Lewandowski
and colleagues at Sanders Associates
(now BAE Systems). Canada and other
nations have advanced the state of the
art to operational systems for overthe-
horizon 200 NM Exclusive Economic
Zone (EEZ) ship surveillance. China’s
interest in HFSWR also began in the
1960s. HFSWR installations are inher
ently large compared to microwave
radars due to the long wavelength and
need for a large receiving aperture for
bearing accuracy. The open literature
on the subject is substantial, as is
worldwide academic, civilian and mili-
tary interest for applications ranging
from hydrography to EEZ enforcement
to low-altitude overthe-horizon cruise
missile detection and tracking.

Surface wave propagation is lossy
compared to line of sight (LOS), but
excellent performance can be achieved
even with the inherent difficulties of
operation in the HF band. Ship detec-
tion is best in the lower HF band; high-

Microwave Radar
Horizon (~ 10 km)

Line of Sight (LOS)
Propagation

Anti-Ship Cruise
Missile Tracking (~37 km)

Fighter Aircraft
Tracking (~74 km)

Radar Horizon

HF Surface Wave
Propagation

Ocean
(Salt Water)

Ship Tracking
(~200 km)

A Fig. 1 A conceptual shipboard HFSWR, optimized for ASCM detection."

6

er frequencies are better for aircraft and
missiles. A system intended primarily
for early warning of incoming sea-skim-
ming anti-ship cruise missiles (ASCM)
might be optimized around 15 to 20
MHz. To illustrate the overthe-horizon
concept and performance, a relatively
small conceptual shipboard system,’
sponsored by the U.S. Navy, operating
in the 10 to 18 MHz range can achieve
useful tracking ranges from an aperture
length of less than 185 m, as illustrated
in Figure 1. Larger coastal installations
will achieve much longer ranges. In
contrast, the enormous 1500 m Rus-
sian coastal surveillance Podsolnukh
HFSWR, as shown in Figure 2, tracks
targets out to 500 km and has report-
edly been exported to China.2:3

HFSWR COMPLEXITIES
AND ADVANCES

Advances in digital receivers over
the last approximately 30 years have
enabled the development of practical
systems. Beamforming, target detec-
tion and tracking can all be done digital-
ly with minimal operator involvement.
Modern digital receivers in the HF band
feature analog to digital converters and
low phase noise, which enable high
sub-clutter visibility necessary for de-
tecting slow-moving targets at extend-
ed ranges. Unlike HF overthe-horizon
backscatter (OTH-B) radars, sounders
are not needed because HFSWR does
not depend on the ionosphere. How-
ever, many of the challenges, such as
external noise, man-made interference
and the need for high sub-clutter visibil-
ity, are shared between these two dis-
tinct types of HF radars. HFSWR per-
formance is different from microwave

EW, RADAR & MILCOM = SEPTEMBER 2025
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A Fig. 2 Russian Podsolnukh HFSWR
antennas.

radar due, in part, to three key factors:

1. Receive array directivity: Directiv-
ity rather than gain is often used for
the receiving system because it is
dominated by the external noise level
rather than internal thermal noise.
HF is almost always externally noise-
limited, often by over 40 dB.

2.Surface wave propagation loss:

Surface wave propagation loss is an
additional loss that can be substantial
and poses a significant challenge to
the radar designer. Two-way loss var-
ies by frequency and sea state; path
loss over 200 dB is typical for long-
range ship detection at the low end
of the HF band and increases with
frequency.

3. External noise: External noise is nat-
urally occurring in the HF band and is
much higher than internal kTB noise.
Typically accepted planning values
are 50 dB above kTB at 2 MHz, re-
ducing to 20 dB at 30 MHz. When
man-made interference is added, de-
pending on location, time of day, etc.,
values of 80 dB have been observed
at the low end of the band.

Canada is a leader in EEZ ship moni-
toring using HFSWR. Maerospace,
based in Ontario, Canada, has devel-
oped a fourth-generation HFSWR with
120-degree azimuthal coverage up to
200 nm. Their radar — Persistent Active
Surveillance of the EEZ (PASE) — oper
ates from 3 to 5 MHz and is approxi-
mately 650 m in length. They own and
operate one of their radars, as demon-

AN

MAEROsrace

PASE™

High Frequency Surface Wave Radar

A Fig. 3 Maerospace dual-band HFSWR product performance. Source: Maerospace

Corporation.

A Fig. 4 Maerospace HFSWR installation, Cape Race,
Newfoundland. Source: Maerospace Corporation.

strated in Figures 3 and 4, on the East
Coast of Canada, in Newfoundland.
Maerospace's HFSWR product is repre-
sentative of the state of the technology
readily available today.

The dual-use military potential of
commercially-available HFSWR sys-
tems cannot be overlooked. The con-
straints on the HFSWR radar designer
are substantial. Nikolic, et al.4 describes
a Serbian development of a frequency
modulated continuous wave (FMCW)
HFSWR for EEZ monitoring in the Gulf
of Guinea and elaborates on some of
the constraints they faced for this EEZ
single-purpose system. It also provides
excellent diagrams of a semi-bistatic
EEZ ship monitoring shore-based de-
sign and likely ship detection ranges.

Since 1967 China has developed HF
SWRs,® which have been deployed at
multiple sites along its coast. Open lit-
erature suggests that HFSWR is part of
their overall integrated A2AD scheme.
Chinese academic literature on the sub-

ject is substantive
and demonstrates a
long-term  commit-
ment to advancing
this technology. They
are building HFSWR
systems in the South
China Sea within the
disputed Spratly Is-
lands, including on
Cuarteron Reef, as
shown in Figure 5°
The reef is claimed

by China, Taiwan,
Vietnam and the Phil-
ippines.

A key advantage of operating in
the HF band is that target scattering is
typically in the Rayleigh and Mie (reso-
nance) regions because the wavelength
of the radar is larger or nearly equal to
the target of interest. Reducing radar
cross section (stealth) via shaping and
radar absorbing materials becomes
less effective, making HFSWR an at-
tractive means of beyond the horizon
A2AD coastal surveillance.

HFSWR systems are monostatic,
semi-bistatic or truly bistatic. Monos-
tatic systems will be the most compact
and are likely modulated high-duty-cycle
pulsed systems consistent with their
range and Doppler resolution require-
ments. The operating frequency range
can vary from as low as a few MHz to
as high as 18 to 25 MHz, depending on
the target of interest and on noise and
interference conditions. Once a target
breaks the radar horizon, such as a high
altitude aircraft or a ballistic missile,
LOS propagation comes into play and
detection ranges increase accordingly.
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Antenna choices vary with the design;
a notional multi-purpose military system
might include a log-periodic monopole
transmitter serving as a wide-beam il-
luminator and multi-frequency digital
receive array configurations covering a
wide HF spectrum to detect a carrier
strike group at a great distance, detect
and track aircraft as they are launched
and detect and track cruise missiles be-
yond the horizon to provide early cueing
of engagement systems.
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HFSWR challenges must be em-
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measures. Foremost, surface wave
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in Doppler, target to clutter ratio, sea
state, external noise, man-made inter
ference (e.g., shortwave radio) and oth-
er factors will degrade detection range.
The requirement for meaningful near
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A Fig. 5 Chinese HFSWR site on
disputed Cuarteron Reef in the South
China Sea.

targeting quality range and Doppler in-
formation will limit waveform choices.
Bearing accuracy is almost entirely a
function of receive array size. HFSWR
systems must have high sub-clutter
visibility to detect moving targets in
the presence of moving ocean clutter.
A modern HFSWR is likely to place a
high dynamic range digital receiver at
every antenna element, to the degree
affordable, for simultaneous digital
beamforming to match the coverage
of the transmit antenna, and adaptive
nulling of interference (e.g. shortwave
radio transmitters) and directional jam-
ming. Frequency agility or multiple si-
multaneous frequencies can optimize
target detection, so a multi-purpose
system might be either operating in
three simultaneous bands or shift-
ing between those bands. Choosing
frequencies within each band may be
based on finding the quietest parts of
the HF spectrum or pseudo-random to
make jamming more difficult, or a com-
bination thereof. A coherent integration
time interval is needed to pull moving
targets out of the ocean clutter. The
clutter patch is moving, and ocean cur
rents and sea state influence detection
and false alarm rates; constant false
alarm rate (CFAR) processing and tar
get tracking are non-trivial problems for
the HF radar designer.
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CONSIDERATIONS FOR
COUNTERMEASURES
DESIGNERS

Target processing and waveform
optimization literature speak volumes
for three intelligence needs: a constant
OSINT effort, frequent ELINT collection
and analysis of signals of interest and
theoretical analysis of likely wartime
modes. Given the complexities of op-
erating a radar at HF, the different opti-

mal frequencies as a function of target
size, external noise, clutter and interfer
ence, frequent collection is required to
build a strong understanding of how
these systems operate over time and
electromagnetic conditions. HF radar
experts in the U.S., Canada and Aus-
tralia can provide the knowledge to as-
sist the ECM designer in understand-
ing how these radars operate now and
how they might operate in wartime and
the future. The good news for the ECM
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designer is that the radar designers
are under constraints that are perhaps
more challenging than those of their
microwave counterparts due to the HF
electromagnetic environment and sur
face wave propagation loss.

A small team of HFSWR radar ex-
perts, talented ECM designers, HF
equipment designers, A2AD experts
and those skilled in modern autono-
mous payload delivery methods such
as unmanned underwater vehicles
(UUVs), unmanned surface vehicles
(USVs), etc., if provided with visionary
leadership that invites creativity, can
quickly converge on a variety of flexible
yet affordable solutions. With a long
duration and range, and a modular pay-
load capability, the HIl REMUS autono-
mous underwater vehicle, as shown
in Figure 6, is one potential delivery
example; multiple units can operate
collaboratively, which may enable new
countermeasure ideas.

The first consideration for the ECM
designer is that of mission. Since the
sites are relatively large, perhaps re-
locatable but not immediately mobile,
and their locations fixed by imagery
and HFDF, destruction of enemy air
defenses (DEAD) using conventionally
guided weapons is an option. Given the
large site, how many weapons are re-
quired to take it down and how long will
it take an adversary to reconstitute the
site with spare equipment? Equipment
shelters for transmitters and receivers
can be hardened or underground, and
the operators need not be on site.

Early warning radars are ideal candi-
dates for denial and tactical deception
rather than destruction. Causing an ad-
versary to make bad decisions might
be better than simply blinding their sen-
sor. The degree to which this is possible
against HFSWR needs analysis, but
history suggests there may be several
things that could be done to degrade
and deceive.

Another consideration for the ECM
designer is partial or full digital adaptive
beamforming. A digitally beamformed
HF radar may have many degrees

A Fig. 6 HIl REMUS can deliver
electronic warfare payloads.
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A Fig. 7 Boeing EA-18G Growler
electronic warfare aircraft.
of spatial freedom, but some will be
needed to null directional interference,
such as skywave noise and narrow-
band communications overlapping with
the wideband radar waveform. Digital
beamforming is a potential ECCM fea-
ture, but also a vulnerability since an af-
fordable HFSWR site may only have 32
receivers at any given time. This might
imply jamming close to the radar using
multiple sources over a wide angular
sector, which provides significant trans-
mit power (J/S) advantages given the
higher loss of surface wave two-way
propagation.

Airborne jamming from the EA-18G
Growler (see Figure 7) or EA-37B Com-
pass Call (see Figure 8) is challenging

Quanlic Croven

A Fig. 8 BAE Systems/L3-Harris
Compass Call.

due to the HF antenna size when the
wavelength of operation is measured in
tens of meters. Clever antenna design-
ers have created retractable, long wire,
electrically small and efficient airborne
HF antennas, but these are often tuned
for a particular band. High altitude HF
SWR jammers would have a distinct
propagation advantage when above the
LOS radio horizon, so there is a tradeoff
to be considered.

Shipboard HF systems are likely to
be adaptable to this mission, provid-
ing screening jamming for themselves
and the carrier strike group, but this re-
quires radiation from the ships, which
are often in emission control (EMCON).
Offboard, non-collocated jammers well

in front of the strike group may make
more sense and provide a significant
jam-to-signal ratio (J/S) advantage. The
emergence of highly capable UUVs and
USVs makes this a more practical option
than in the past.

ECM techniques to be considered
range from simple noise to high-fidelity
false targets. The high two-way path
loss and the unique HF environment,
and thus complex radar CFAR detection,
might make for interesting twists on
ECM techniques, especially if delivered
much closer to the radar than the assets
under protection. Overcoming adaptive
beamforming will be a challenge, but un-
derstanding the actual available spatial
degrees of freedom and the likely radar
signal processing methodology may
yield insights leading to highly flexible
ECM techniques used in sequence or in
combination to defeat or deceive. Jam-
mers do not need to be overly complex
and may not require high transmit power
to be effective. As with other modern
battlefield “throw-away” items, modern
HF software-defined digital transceiv-
ers may enable simple devices in larger
quantities that may be more effective
than a few expensive assets.
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Getting the jammer closer to the threat relative to the as-
sets being protected appears to be an attractive approach.
Close is relative, given the long ranges and lossy two-way
propagation to the distant asset being protected. Close-in
might be measured in 10s of kilometers, and the jammers
are hidden under a vast ocean, popping up an antenna when
jamming is needed. A field of these jammers may be suf-
ficient to overwhelm the radar’s digital beamforming at an
affordable cost relative to the assets, such as a carrier strike
group and its aircraft.

CONCLUSION

High frequency surface wave radar technology is mature
and available. HFSWR poses an early warning and target ac-
quisition threat, and countermeasures must be available to
the warfighter. HFSWR countermeasures should not just be
examined in isolation. The adversary’s overall ISR CONOPs
and capabilities must be considered in totality to establish
the counterISR approach and coordinated electronic and
DEAD strategy. Having a full understanding of HFSWR op-
eration and its overall place in the hostile A2AD system is but
one part of the puzzle. B
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n modern electronic warfare, Digital RF Memory

{DRFM) technology is crucial for advanced radar decep-

tion and jamming systems. By capturing, digitizing, and
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modulated signal playback.
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rapidly changing radar waveforms. The FSWX is built for such sce-
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parison.

Visit Rohde & Schwarz at the AOC International Symposium
s & Convention in National Harbor, MD, at booth 423 to
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modulation analysis.
Whether testing frequency agility, high PRF burst modes, or
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lyzes it all.

Radar scenarios do not always unfold in neatly defined time-
frames. Scanning patterns, long-range radar, or dynamic ECM
environments require extended observation windows. This is
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Application (option Ké) is so powerful.

Segmented Capture allows the FSWX to analyze long-dura-
tion radar signals by breaking them into individually triggered
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With its robust architecture, wideband coverage, and coher-
ent RF inputs, the FSWX signal and spectrum analyzer from Ro-
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systems that perform under pressure.

Find more information about the new FSWX online: www.rohde-schwarz.com/measure-the-impossible




RADAR BMILCOM
SPECIAL REPORT.

International Spectrum Supportability
for Software Defined Radios: Part 2
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oftware-defined radios (SDRs)
k have become the standard
for both commercial and military appli-
cations around the world due to their
ability to operate internationally, particu-
larly where dynamic reconfiguration and
multi-standard capabilities are essential.
Where a traditional hardware-based ra-
dio requires physical touching and chang-
ing of the piece parts to reconfigure the
system, an SDR allows the user to adapt
to operating in different frequency bands
and RF environments through software.
An SDR is the younger, faster sister of
the hardware-based radio, not quite

“your father’s brother’s nephew’s cous-
in's former” roommate’s radio (We are
in an argument over which is the best:
Spaceballs, Star Wars, or Star Trek.)

In the DOD and the United States,
spectrum supportability is part of the
certification process, which examines,
identifies and assesses regulatory, tech-
nical and operational spectrum issues.
These have the potential to impact the
required operational performance of a
candidate system through the process
of the Spectrum Supportability Risk
Assessment (SSRA).12 The U.S. DOD,
however, does not typically operate

UNITED

STATES
FREQUENCY
ALLOCATIONS

THE RADIO SPECTRUM
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A Fig. 1 United States frequency allocation chart. Source: Department of Commerce.
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within its own borders, except for test-
ing, training and disaster relief. As such,
the supportability needs to be looked
at internationally through host nations
and proposed operating areas. The U.S.
frequency allocation chart, as shown in
Figure 1, and all non-U.S. frequency al-
location charts must be examined.

The African Telecommunications
Union's spectrum allocation chart is
shown as an example in Figure 2. In
comparing the two charts, there are
both similarities and differences. For
example, the lower 3 GHz frequency
band is harmonized for radiolocation
(radar), but the U.S. adds an allocation
for amateur radio.

Outstanding examples of SDRs that
have been ruggedized for both radiation
hazards and shock and vibration, as well
as being deconflicted intergalactically,
are the Star Wars Commlink, the Star
Trek Communicator and the Spaceballs
Spaceball, which operate across the
galaxy without issues. We will leave it
up to the reader as to which is the best
SDR, as we have our own opinions.

SDRs are inherently more flexible
than traditional hardware-based radi-
0s.3 Traditional radios are typically opti-
mized for specific frequency bands and
wireless standards, and changing those
often involves physically modifying or
replacing components. These differenc-
es are shown in Figure 3. Unlike a tra-
ditional radio, an SDR can change wire-
less standards and frequencies through
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software changes, allowing for support
of a broader range of applications.
This flexibility is achieved by utilizing
programmable hardware components
that can be reprogrammed to accom-
modate new protocols and frequen-
cies as needed. SDRs can implement
advanced signal processing algorithms
that can dynamically adjust to varying
signal conditions, optimizing perfor-
mance in real-time.# This enables SDRs
to support a wide array of communica-
tion standards, from legacy systems
to emerging technologies, without the
need for hardware changes.® Addition-
ally, SDRs enable quick deployment in
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dynamic environments, as they can be
swiftly reprogrammed to adapt to new
operational requirements and innova-
tions.

While SDRs have many advantages,
they also have challenges. They typical-
ly require more power than traditional
hardware-based radios, which can be
a limitation in powersensitive applica-
tions. The complexity of the software
involved in SDRs necessitates sophis-
ticated development and maintenance,
often incurring higher initial develop-
ment and ongoing maintenance (or
sustainment) costs. Furthermore, the
initial investment in SDR technology
can be more expensive compared to

conventional radio systems, which may
be a barrier for some organizations. Ad-
ditionally, the need for robust cyberse-
curity measures to protect against soft-
ware vulnerabilities adds another layer
of complexity and expense.b

Commercial SDRs are primarily de-
signed to meet the needs of a broad
market, focusing on flexibility and in-
teroperability across various consumer
and enterprise applications. They typi-
cally prioritize cost-effectiveness and
ease of use, supporting multiple com-
munication standards such as LTE, Wi-
Fi and Bluetooth. In contrast, military
SDRs are built to meet stringent re-
quirements for durability, performance,
reliability and security while operating
in harsh environments and incorpo-
rating advanced encryption and anti-
jamming technologies. Additionally,
military radios are ruggedized to with-
stand extreme conditions, including
shock, vibration and radiation hazards.
Cybersecurity is another critical con-
cern in military SDRs, necessitating ro-
bust protective measures to safeguard
against cyber threats and ensure the
integrity of communications.®:” While
SDRs offer significant benefits, their
design and implementation are tailored
to meet the specific demands of their
respective use cases.

Military and commercial SDRs have
distinct differences in size, weight and
power (SWaP), and costs driven by
their specific operational requirements
and use cases. A table summarizing
the differences between commercial
and military SDRs and the trade-offs is
shown in Table 1.

Looking at it in greater detail, mili-
tary SDR designs have specific require-
ments that drive form factors:

e Size and Weight: Military rugged-
ization results in bulkier devices com-
pared to their commercial counterparts.
e Power: Military requirements for
encryption and anti-jamming technolo-
gies, as well as the need to support
multiple, simultaneous communication
channels, typically require more power
to operate.

e Reliability: The requirement to have
a single radio operate reliably in frozen
worlds like Star Wars’ Hoth and Earth's
Southeast Asian rainforest drives de-
sign accommodations and results in
higher material costs in military SDRs.

In contrast, a commercial SDR has a

very different set of priorities:
e Size and Weight: Commercial
SDRs prioritize ease of use, portability
and cost-effectiveness, often resulting
in more compact and lightweight de-
signs.
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TABLE 1
DIFFERENCES BETWEEN SDRS AND THE DESIGN TRADE-OFFS

Design Axis Military SDR Commercial SDR Primary Trade-off
Mission Contest_en_i/Jammmg, Recuikied, ol Anti-jam re5|||en;e
Environment coalition ops vs. cost/complexity
Standards & |\ sTp 810, 461, JTC | FCC, 30PP, PTCRE | EXtreme qualification
Testing vs. time-to-market
. Type-1/Suite-A crypto, High assurance vs.
seeurliy Zeroise circuits AESITIS, (S eve ] SWaP/battery
Waveform Multi-band, hopping, Few standards, Interoperability vs.
Flexibility SCA optimized silicon power/latency
. . Range & ruggedness
SWaP Rugged, high-power PA |  Slim, battery-centred By R
. . Lifecycle sustainment
Economics Low volume, $$$ High volume, $ o T G

e Power Costs: Designed to be pow-
er efficient, commercial SDRs cater to
consumer and enterprise applications,
where battery life and energy consump-
tion are important factors. They focus
on optimizing power usage for standard
communication protocols such as LTE,
Wi-Fi and Bluetooth.

e Cost Considerations: The empha-
sis on affordability and accessibility for
a wide range of users drives the design
and manufacturing processes.

o |

Electron Device
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High Efficiency, High-Power
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Under harsh operating conditions,
military priorities of security and perfor
mance result in generally higher SDR
SWaP values. In contrast, commercial
SDRs focus on cost-effectiveness, por
tability and power efficiency, leading
to lower SWaP values tailored to their
respective markets. The number of pro-
duction units manufactured is an order
of magnitude higher than the military,
which drives production costs down.
The first commercial SDR approved
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A Fig. 4 Vanu Inc.'s Anywave® global
system for mobile communications.
Source: Vanu Inc.

by the Federal Communications Com-
mission (FCC) was Vanu Inc/s Any-
wave® global system for mobile com-
munications (GSM) base station in
November 2004, as shown in Figure
4. It ran on a general-purpose process-
ing platform and was a dual-mode cel-
lular base station that supported both
GSM and code division multiple access
(CDMA). In a press release announc-
ing the certification, Vanu stated their
system consisted, “entirely of software
applications that support all of the GSM
cellular base station functionality run-
ning on off-the-shelf Hewlett-Packard
ProLiant servers with an ADC Digiv-

Download |
datasheet here

CPI Electron Device Business, Inc. ® Beverly Microwave Division ® 150 Sohier Road, Beverly, MA 01915 USA ® www.cpi-edb.com
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A Fig. 5 SPEAKEasy Phase 1 architecture. Source: AFRL.

ance RF subsystem.” At the time, the FCC chairman called
the approval “the first step in what may prove to be a radio
technology revolution”8 And there has been, or rather, in the
words of Star Wars Episode VII, The Force Awakens: “There
has been an awakening. Have you felt it?”
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The Joint Tactical Radio System (JTRS) was the first major
military software-defined radio. The first true military SDRs were
the SPEAKEasy | and Il, developed at the Air Force's Rome Labs
in New York.9 Phase | was demonstrated in 1994.10 They were
proofs of a concept, research and development program, with
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two programmable channels, a Texas In-
struments quad-TMS 320C40 multi-chip
module for digital signal processing and
a SUN Sparc 10 workstation as a man-
machine interface.® The architecture for
SPEAKEasy | is shown in Figure 5.

By the early 2000s, advances in ra-
dio technology had complicated com-
munications. Ground and aviation ra-
dios were typically unable to commu-
nicate with modern satcom systems.!

When JTRS was initially being devel-

oped in the early 2000s, its primary goal
was to be fully interoperable between
the different types of radios'?, as shown
in Figure 6. The Army was the lead
military department for the acquisition.
They intended to change that with JTRS
by developing and acquiring affordable,
high-capacity, fully interoperable tactical
radios to meet the bandwidth needs of
different military areas. The JTRS pro-
gram had eight common goals and a
multi-billion-dollar budget. In 2012, they

SPACEK LABS INC.
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A Fig. 6 The JTRS SDR was designed
to use a common architecture. Source:
U.S. Army.

delivered a ground mobile radio (GMR)
after having spent billions on other radi-
0s.2 The GMR could not tolerate harsh
conditions, making it unusable in the
desert. The key issue with the program
was that the U.S. military started with
a technological advancement problem
the size of a Borg Cube and decided
it was the size of a short Jedi Master.
And, like Yoda being underestimated be-
cause of his size, the size and complex-
ity of the development efforts needed to
create and implement ruggedized, fully
interoperable multi-domain SDRs were
significantly underestimated.3 For scale,
a Borg cube has an approximate volume
of 27 cubic kilometers, and Yoda is 66
cm tall.

SDRs are now integral to many ar
eas, both commercial and military, due
to their adaptability and advanced ca-
pabilities. In the commercial sphere,
SDRs support the global economy by
enabling seamless communication
across different standards and frequen-
cies, which is vital for international
business operations, industrial applica-
tions, medical technology, mobile com-
munications and space. They ensure
the bleeps, sweeps and creeps all stay
where they should, and do so with very
low latency, and, unlike Spaceballs,
with no raspberry jam.

In the military domain, radio require-
ments have evolved significantly beyond
voice and data communications, now
requiring communication systems that
can run multiple waveforms simultane-
ously to allow communication across
all warfighting domains, something that
currently only SDRs can accomplish.13
These technical breakthroughs allow
radios to go where radios have never
gone before. This has made them a fo-
cus of military coommunications develop-
ment efforts for the last several years.
They facilitate global military operations
by providing versatile and secure com-
munication solutions for command-
and-control systems, tactical battlefield
radios, satcom, radar systems and
more. SDRs can be rapidly deployed
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and reconfigured to meet the demands
of different mission environments. This
flexibility ensures that military personnel
can consistently maintain reliable com-
munications independent of location or
operating conditions.

Today, SDRs are used in a wide range
of applications. They play a crucial role
in enabling commercial requirements
across different standards and frequen-
cies. Just as Vanu got the first one ap-
proved for a cellular base station, SDRs

are now heavily used by mobile tech-
nology companies. They provide low
latency, great flexibility, high interoper
ability and massive multiple input mul-
tiple output (MIMO) capabilities, which
are useful for the 5G physical layer and
the beamforming associated with 5G
signal processing.'1% Space is the
next frontier for SDRs. SDRs have an
advantage over traditional radios in
that they can be reconfigured from the
ground, enabling one unit to be adapted

Drone localization with SignalShark

and ADFA DF Antenna
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for multiple applications. Furthermore,
a single satellite can operate in multiple
frequency bands simultaneously, as
with the European Data Relay System
(EDRS), shown in Figure 7.

Beyond cellular technology and
space purposes, SDRs have become in-
tegral to medical devices—applications
that use RF, such as computed tomog-
raphy (CT) scanners or magnetic reso-
nance imaging (MRI) systems rely on
SDRs. They are also used for remotely
monitoring, controlling and analyzing
industrial devices and processes—su-
pervisory control and data systems, or
SCADA systems. SCADA systems are
used across many industries, including
oil and other pipelines, utilities and wa-
ter and wastewater plants.

The current military SDRs are used
across all warfighting domains and
have advanced encryption to ensure
secure communications in contested
areas. The U.S. military has moved
past the JTRS system, and while it has
not reached the technological level of
Star Trek communicators yet, SDRs
are being used across all the military
departments in all the domains, from
handheld radios, manpack radios for
forward-deployed teams, hardened ex-
peditionary networks, aviation radios,
to space-based radios and SATCOM.
The U.S. Army’'s new Combat Net Ra-
dio (CNR) upgrades existing radios and
provides secure battlefield voice and
data communications critical for suc-
cess in today’s battlefield.1®

Operating a military SDR, like the
Navy's Amphibious Tactical Communi-
cations Systems (ATCS) or the CNR,
outside U.S. borders is fundamentally
a regulatory exercise wrapped around
an RF design problem. Success hinges
on three pillars: regulatory alignment,
technical agility and documented assur
ance. All three must be addressed early
in the DOD's acquisition cycle using the
SSRA process.

For military systems, building a ro-
bust SSRA is essential for design and
procurement decisions throughout the
acquisition process.!” They provide an
early assessment for a system'’s poten-
tial to cause interference to, or suffer
from, other military or civilian RF sys-
tems currently in use or planned for op-
erational environments, both domestic
and foreign.2 The general process is
shown in Figure 8. At a minimum, it
should include:

e System overview for context (MIL:

STD-469G Annex A)

e Technical data sheet for power
density calculations (ITU-R Rec.

SM.329)
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A Fig. 7 The EDRS. Source: European
Space Agency.

Spectrum-Supportability Assessment

1 Spectrum
Certification

Allocation
2 Tables

3 Frequency

Availability

4 Planning

Electromagnetic
5 Compatability
Coordination

A Fig. 8 General SSRA process.

e QOccupied-bandwidth & out-of-band
plots for compliance (CISPR 16-2-3)

e |Interference-hazard analysis (ITU-R
Rec. M.2101)

e Footnote cross-matrix mapping RF
bands to national footnotes (ITU Ra-
dio Regulations)

e EMC/EMI test reports (MILSTD-
461G)

e Signed host-nation license or MOU.
Military host-nation approvals are

critical and time-consuming. National

regulators process each visiting system
individually, for example, requiring fil-
ing for a spectrum license for a satellite
to transmit, an application, a technical
annex, reviews, approvals and some-
times on-site acceptance testing. This
process can take months and involve
multiple rounds of questions. It is es-
sential to know the regulatory author
ity, whether it's the Ministry of Defense

(MOD) frequency office in a NATO na-

tion, or a civilian spectrum regulator like

the National Communications Commis-
sion (NCC) in Nigeria.18

Commercial SDRs are increasingly
sold and deployed worldwide, and like
military SDRs, they must comply with
local spectrum regulations in the coun-
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try where they oper
ate. However, the
approval process for
commercial  equip-
ment is generally
faster and more stan-
dardized than for mili-
tary systems.

Before a commer
cial SDR (like a cellu-

2
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approval from the na-
tional regulatory au-
thority. This ensures
the device will only operate within
permitted frequency bands, at allowed
power levels, and in accordance with
approved technical standards. Unlike
military deployments, which often re-
quire detailed applications and case-by-
case approvals, most commercial prod-
ucts follow a standardized process. This
often includes submitting test results
from accredited labs and complying
with international norms such as those
from the International Telecommunica-
tions Union (ITU), the European Tele-
communications Standards Institute
(ETSI) or the FCC.

Modern commercial SDRs are often
designed with region-specific profiles or
software-based geo-location. This enables
a single device to automatically adapt to
the frequency allocations and power lim-
its specified by local regulators. When the
device is powered up in a different coun-
try, it loads the appropriate configuration,
sometimes based on SIM card location,
GPS data or user selection, ensuring legal
operation without any hardware changes.
Firmware updates can add support for
new markets or adapt to changing regu-
lations, making SDRs highly flexible for
global manufacturers.

For the end user, this means a com-
mercial SDR can be sold and used glob-
ally with minimal changes, provided it
passes the relevant compliance tests.
In short, commercial SDR spectrum
supportability is managed through a
combination of international certifica-
tion standards, reconfigurability and
automated regional adaptation.

Both commercial and military SDR
manufacturers must ensure that, as
they provide systems worldwide, they
accurately map frequency allocations to
the corresponding footnotes in the ITU
regions’ frequency allocation tables, as
shown in Figure 9, since this plays a
significant role. For example, the 225 to

Source: ITU.

A Fig. 9 ITU regions and the dividing lines between them.

400 MHz band is allocated for aeronau-
tical mobile use in Region 2 but has dif-
ferent allocations in Region 1, necessi-
tating adjustments for commercial sys-
tems being marketed and for military
systems being used during exercises.
Specific national deviations also exist,
such as the U.K!s "emergency services
suppression,” where frequencies 380
to 446 MHz are used only for emergen-
cy services. The U.K's emergency band
is the U.Ss land mobile radio. Maintain-
ing a cross-matrix of ITU table entries,
regional footnotes and country-specific
differences is crucial. Spectrum conver-
gence efforts from organizations like
the European Conference of Postal and
Telecommunications  Administrations
(CEPT) and the InterAmerican Telecom-
munication Commission (CITEL) should
also be tracked to facilitate future ad-
justments through firmware updates.

The military has learned many les-
sons both operationally and through
exercises such as Bold Quest 2024 and
Pacific Griffin 2023. Link-16, the tactical
data network used by NATO members,
had emissions that impacted aircraft
positioning receivers in Norway, leading
to a software patch for power reduction.
The NATO Tiger Meet 2022 exercise
highlighted the need for narrowband
frequency-hopping to overcome inter-
modulation issues in crowded bands.
These issues were documented, and
the radio equipment was updated as a
result of the exercises.

By integrating documentation, regu-
latory, technical and real-world infor
mation streams from the outset, com-
mercial and military SDRs remain glob-
ally usable with only minor software
tweaks, avoiding costly redesigns for
the different global spectrum alloca-
tions. SDRs represent a significant ad-
vancement in radio technology, offering
unparalleled flexibility and adaptability.
While they come with challenges, their
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benefits make them invaluable in both
commercial and military contexts. As
we continue to innovate and improve
SDR technology, we can look forward
to even greater capabilities and applica-
tions. Live long and prosper. B
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l Q‘odem radar systems, as
» o demonstrated in Figure 1,
are increasingly embedded within com-
plex, multi-domain platforms—from
airborne surveillance and automotive
sensing to joint radarcommunications
systems. Therefore, designers must
navigate a wide variety of technical
trade-offs to ensure performance, effi-
ciency, and integration.

While radar theory is well estab-
lished, the challenge today is bridging
the gap between high-level perfor
mance requirements and component-
level design choices. The radar range
equation serves as a foundational tool
for making this connection. Still, its ef-
fective use demands an understanding
of system-level objectives and practical
limitations of real-world sub-systems
and components. Originally developed
during World War |l to support radar
performance assessment, the equation

remained classified until after the war,
when it became publicly available and
widely adopted.

Since then, the radar equation has
evolved to incorporate correction fac-
tors to enhance its accuracy and appli-
cability for complex environments and
modern radar systems. Comprehen-
sive treatments, such as those found
in (Barton, 2013), provide detailed for
mulations to improve range predictions
and support the design of contempo-
rary systems.

As a design tool, the radar equa-
tion enables system dimensioning and
facilitates trade-off studies involving
transceiver characteristics, range, and
resolution. It supports informed design
choices and prevents overdesign and
under-design, which can lead to exces-
sive development cycles and cost in-
creases.

An example of a technical section

TABLE 1
FORMAL SPECIFICATION EXAMPLE

Parameter Requirements

i. o of 2 sgm up to 60 km with Pf=1x 10* and Pd = 0.9

Specification at ranges

ii. 0 of 2 sgm up to 20 km with Pf=1 x 10 and Pd = 0.9

iii. o of 0.01 sgm up to 5.0 km with Pf=1 x 10 and Pd = 0.9
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of a radar procurement document or
request for proposal is shown in Table
1. One of the most important param-
eters is range, typically written as “shall
be able to detect a target of minimum
radar cross section, o=0g, at distance
R=Ry km with Pf=Pfy and Pd=Pd,’
where Pf and Pd are the probability of
false alarm and detection, respectively.
Other performance requirements can
include the number of targets, range
resolution and acquisition timing.

Radar Range Equation

For this evaluation, only strictly re-
quired mathematical derivations are
provided, as the emphasis is on us-
ability. Analysis is restricted to thermal
noise being the dominant source of in-
terference.

While the emphasis is on pulsed ra-
dar systems, radar waveforms and ar
chitectures vary widely, including con-
tinuous wave (CW), frequency-modu-
lated CW (FMCW) and pulse-Doppler
systems. However, this diversity does
not diminish the value of a top-down
systems design approach, which re-
mains applicable across radar modali-
ties.

To begin, consider pulse energy,
peak power and pulse duration. The
pulse energy E; is equal to the integral
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A Fig. 1 Typical radar architecture.
of the instantaneous power p over the GrA? 5
interval of time occupied by the pulse, Ae = ar (m?) (6)

i.e. the pulse duration:
E= [pdt ) (1)

For a constant transmit pulse P; of
duration 7 seconds, the instantaneous
power would equal the peak power P,
so the pulse energy would be:

Et=fOTPt dt=Pr () 2)

By applying E; to the input of a
matched isotropic radiator, the energy
per square metre at distance R from
the transmitter is given by:

_ Rt 2
So = AR (J/m*) 3)

G; represents the gain of the trans-
mit radar antenna relative to the isotro-
pic reference, so:

St=50- Gt =
PTGy 2
—47Z’R2 (J/m?) 4)

The radar cross section (RCS), de-
noted by o, quantifies the “effective
echoing area” of a reflective object or
target. If the target is in the direction
of maximum radar antenna gain G; at
distance R, the total energy per square
metre reflected by the target covering
a sphere of radius R centred at the tar
getis:

Sio
S =
" 4zR?
P:tGto
(47)*R*

(J/m?) (5)

The receiver antenna effective ap-
erture A, represents the ability of a
receiving antenna to collect incident
electromagnetic energy from a given
direction:

Thus, the total received energy ref-
erenced at the output terminal of the
receiver antenna can be expressed as:

PtTGtGAe
Ev=5": Ac=—"—"—7 J) (7

Combining Equations 6 and 7, the re-
ceived energy at the output terminal of
the receiver antenna can be given by:

2
£ = AZOCal™ () ®)
(47 )R

This expression makes explicit the
dependency on the carrier frequency
\o= Fand the receiver antenna gain G,.
It shows that the physical size of the
antenna and the transmitted waveform
characteristics (pulse duration 1) con-
tribute to the received energy.

Rearranging Equation 8 vyields the
range equation, expressed in terms of
received energy:

4 PitGiGroA? 4
R* = 3 (m*)
(471') Er

This form is particularly useful when
evaluating radar systems based on re-
quired detection energy thresholds. If
the received energy E, is reduced to
the minimum detectable level Ermin,
and the corresponding range is defined
as the maximum detection range Rmax,
then Equation 9 becomes:

2
RE = PﬂGgﬂ (m®)
(47f) Er,min

This is the maximum radar range
equation: the theoretical upper limit of
detection range under ideal conditions.

The available thermal noise power
generated at the input of an ideal re-
ceiver at systems equivalent tempera-
ture Tg and noise bandwidth B is:

Where k is Boltzmann's constant

()

(10)
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TABLE 2

REQUIREMENTS FOR TRANSCEIVER PARAMETER EXAMPLE

Parameter

Requirements

o of 0.01 sgm up to 10 km with Pf=1 x 10¢ and Pd = 0.9

Specifications at ranges

(1.38x1023 m2kg.s2K1). The band-
width B of a superheterodyne receiver
is taken to be the bandwidth of the IF
amplifier or matched filter. Although the
noise bandwidth is not strictly equal to
the 3 dB bandwidth, in many practical
applications the 3 dB bandwidth is a
sufficient approximation which simpli-
fies calculations without significantly
impacting range estimations, especially
for well-matched filter designs.

The signal-to-noise energy ratio
(§/N) at the input of a receiver with
equivalent temperature T4 and band-
width B is then:

E._ P
(SIN) =B = ¢T.87

And for B=1/t, the expression can
be rewritten for E, as:

E, =(S/N)kTs (J) (13)
- Er,min = (S/N)mkas (J) (1 4)

(12)

Replacing the term E, ;) in Equa-
tion 10 by 14 and rearranging to make R
explicit, it is shown that the maximum
achievable range R=Rmax, happens for

(S/N)=(S5/N)
Rmax =
P.7G:G:oA?

(47) (S/N )i kTs

min*

14
(m) (15

The equation is valid for free-space
and lossless transceivers. It assumes
that the beam direction is ideal, i.e.
that G, G, correspond to maximum
gain directions for transmit and receive
antenna, respectively. In a monostatic
radar system, i.e. where the transmitter
and receiver are co-located and share
the same antenna, GG, becomes G2.

It is important to note that it can be
convenient to replace Tg with the equiv-
alent system noise factor F =TT,
where Ty = 290°K, is the standard
reference. When referring to system
temperature or system noise factor,
not only is the receiver equivalent tem-
perature accounted for, but also the
noise contribution from the antenna.
Assuming a lossless interconnect be-
tween a receiver and an antenna, when
the transceiver is connected to the
antenna, the relationship between the

TABLE 3
RANGE REQUIREMENTS FOR POSSIBLE SYSTEM PARAMETERS
Range Equation Input Linear Scale dB
Parameters
Peak transmit power, P (W) 10000 10 log,,(P) 40.00
Pulse Width, 7 (s) 0.2x 104 10 log, () -66.99
Transmit antenna gain, G, 10000 10 log,(G) 40
Receive antenna gain, G, 10000 10 log,(G)) 40
Central frequency, f, (Hz) 10 x 107 — —
Wavelength"2,\?=(c/f)? 9 x10* 10 log,,(\?) -30.46
Radar cross section,o (m?) 0.1 10 log, (o) -10.00
(4m) (4m) 10 log, (43 32.98
Visibility factor, V= () 10000 10 log,,(Vg) 20.00
Noise power, kT_(W/Hz) 10 log,(KTy) -200.97
Maximum achievable range based on these parameters can be calculated from equation 15 as follows.
Riax[dB]= 10log1o(P:) + 10log1o(r) + 2G[dB]+ 10log10(4?) + 10log10(0)
-[10log10(47)) + 10log10(k) + 10log10(Ts) + 10log1o(Vo) |
=(40-66.99 +40+40-30.46-10)-(32.98 + 20-200.97) = 160.55 dB
160.55 \1/4
Rma = (10776~) " = 10.32km
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receiver noise factor and antenna noise
temperature is given by:

Fs=Ts/To= 1>+ Fa- 1 (16)
0

where T, is the antenna noise tem-
perature and F, is the noise factor of
the receiver.

Modern versions of the original
range equation usually include error
correction functions to compensate
for non-ideal behaviour. The authors
encourage readers to consult compre-
hensive works such as (Barton, 2013;
Pozar, 2021; Balanis, 2016; Richards,
2010; Skolnik, 1980; Omberg, 1947).

Cautions and Limitations using the
Basic Range Equation

While Equation 15 is extremely use-
ful, it is still a starting point and, there-
fore, must not be taken as universally ap-
plicable. It assumes free-space propaga-
tion (no ground reflection or atmospheric
absorption); no multipath, clutter, or inter
ference sources; perfect receiver match-
ing; and a lossless transceiver.

Accounting for real-world environ-
mental effects often renders the range
equation analytically unsolvable. In such

cases, numerical methods or full-wave
propagation models are necessary. Im-
proper assumptions or simplifications
can lead to serious design errors, result-
ing in systems that are overdesigned,
underperforming, or cost-prohibitive.
Designers should be aware of the equa-
tion’s limitations and consider detailed
modelling approaches, when required.

The following examples show this
equation serves as a direct bridge be-
tween performance requirements and
subsystem specifications.

Example 1: Range Estimation

In this example, the goal is to use
the radar Equation 15 to define a set of
transceiver parameters that meet the
following requirements (see Table 2).

The probability of detection, Pd,
and probability of false alarm, Pf, de-
pend on the detector sub-system. They
are essential in determining the mini-
mum visibility factor, Vy=(S/N),;,: the
minimum pulse energy-to-noise ratio
where the pulse can be detected. Due
to the complexity and probabilistic the-
ory required to determine the visibility
factor, it will be assumed that the vis-
ibility factor is a given parameter and

a function of Pd, P/, and B ie. Vy=g
(Pd=0.9,P#=0.1,B=1%).

Consider that V [dB] = 20 dB and
operating frequency fy =10 GHz. With
these assumptions, a possible combi-
nation of system parameters to meet
the range requirement is in Table 3.

There are an infinite number of com-
binations that meet the range require-
ment. This enables system engineers
to optimize designs based on mission-
specific priorities such as SWaP and
available technology. Table 4 presents
examples of parameters that achieve
the same maximum range at which a
target with o = 0.1 m? can be detected
for a fixed fy= 10 GHz and V= 20 dB.

Example 1 illustrates how the radar
equation can translate high-level detec-
tion requirements into quantitative sub-
system specifications. By defining the
desired detection range, radar cross
section, and minimum visibility factor,
V=(S/N) iy the required transmit power,
and receiver system noise temperature
for a given antenna gain were calculated.

This exercise demonstrates the
practicality of the top-down design
thinking: not arbitrarily allocating per
formance budgets to individual compo-

Low Phase Noise Signal Generator for Radar Design and Test
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TABLE 4
COMBINATIONS OF SYSTEM PARAMETERS WITH ANALOGOUS ANSWERS

System

Case Pe;k Transmit F:ulse Antenna Gain, Temperature Range
ower, P, Width, ~ G (dB) Ts (km)

1 10 kW 0.2 us T (NFS5193 gy | 1032
2 S kW 04 us (Gt = Gr= 40 dB) (NF55=7 Sam | 102

J 10kw 03us | (6o Grodteds (NFJ Seam | 1022
4 SOkw 0.2us (Gt =G =37 dB) (NFJ Sham | 1022

nents but aligning parameters that ben-
efit system objectives. It emphasizes
the need for collaborative specification
work and trade-offs across hardware
designers and systems engineering
teams to ensure overall feasibility and
program goals.

Determining Antenna Element Number
from Gain Requirements

In a phased array antenna, the total
radiated field is determined by the ra-

diation characteristics of the individual
antenna elements and their spatial ar
rangement. According to the pattern
multiplication principle, the total field
Eiotal is obtained by multiplying the sin-
gle-element radiation pattern E
by the array factor (AF):

Eclement X AF (1 7)

In logarithmic scale, this relationship
becomes:

element

Etotal =

LPFRS/A\I1

Etotal (dB) =10 |Og10(EeIement) +
10log1o0(AF) (18)

This rule applies under the assump-
tion that all antenna elements are iden-
tical and equally spaced. For a rectan-
gular (planar) array with M elements
along the x-axis and N elements along
the y-axis, and assuming uniform ampli-
tude excitation, the array factor is given

by:
Ao sin(%%) sin(%%)
sin(%zﬁx) sin(%%)
(19)

where the phase terms are defined
as:
W =kd cosb,sind, +B,
W =kd cosb,sind, +B,

e k= N2 is the wave number
* dd are element spacings in the x
and y directions

0, &, define the observation angle
. B B are phase shifts applied for
beam steermg

which in logarithmic form corre-

AIRBORNE RUBIDIUM OSCILLI-\TOR

The LPFRS/AV1 is a low-cost, high-performance rubidium source designed for rugged airborne
applications. It is compatible to the FEI 5650 model and comes in a low-profile package and 2 outputs.
It complies to stringent vibration and shock standards, including low phase noise performance.
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WR19 Narrowband s TUToRIAL
Bandstop Filter o
sin %g&x)
10dB notch between 50.265 to 50.34 GHz AF[dB] = 10log1o A +
sin( )
WR19_BSF e
N
sin(5 )
10logi0y—F7—=< (20)
] Sln< z/fy>
At boresight (broadside direction, where all elements ra-
diate in phase), the maximum value of the array factor occurs

at nj;xzmby:O, leading to:
AFmax=M>< N"AFmax[dB]=
10log10(M X N) (21)

Resulting in:
Gtotal(dB) = Gelement,[dB]"‘ 10'0910([\/’ X N) (22)

Exceed Microwave - Example 2: Array Size and Distributed Transmit Peak Power

designs and produces @ Designed and Manufactured in USA Requirement
narrowband waveguide @ As9100D/1509001:2015 Certifled Taking the total antenna gain determined in Example 1,
bandstop filters. © ITAR Registered and for an array antenna with element of 5 dBi,
Gtotal = 40 dB
+1 (424) 558-8341 G =5 dB
p EXCEED sales@exceedmicrowave.com m AS9100 element

d MICROWAVE exceedimicrowave.com &/ Rev D

Equation 21 can be used to calculate the total number of
antenna elements required to meet the gain requirement:

40 = 10/0910(Gelement,max)+ 10/0910(M X N)

FREQUENCY Bl

40-5
‘ o N I R o L num_elements = M X N =10"10 = 3162.28 elements
For AESA distributed power systems (1:1 =
amplifier:antenna element), and given that in Example 1 jt

was specified that the required total output peak transmit

MADE IN GERMANY power, P, is 10 kW, the required peak power per element
can be found as:

Frequency Modules i = P _ 1000 _
unit_Peak_power nun_channels — 3162 =

Crystal Oscillators
T T 3.16W = 35dBm

Dk Attt Example 2 demonstrates how the total transmit power
Crystals  smaw in a phased array is distributed across elements, and how
- RSN increasing the number of elements allows for reduced peak
power per element while maintaining overall system perfor
mance. This shows an important relationship that can benefit
systems design by balancing array size, element power, and
thermal constraints.

Crystal Filters

Example 3: Distributed Receiver Noise Figure
In a receive array, the total thermal noise power results
from the contribution of the antenna noise, low noise ampli-
KVG fiers (LNAs), phase shifters, attenuators, loss from passive
components and other components within the RF chain. The
kvequartzicrystalilechnologycmbH calculation of total system noise within an RF chain is known
Waibstadter StraRe 2-4 - 74924 Neckarbischofsheim (GER) as cascaded noise analysis. However, system performance
+497263 648-0 - info@kvg-gmbh.de - www.kvg-gmbh.de analysis design is a backward exercise, i.e., from stakeholder
requirements to component-level specifications. For simplic-
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ity, it will be considered that the receiver noise is the LNA
noise.

It will be considered that the total noise, T, is dominated
by antenna and receiver thermal noise:

Ts = Ta + Tn (23)

The thermal noise contribution from the antenna is given
by:

Pa = kTa B (24)

Resulting in total antenna noise (for correlated antenna
noise) at the power combiner output:

Pa,total = (N X M)I(Ta BG (25)

where (NxM) is the total number of antenna elements
as presented in previous section and G is the channel gain.

The receiver noise per channel, i.e. the noise contribution, of
each amplifier at the input terminal of the power combiner is:

Pchannel_in = kTo B( Fa-1 )G (26)

Where F,, is the amplifier (single channel) noise factor. The
noise at the output of the combiner resulting from a single
channel amplifier is then:

kToB(Fn-1)G
2 27)

PchanneLout =

The total uncorrelated noise at the output of the power
combiner is:
Protal_out = Pchannel_out X N = kTo B(Fn -1 )G (28)

Ptotal_out = kT,BG (29)

This equation shows that the receiver noise equivalent
temperature is the same as the channel amplifier for uncor
related noise.

Assuming a total antenna noise temperature, T,= 75 Kand
using Example 1 where system temperature was specified
as Ty = 579 K, the element noise temperature is:

Th=Ts-Ta=579-75=504K

NF =10 X log10(1.74) = 2.405dB

Conclusions

The radar range equation remains a key enabler of per
formance-driven design. Its value lies not just in numerical
computation but in its ability to align technical parameters
with operational goals. When used judiciously within a top-
down engineering approach, it becomes a guiding structure
for navigating complexity, driving optimization, and achieving
balanced, effective radar systems design. &
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quired for demanding test scenarios.

VERSATILITY FROMTHE LABTO
THE FIELD

The VNA400 supports two-port and one-port
measurements, making it suitable for a wide
range of applications, including:
¢ Filter Design and Tuning: Measure insertion

loss, group delay and return loss across the

passband and stopband. Fast sweeps (up to

2000 points/sec at 30 kHz RBW) enable users

to fine-tune filters in real time.

e Antenna Testing and Matching: Optimize
return loss and VSWR in custom antenna de-
signs or perform field verification of installed
systems across a wide frequency range, in-
cluding Ku- and Ka-Bands.

e Amplifier Characterization: Analyze gain,
reverse isolation and input/output matching.
The VNA400 can handle amplifiers with up to
30 dB of gain while supporting high isolation
measurements beyond 120 dB.

e Cable and Interconnect Testing: Identify
insertion loss, discontinuities or impedance
mismatches in RF cables and transmission
lines with time-domain analysis.

e Component Characterization: Evaluate
SMT components, couplers, hybrids and
other RF components to verify performance
before integration.

The ability to support a broad selection of
short-open-load-through (SOLT) calibration kits
ensures the VNA400 can be calibrated accurate-
ly with commonly available standards.
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Breaking
-— Boundaries
AN/l  in W-Band
TECHNOLOGY and .Ka-Band
Solid-State
Power

QPP Series SSPA Utilizes
Gallium Arsenide (GaAs)

Technology:
® Dual-Mode Power: CW + pulsed

(offered 2 to 20 +watts) from
m 92-96 GHz

Rugged, solid-state reliability,
m field-tested

m Radar & Test Bench Ready
Compact & Efficient Design:
6.75" x 8.25" x 3.5" includes
heat sink

QBP Series Ka-Band
High Power SSPA
Utilizes Gallium Nitride
(GaN) Technology:

®m Dual-Mode Power: CW + pulsed
(200 +W) from 32-38 GHz
m Rugged, solid-state reliability,

SCAN QR CODE field-tested .
FOR MORE INFO QBP-35025055-00 m Radar & Test Equipment
m Compact & Efficient Design:

1475 20" % 3F

SCAN QR CODE QPP-94043335-00
FOR MORE INFO

Ka-Band (35 GHz)

i Designed &

i Manufactured in USA
Certified to AS9100 Rev D & RoHS Compliant

Premium power. Precision performance.
Email sales@quinstar.com to learn how our
amplifiers transform your systems.

Powering the next wave of innovation starts here!

QuinStar.com
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A Fig. 1 Example of Signal Hound software suite.

POWERFUL SOFTWARE, SEAMLESS
AUTOMATION

Included with the VNA400 is Signal Hound's VNA software
suite, as demonstrated in Figure 1, designed to streamline
test and measurement workflows. The software provides a
familiar, modern interface with industry-standard presets,
fixture de-embedding and time-domain analysis capabilities.
Engineers can toggle between frequency and time-domain
views to diagnose mismatches or locate reflections along
transmission lines.

The software also supports automated measurement rou-
tines through full SCPI command control, making it easy to
integrate the VNA400 into larger test systems or production

AXILLON

AEROSPACE

St W s

Experts in Next Genera
Electrome

1:\\?, RADAR EMILCOM
PRODUCT FE,

lines. Engineers can script custom measurement sequences
or use the instrument in conjunction with external signal rout-
ing for multi-device testing, all from a standard PC interface.

PRECISION WITHOUT COMPROMISE

Legacy VNA solutions often come with trade-offs includ-
ing cost, size, complexity and a steep learning curve. The
Signal Hound VNA400 delivers high performance RF mea-
surements in a compact, USB-powered form factor that
costs significantly less than comparable solutions without
sacrificing speed, accuracy or reliability. With rugged de-
sign, low power draw and broad application support, the
VNA400 is designed for modern RF engineers who need
precision on the bench and performance in the field. For the
development of radar components, optimization of satellite
communications hardware or troubleshooting of a high fre-
quency link, the VNA400 provides visibility across the signal
path.

CONCLUSION

The Signal Hound VNA400 is more than a portable alter
native to traditional VNAs; it is a fully capable, lab-grade ana-
lyzer designed to keep up with the pace of RF innovation. By
combining a 40 GHz measurement capability, up to 135 dB
dynamic range and a robust software suite in a device that
fits in the palm of your hand, the VNA400 empowers RF en-
gineers to work anywhere the job takes them.

Signal Hound
Battleground, Wash., https://signalhound.com/.

e
e ‘,-W--MM

Specializing in the design, devélopmen
production, and testing of antennas &
radomes across all spectrum domains

www.axillonbaltimore.com
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0.01 TO 10 GHz

MMIC PA's
up to 3W

Linear Power Delivery & High Gain

PMA5-123-3W+
- 8-12GHz

- 28.3dBgain

< +35.7 dBm PSAT
- 30% PAE

« Integrated
Power Detector

VISIT US AT
BOOTH 1351

PMA5-83-2W+

- 0.01-10GHz

- NF,3.9dB

- P1dB, 31 dBm
- P, +33dBm

- 0IP3, +40.9 dBm

PMA5-63-2W+

0.01 - 6 GHz
NF, 2.7 dB
P1dB, +31.2 dB
P, +33.8 dBm
OIP3, +44.5 dBm

LEARN MORE

4 Mini-Circuits



JARIET

Technologies

ELECTRA-M

\EARIETTeChnoog'es introduces
the ELECTRA family of direct
RF sampling transceivers, a platform
pushing the boundaries of analog-to-
digital and digital-to-analog conversion.
ELECTRA devices operate from very
high frequency (VHF) through Ka-Band,
spanning 100 MHz to 36 GHz, with
sampling rates of up to 64 GSPS. This
technology targets demanding applica-
tions including radar, electronic warfare
(EW), satellite communication (sat-
com), 6G/5G cellular, test and measure-
ment instrumentation and quantum
computing platforms.

Traditional RF systems rely heavily
on complex analog frequency conver
sion chains, including mixers, filters and
local oscillators, which add size, power
consumption and system complex-
ity. ELECTRASs direct RF sampling ap-
proach eliminates these intermediate
steps, providing a cleaner, more inte-
grated solution. The result is a flexible,
software-defined architecture that sim-
plifies system design while enhancing
overall performance, adaptability and
scalability.

BENEFITS OF RF SAMPLING

Direct RF sampling enables the
instantaneous digitization of signals
across a wide frequency band, elimi-
nating the need for multiple frequency
down-conversion stages. This approach
reduces system complexity and physi-
cal footprint, lowers power consump-
tion and cuts costs by removing analog

50

RF Sampling

EW, RADAR BMILCOM

PRODUCT FEA

Transceiver Family

Jariet Technologies, Inc.
Redondo Beach, Calif.

components. Additionally, the ability to
digitize wide bandwidths in real time en-
ables the implementation of advanced
digital signal processing (DSP) algo-
rithms that can be updated or optimized
via software, providing flexibility for
multi-mission and evolving applications.

By capturing raw RF signals direct-
ly at high sample rates, systems can
achieve higher fidelity and better noise
performance, facilitating the detection
and processing of weak or transient
signals in challenging environments.
This capability is particularly critical in
scenarios requiring wideband spectral
awareness and rapid frequency agility.

ADVANTAGES OF DIGITAL
UP/DOWN-CONVERSION

Complementing direct RF sampling,
ELECTRA integrates advanced digital
up-conversion (DUC) and digital down-
conversion (DDC) blocks, which out-
perform analog frequency conversion
techniques in multiple dimensions. Un-
like analog mixers and filters, DUC and
DDC are implemented in the digital do-
main, eliminating analog non-linearities,
drift and calibration challenges.

These digital blocks provide precise
control over frequency translation, fil-
tering bandwidth, phase alignment
and gain, all programmable through
software. This flexibility is essential
for modern communication and radar
systems, enabling rapid adaptation
to changing signal environments and
standards. Moreover, DUC/DDC facili-

tates simplified multi-channel synchro-
nization and calibration, which is critical
in phased-array antennas and MIMO
architectures where coherent signal
processing across multiple channels is
required.

KEY ATTRIBUTES

The ELECTRA family offers direct RF
sampling from 100 MHz to 36 GHz, en-
abling coverage across VHF, UHF, L, S-,
C-, X-, Ku-, K- and Ka-Bands with instan-
taneous bandwidths of up to 6.4 GHz.
The 10-bit ADCs operate at 64 GSPS.
The 2T2R and 4T4R transceivers com-
bine ADCs, DACs, PLL/VCO ultra-low
jitter internal clocks per transmit/re-
ceive pair, coarse and fine DUC/DDC,
multi-chip synchronization and a 16-lane
JESD204C SERDES interface running
30 Gbps, as shown in Figure 1. Avail-
able packages are 25 x 25 mm for dual
Tx/Rx and 32.5 x 275 mm for quad Tx/
Rx versions, enabling multi-channel sys-
tem integration. Additionally, ELECTRA
is offered as packaged ICs, bare die and
licensed IP for board-level, MCM, SiP or
ASIC development, serving a range of
system design requirements.

MARKET APPLICATIONS

ELECTRAs features serve multiple
cutting-edge markets, including EW, ra-
dar and phased arrays, satcom, 5G/6G
wireless, test and measurement and
qguantum computing. ELECTRA serves
the EW market through its signal digi-
tization for rapid threat detection and

EW, RADAR & MILCOM = SEPTEMBER 2025
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A Fig. 1 Example block diagram of ELECTRA.

countermeasures. It is used in radar,
which prioritizes superior resolution,
target tracking and low latency process-
ing. In the satcom market, the ELEC-
TRA family is used in gateway links and
phased-array antennas for LEO, MEO
and GEO satellites. As 5G/6G wireless
grows, the ELECTRA family can scale
with it due to its operation into the FR2
frequency range. ELECTRAS ability to
both capture and generate RF signals
has made it appealing to the test and
measurement industry. Finally, the

Fast

Accurate
Traceable

Power Sensors
Power Monitors

Thermocouple
Peak & Pulse
True-RMS
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/%dm, Max Voltage 10VDC, 0%

precision RF readout is used in quan-
tum computing. ELECTRA technology
spans a multitude of industries.

Advantages in Radar Design

ELECTRA enhances radar system
performance by enabling direct digiti-
zation of wide bandwidth signals with
excellent noise spectral density and
phase noise, which translates into bet-
ter target discrimination. Its multi-chan-
nel 2T2R/4T4R architecture supports
dense radar arrays with tight synchroni-

«LB5944L
® 9kHz to 44GHz
® RMS Responding
e Wide Dynamic Range
e Optional HiSLIP LAN
e Defense & Space

e Connector Options
- Standard: 2.4mm Male
- Optional: 292 M/ F

LB5944L

True-RMS

Manufactured in Boise ID, USA
www.ladybug-tech.com

zation and calibration, enabling scalable
solutions that can adapt to evolving op-
erational needs. This flexibility enables
radar designers to implement complex
waveforms and signal processing tech-
niques that improve situational aware-
ness and threat detection.

Advantages in EW Design

In the demanding domain of EW,
where spectral agility and rapid re-
sponse are vital, ELECTRAs wideband
instantaneous sampling capability cap-
tures signals across a broad spectrum
in a single step. This reduces system
complexity and improves time-to-acqui-
sition. Integrated ultra-low jitter clocks
and high dynamic range converters
ensure sensitive detection of weak or
transient signals in dense RF environ-
ments, while multi-chip synchronization
supports scalable EW arrays for spatial
filtering and jamming. ELECTRASs pro-
grammable DSP and software-defined
nature enable rapid adaptation to
emerging threats, making it an asset
for modern EW systems.

Advantages in Satcom Payloads

Satcom payloads benefit from ELEC-
TRASs ability to digitize and generate RF
signals directly across a vast frequency
range up to Ka-Band. This capability sup-
ports high-throughput multi-beam and
frequency-agile gateway links, enabling
more efficient spectrum use and en-
hanced data rates. By eliminating multi-
ple frequency conversion chains, ELEC-
TRA reduces size, weight and power
consumption (SWaP), which are critical
parameters in space-borne systems.
Its integrated clocking and synchroniza-
tion enable the coherent operation of
phased-array antennas and beamform-
ing modules, which are essential for dy-
namic beam steering and satellite net-
work flexibility. Software-defined control
ensures future-proofing against evolving
standards and mission profiles.

Jariet Technologies is a fabless
semiconductor company, headquar
tered in Redondo Beach, Calif. Jariet
was founded in 2015 by Charles Harper
(CEO) and Craig Hornbuckle (CTO) to
develop world-leading RF sampling
data converter and RF transceiver ICs.
The ICs and IP developed by Jariet are
often utilized in advanced receive and
transmit hardware found in EW, radar,
satellite payloads, satellite ground sta-
tions, 5G/6G communications, optical
systems, quantum computing, wire-
less backhaul and test equipment.

Jariet Technologies, Inc.
Redondo Beach, Calif.
www.jariettech.com/
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lxasternack, an RFE microwave and
mmWave provider with over 50 years
of expertise, offers RF coaxial contacts
for D38999 cable assemblies. These
coaxial contacts are used in demand-
ing environments that require high fre-
quency data transmission. Pasternack’s
RF coaxial contacts are integral to the
D38999 cables used in aerospace, mili-
tary and industrial operations, helping
to advance their functionality and with-
stand harsh conditions.

Pasternack’s RF coaxial contacts for
D38999 cable assemblies are designed
for precise impedance matching to min-
imize signal reflection and maximize
signal integrity. The coaxial contacts are

RF Coaxial Contacts for
D38999 Cable Assemblies

used in military applications, reaching
frequencies of up to 60 GHz and sup-
porting the bandwidth requirements of
advanced communication systems.
When D38999 cable assemblies
have RF coaxial contacts, they become
more compatible with a variety of con-
nector types and sizes for integration
into existing systems. Pasternack of-
fers standard and custom length cable
assemblies with a D38999 contact on
one end and either an SMA connec-
tor or a D38999 contact on the other.
Combinations can include BMA, BMB,
BMZ, M39029, SMPM and SMPS con-
tacts on UT047 UT086, UT141, RG174
and RG316 cables. The other end of the

cable can have another 38999 pin or
socket or a male or female SMA con-
nector to interface with a different RF
system.

In an industry reliant on high per
formance connectors, Pasternack’'s RF
coaxial contacts for D38999 cable as-
semblies help military and aerospace
engineers enable system reliability, du-
rability in harsh environments, signal in-
tegrity and straightforward integration.

Y/VENDORVIEW

Pasternack, an Infinite
Electronics brand
Irvine, Calif.
www.pasternack.com

-
l::ravant's SAY-3735135302-22-S1-DP-
WR is a dual polarized 2.4 m Q/V-Band
Cassegrain antenna system engineered
for next-generation LEO satellite com-
munication ground stations. The an-
tenna operates from 37 to 52 GHz with
a transmit frequency range of 46 to 52
GHz and a receive frequency range of
37 to 42 GHz.

The system features an integrated

54

0/V-Band Cassegrain
Antennas for Ground

Systems

orthomode transducer (OMT) and
bandpass filters with high port isolation
and signal rejection between the trans-
mit and receive channels. The antenna
also includes a linearto-circular polar
izer, allowing it to transmit and receive
circularly polarized signals.

To support performance validation
of this 2.4 m Q/V antenna and other
electrically large high frequency anten-
nas, Eravant now offers nearfield test-
ing services using a newly acquired
3.5 m x 3.5 m planar nearfield range.
Standard measurement capabilities in-
clude gain and radiation patterns up to
110 GHz. Customized test parameters,

such as frequency range, polarization or
step size, can also be accommodated
on a case-by-case basis.

As part of its mission to make
mmWave accessible, Eravant designs
high performance components and
systems that reduce the barriers of
cost, complexity and capability — em-
powering engineers to innovate faster
at higher frequencies.

JVENDORVIEW

Eravant

(Formerly Sage Millimeter Inc.)
Torrance, Calif.
www.eravant.com

EW, RADAR & MILCOM = SEPTEMBER 2025



Featuring Keynotes ¢ Technical Sessions * Workshops

EDI CON Online brings much needed technical training and information directly to engineers’
desktops and mobile devices. Free, real-time training with easy registration and access.

ONLINE

EDUCATIONAL DAYS

S1/P1/PCB/Interconnect/EMI

Live attendees can participate in Q&A sessions &
earn IEEE CEU’s

EDICONONLINE.COM

Organizedby ::g;iszgn Official Publications Jgﬂ%ﬁgl Sigv erity

+ Integrity - EMC/EMI Journal“




'ﬁ‘

he Exodus AMP20176 is a high-
power, broadband solid-state amplifier
designed for mission-critical applica-
tions that require reliable performance
across the 6.0 to 18.0 GHz spectrum.
It delivers a minimum saturated power
of 1000 W, a typical power of 1200 W
and a P1dB of 600 W. The AMP20176 is
used for CW and pulsed operations for
EMC/EMI testing, military commmunica-
tions, radar and advanced laboratory
environments.

This  ruggedized, rack-mounted
system employs a Class A/AB linear
architecture with cutting-edge GaN
transistor technology, delivering a per
formance of 60 dB minimum, with £2.5
dB gain flatness over its full operational
bandwidth. Integrated protection cir
cuitry safeguards against input over
drive, excessive VSWR (operating up to

High-Power Solid-State

Amplifier

4:1) and overtemperature, ensuring un-
interrupted operation. Optional digital
monitoring and control (DMC) provides
real-time visualization of key parame-
ters, including forward/reflected power,
gain, VSWR, current and thermal data,
accessible via a full-color touchscreen
interface or remotely through Ethernet,
USB, RS422/RS485 or optional GPIB
connections.

The AMP20176 is housed in a stan-
dard 40U rack configuration. It weighs
approximately 450 kg and includes four
8U amplifier drawers and a 3U intel-
ligent controller. It operates from 200
to 240VAC, has a 3-phase input and
draws approximately 20 kW at full-rat-
ed power. A quiet-cool closed-loop air
liquid cooling system maintains stable
thermal performance in ambient condi-
tions from 0°C to +50°C.

Full Spectrum Agility.

MILITARY & SPACE QUALIFIED

* Microwave Power Modules (MPMs)
» Solid-State Power Amplifiers (SSPAs)
* Traveling-Wave Tubes (TWTs)
» Crossed-Field Amplifiers (CFAs)

Together, We Can Go Farther.
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e Thyratrons
* Magnetrons
* Klystrons

* RF & Microwave Components

Optional features such as forward
and reflected RF sample ports, calibrat-
ed power monitoring with offset correc-
tion and safety interlocks increase ver
satility for integration into automated
systems or deployed field installations.

Exodus Advanced Communications
specializes in LDMOS, GaN HEMT
and GaAs technologies, manufacturing
high-power amplifiers, broadband am-
plifiers, pulse amplifiers for radar and
HIRF, as well as low-noise amplifiers
and multi-band systems spanning 10
kHz to >75 GHz.

Y)VENDORVIEW

Exodus Advanced
Communications
Las Vegas, Nev.
exoduscomm.com

"'IF Stellant

Onlj 'vertica_lly integrated space
TWTA supplier in the world and

only manufacturer of ’ <
space-qualified TWTs in USA -

StellantSystems.com
in ¥ @ f
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New Broadband
20 W PA

AgileMwT’s new broadband
20 W power amplifier (PA)
operating from 2 to 18 GHz
is offered in an ultra-com-
pact size of 3.5 x 2 x 0.4 in.
AMT-A0590 provides Psat of
20 W typical with flat small
signal gain of 45 dB typical, £ 1 dB typical gain flatness with
VSWR of 1.8:1 typical. Family of these PAs are competitively
priced and ship from stock or short lead time.

Agile Microwave Technology Inc.

www.agilemwt.com

Compact
Microwave
Synthesizer Module
- Portable/
Integrated Source
EcoSyn™ Lite MG36021A
covers 10 MHz to 20 GHz
and offers outstanding sig-
nal purity, +18 dBm output
power at 20 GHz and ultra-fast 50 ps switching speed in a
very small 4 x 4 x 0.8 in. package. Powered via external 12
VDC and controlled through USB or SPI interfaces support-
ing SCPI and QuickSyn commands. Ideal source solution for
use as LO, system clock and other embedded applications.
Anritsu Company
www.anritsu.com/en-us/test-measurement/products/
mg36021a

SMT Microstrip
Circulators and
Isolators

YVENDORVIEW

Cernexwave's SMT  Mi-
| crostrip Circulators and Iso-
lators are an ideal solution
for broadband or narrowband signal control in a very small
package. They are tailored to the exact frequency you need
while maintaining low insertion loss and high isolation.
Cernexwave can also customize the size, shape and port lo-
cations to fit perfectly in your system. They can operate from
as low as 2 GHz to as high as 30 GHz and handle power
levels of 20 W or higher.

Cernexwave

www.cernexwave.com
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COMPANY SHOW

ADRF5238

\WJVENDORVIEW

The ADRF5238 is a high
isolation, non-reflective, 0.1
to 13 GHz, silicon, SPDT
switch in the silicon pro-
cess. This device operates
from 0.1 to 13 GHz with an
insertion loss lower than 1.3
dB and an isolation higher

D ANALOG
DEVICES

ADRF5238

than 41 dB at 13 GHz. The

ADRF5238 has a non-reflective design, and the RF ports are
internally terminated to 50 Q. Applications for the ADRF5238
include military radios, radars and electronic counter mea-
sures.

Analog Devices, Inc.
www.analog.com/en/products/adrf5238.html

Next-Generation
(R LX-LON Antenna and
e HanPertomance ArtemnassRadomes=— | Radome Solutions
‘ - : - for the EW Spectrum
Axillon  Aerospace (Balti-
more) is an industry leader
that specializes in the de-
sign, development, produc-
tion, testing and repair of
high performance antennas
and radomes. Their products
are utilized for various elec-
tronic warfare, satellite commmunications, signals intelligence
and communication, navigation and identification applications.
The facility is located in Baltimore, Md., in a modern 75,000+
square foot facility that houses an integrated fully vertical op-
eration including design, engineering, test, production staff
and manufacturing equipment.
Axillon Aerospace
www.axillonbaltimore.com

Empower RF Model
2180

\)VENDORVIEW

The Empower RF Model
2180 is a field-proven, reli-
able solid-state 2 KW CW
amplifier (1 to 2.5 GHz) ideal
for GPS denial, satcom jam-
ming and uplink communica-
tions. Boasting high linearity,
selectable AGC/ALC modes
and an intuitive web GUI, it
delivers unmatched perfor
mance and reliability in mission-critical environments.
Empower RF
www.empowerrf.com/products/display_amplifier.
php?sku=2180&source=MWJ

1000 - 2500 MHz
SKU 2180
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mmWave Thermal
Vacuum Testing
Services
(!)\/ENDORVIEW

Introducing Eravant’s
mmWave Thermal Vacuum
Component Testing Ser
vices. Simulate the extreme
temperature ranges and
vacuum conditions required for mmWave component testing
for space qualification. The 24 x 24 x 24 in. chamber allows
for testing from -160°C to +250°C with an operating vacuum
pressure up to 1 x 10°torr. In addition, a variety of in-house
test equipment and components from DC to 110 GHz are
available for customer use, including specialized coaxial vac-
uum RF feedthroughs from SMA to T mm.

High Performance
Passive
Components
VENDORVIEW

Exceed Microwave provides
custom high performance
passive microwave compo-
nent designs up to 110 GHz for defense, space and com-
mercial applications. Exceed Microwave is AS9100 certified
and ITAR registered, providing high-quality, high performance
passive components. They provide various types of designs,
each with its own unique values and are designed and made
in the U.S. Many of Exceed'’s designs offer extremely high Q
factor, allowing very low insertion loss and high-power han-
dling.

COMPANY suow_z

Ka-Band High
Power Amplifier
from ERZIA

The ERZ-HPA-2000-4000-39
is a high performance Ka-
Band high power amplifier
designed for demanding RF
applications. Operating
across a wide frequency
range of 20.00 to 40.00
GHz, it delivers a robust output power of 39 dBm. With a
small signal gain of 52 dB, this amplifier ensures excellent
signal amplification and stability. Its compact design and
high power output make it ideal for satellite communica-
tions, radar systems and electronic warfare.

Exodus 18.0 - 40.0
GHz, 80 W SSPA
ANP20167

VENDORVIEW

Exodus AMP20167 18.0
to 40.0 GHz, 80 W solid-
state amplifier and 49 dB
gain. Ideal for broadband EMC and lab testing, MIL-STD
461(RS103) and other high-power applications. The 6U de-
sign provides outstanding power/gain flatness with forward/
reflected power monitoring in dBm and watts. Other fea-
tures include VSWR, voltage, current and temperature sens-

ing.

~y
CORPORATION

AXTAL

.’ TCXO

(-Tech Corporation 310.836.7900 sales@q-tech.com https://q-tech.com
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50 Years of Cutting
Edge MIL-SPEC

Components:
DC-110 GHz
Y)VENDORVIEW
KRYTAR focuses on de-
signing and producing
ultra-broadband  MIL-SPEC

components catering to a wide range of defense electronic
applications, including test equipment, simulation systems,
satcom and SOTM, radar and IED jammers, radar systems,
electronic warfare (ECM, ECCM and ESM) and quantum/
cryogenic. KRYTAR products are designed and manufactured
in the U.S. Whether perfecting wireless networks, satellite
communications, advancing defense systems or exploring
space, KRYTAR delivers off-the-shelf and custom solutions
designed to meet your specific needs with unparalleled pre-
cision, quality and reliability.

DC - 20 GHz
Wideband Low
Noise Amplifier

YVENDORVIEW

The AMM-9853PSM is a
wideband low noise ampli-
fier capable of providing 16
dB gain and +27 dBm OIP3
with a low 1.8 dB typical
noise figure. It is an ideal
linear signal amplifier for ap-
plications requiring low power consumption and small form-
factors, featuring exceptionally flat response across its entire
operating bandwidth. Available in a compact 3 mm QFN.

Miniature Air Coils
for High Reliability,
RF and Microwave
Applications
Microwave  Components,
Inc. (MCI) in Dracut, Mass.,
is a small, veteran-owned
manufacturer of miniature air
coils. MCI has proudly been
delivering custom, high Q,
miniature air inductors to the
aerospace, defense and space markets since 1978. Materi-
als include bare and insulated gold, copper, silver, gold plated
copper, nickel copper alloy and aluminum wire. Inductances
from 1 to 1000+ nH.
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New Connector
Options for the
LB5944A 44 GHz
Power Sensor

\JVENDORVIEW

The LB5944A 1 MHz to
44 GHz True-RMS  power
sensor can now be ordered
with its standard 2.4 mm
male connector or optional
2.92 mm, male or female connectors. The 2.92 mm connec-
tor offers compatibility with commonly used 3.5 mm and
SMA connectors, providing a wide array of RF connectivity.
These same options are available on the 9 kHz to 44 GHz
LB5944L power sensor. The power sensors offer optional
HISLIP LAN/Ethernet with Power over Ethernet. The LB59XX
series features Tier 1 traceability, frequency coverage up to
75 GHz, an 86 dB dynamic range, and data security options
including secure erase and option MIL.

Lady Bug

==
—

LB5944L =

True-RMS

0.6-7.25 GHz High
Accuracy Butler
Matrices

i P - | @vENDORVIEW
o Mlcable 0.617 to 725 GHz
4x4 and 8x8 butler matri-
ces can transfer the signal reciprocally from any of four or
eight ports to any of other four or eight ports. Because the
high performance passive components and cables are used
inside, the system has super phase accuracy, amplitude bal-
ance, stability and repeatability. They cover the world’s main-
stream 5G NR (FR1) Wi-Fi 6E bands, making them an ideal
choice for 5G testing, Wi-Fi 6E testing, MIMO testing, mul-
tipath simulation and performance evaluation, antenna array
beamforming and other applications.

Fast. Agile.
Unstoppable:
MPG’s EW Tuner

MPG’s Electronic Warfare
(EW) Tuner delivers rapid,
agile tuning across wide fre-
guency ranges, empower
ing mission-critical systems
with precision signal capture and interference mitigation.
Designed for high performance EW environments, it offers
low latency, high dynamic range and robust packaging op-
tions for airborne, ground and naval platforms. Whether inte-
grated into radar warning receivers or spectrum monitoring
systems, MPG’s EW tuner ensures reliable, responsive per
formance in complex threat scenarios — supporting decisive
action in today's contested electromagnetic spectrum.

www.mpgdover.com
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New e-Vibe™ Series
of Electronically

. ’E“ Compensated

& = | 0CXO0, X05503-

= 100 MIHz

Mtron announces the launch
of the XO5503 product line
of e-Vibe™ OCXOs, featuring excellent vibration compensa-
tion in a small, lightweight package. The family incorporates
a SC-cut quartz resonator and electronic vibration compensa-
tion resulting in 0.02 ppb/g G-sensitivity. The e-Vibe ™ OCXO
replaces bulkier mechanically vibration compensated prod-
ucts and improves system performance while reducing size
t02.0"x 1.5” x 0.8" and weight to 70 grams. Other features:
a wide temperature range (-45°C to +85°C) and stability
down to +/-200ppb.

9750 MHz Surface
Mount Cavity Filter

Introducing the NIC X-Band
Surface Mount Cavity Filter,
built with high-temperature
(Sn95Sb05) solder to en-
dure standard PCB reflow
profiles of up to 215°C. This
advanced filter delivers im-
pressive performance with a passband insertion loss of less
than 1 dB and exceptional out-of-band rejection greater than
60 dB, even up to 3x the center frequency. Its compact and
durable SMT design makes it the ideal choice for demanding
applications in radar, electronic warfare and space missions.

N Mtron’

EW, RADAR BMILCOM
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Drone Localization
with SignalShark
and ADFA DF
Antenna

Narda Safety Test Solutions’
SignalShark and ADFA DF
antenna enable precise de-
tection and geolocation of
hostile drone signals. The

system delivers high sensi-

tivity, fast direction finding
and accurate bearings — even in congested RF environ-
ments. ldeal for mobile units, perimeter security and EW
missions. Compact, rugged and reliable — a trusted tool for
armed forces and integrators worldwide for mission-critical
spectrum dominance.

Broadband
Amplifier
The 5294E is a 100 W broad-
band amplifier that covers
g the 700 to 6000 MHz fre-
- quency range. Power levels
available in this range are
from 15 to 500 W. Pure solid-state and linear. Perfect for EW,
EMC, CW/Pulse and other lab applications. All are 100 per-
cent made in the U.S. and come with a multiyear warranty
backed by Ophir RF's commitment to customer satisfaction.
Contact us for more information.

V2] RF Components & Solutions

for Mission-Critical Defense, including
Radar, EW and MilCom applications:

\/ Precision resonators, filters, oscillators, and RF solutions

\/ Proven U.S.-based design and manufacturing

\/ 60+ years supporting aerospace & defense

We turn demanding requirements into trusted performance.

See what we can build together at mtron.com.
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New SOSA Aligned
ATR Enclosures

Utilizing the 3U OpenVPX
form factor, the various
chassis platforms typically
support 100GbE or higher
speeds. The new ARINC 404
5/8 size ATRs from Pixus features customized I/O options
and various SOSA slot profile options, including RF and opti-
cal interfaces through the backplane. For chassis manage-
ment, the ATR has the option of implementing Pixus’ SOSA
aligned Tier 3 mezzanine-based solution that sits behind the
backplane. This saves a slot of space while acting as a health
monitor and control module for the system.

Pixus Technologies

www.pixustechnologies.com

Quartz Crystal
Resonators Built to
MIL-Spec, Ready
for Any Mission
Y)VENDORVIEW

Quantic Croven'’s
MIL-PRF-3098 QPL crystals
enable low phase noise fre-
qguency control and timing performance from 2.4 to 125 MHz.
Qualified through full Group B testing and supplied with 100
percent Group A screening, these AT-cut resonators offer ex-
cellent frequency-temperature stability (+20 to 50 ppm), min-
imal aging (~+5 ppm/year) and robust operation from -55°C
to +105°C across CR55/U through CR141/U series. Available
in HC-35 and HC-43 enclosures, they deliver precision and
reliability for space, aerospace and military platforms.
Quantic Croven
www.quanticcroven.com/products/qpl-crystals/

BAfGl: & snon

QPP Series Pulsed
GalN SSPAs

YVENDORVIEW
QuinStar's QPP Series
Pulsed GaN SSPAs deliver
high peak power, fast rise/
fall times and low droop
for instrumentation radar,
including weather and RCS
testing. Engineered for pulsed/CW modes, they outperform
tube amplifiers with higher reliability, smaller footprints and
no warm-up time. Available at 94 GHz and ~35 GHz, these
compact, U.S.-built, military-qualified SSPAs are trusted in
defense and lab environments where performance, uptime
and precision matter most.

Quinstar Technology

www.quinstar.com

62

Q-Tech and AXTAL
Crystal Oscillators,
Delivering the Best
for Defense
Applications for
Over 50 Years

Q-Tech and AXTAL offer a full line of crystal oscillators de-
signed for use in critical military and defense applications
where precise timing, reliability, durability and performance
are essential to meet the extreme operating conditions. Os-
cillators may be screened to MIL-PRF-55310, Level B as re-
quired. Combined, Q-Tech and its subsidiary AXTAL offer a
full range of military/defense devices including crystal oscil-
lators (XOs), voltage controlled (VCXOs), temperature com-
pensated (TCXOs), oven controlled (OCXOs), microcomputer
compensated (MCXOs) and surface acoustic wave oscilla-
tors (SAWs).

Q-Tech

www.q-tech.com

®@QrcH

Crystal Oscillators for Military / Defense Applications

Mil-Aero and
Space-Qualified
Passive
Components

For over 35 years, M-Wave
Design (now part of the
Quantic portfolio), has de-
livered solutions for aero-
space and defense sys-

tems. We offer a vast library

of high-power, low loss pas-
sive components in connectorized, stripline and wave-guide
topologies. Contact our sales team and learn how we can
support your specific application needs!

Quantic M-Wave

www.quanticmwave.com

RF and Microwave
Filters and
Integrated
Assemblies
\WJVENDORVIEW

Reactel manufactures a
line of filters, multiplexers
and multifunction assem-
blies covering up to 67 GHz.

From small, lightweight
units suitable for flight or
portable systems to high-power units capable of handling up
to 25 kW, connectorized or surface-mount — their talented
engineers can design a unit specifically for your application.
Reactel, Inc.

www.reactel.com
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NEW Renaissance

= - R Converters Deliver
4 = - Precision and
e RS ’ Power for LEOS

Networks

Renaissance Electronics
s introduces broadband con-
verters for the LEO satellite
market: the HBUC34187-192 Block Up-Converter (1 to 6 GHz
input, 26 to 31 GHz output) and the HBDC34187-193 Block
Down-Converter (16 to 21 GHz or 26 to 31 GHz input, 1 to 6
GHz output). Designed for flexible band tuning within operat-
ing frequencies, these compact 6 x 8 in. units deliver high
performance for satellite communications. Ideal for next-gen
systems where signal clarity, size and speed are mission-
critical.
Renaissance Electronics
www.aeminc.com/en-us/custom-ka-band

SMP Solutions
with True 40 GHz
Performance
Samtec’s enhanced SMP
solutions deliver true high

frequency performance
through 40 GHz, support-
ing Ka-Band requirements

in military applications. SMP
stack heights align with
Samtec's digital high speed
board-to-board connectors, simplifying system design where
mixed signal (analog and digital) integration is needed. The
push-on design enables quick, easy mating while the bullet
adaptor compensates for misalignment. True 40 GHz SMP
solutions are available as board-to-board and cable-to-board
mated sets.

Samtec

www.samtec.com
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MM5230 26 GHz
High-power SP4T
RF Ideal Switch

\WJVENDORVIEW
Menlo Micro’s MM5230
high-power  SPAT  Ideal

Switch® operates from DC
to 18 GHz and to 26 GHz in
SuperPort mode. It delivers
25 W CW and 150 W pulsed power handling with excellent
linearity (IIP3 95 dBm) and low insertion loss (0.3 dB at 6
GHz). Housed in a 2.5 x 2.5 mm BGA, it supports over 3
billion switching cycles. Ideal for replacing bulky RF relays
and lossy solid-state switches in test, defense, wireless and
medical systems. Available now from RFMW.

RFMW

www.RFMW.com

High Performance
Coaxial
Connectors and
Cable Assemblies

San-tron is a U.S.-based
manufacturer of RF/micro-
wave coaxial connectors
and cable assemblies with over 70 years of experience. Lo-
cated in Ipswich, Mass., the company is vertically integrated
to design, machine and assemble high performance prod-
ucts up to 110 GHz. Core product offerings include SMA,
2.92 mm, 2.4 mm and 1.85 mm field replaceable connectors
in addition to custom designs for a variety of connector inter
faces. Primary markets served are telecommunication, test
and measurement, aerospace, defense, medical and quan-
tum computing.

San-tron

www.santron.com

SOSA™ Aligned Products in the
Slot Profile Configuration You Need
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With a huge selection of SOSA aligned backplane & configuration options, Pixus has a solution
for you. We offer a vast array of slot sizes in speeds to 100GbE, PCle Gen4, & beyond.

Contact Pixus today!

T
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23 GHz RF Signal
- .~ | Source
== The SCB531A is an RF

,,.M =3
© @mmp . ' - | source covering the fre-
- quency range of 500 kHz to
A= P o 23 GHz with fast frequency
$Ou i switching, 1 Hertz tuning

= resolution and low phase
noise. It accepts 10 MHz,
100 MHz and 1.6 GHz reference signals and outputs its in-
ternal 1.6 GHz reference signal that could be used to syn-
chronize multiple SC5531A devices, greatly improving their
relative phase stability. The product features fine amplitude
adjustment in the range of -40 to 15 dBm.

Signal Core

www.sighalcore.com

Spacek Labs
Amplifier
SLKaQ-38-15

Spacek Labs" amplifier,
Model SLKaQ-38-15, has
excellent performance char
acteristics from 26.5 to 50
GHz. Ideal for 5G frequency
range 2 applications. With a
NF of 3.8 dB and output P1dB of 15 dBm typical, the unit
has a nominal gain of 38 dB min., 43 dB typical. VSWR is
1.5:1 typical using 2.4 mm connectors. Bias voltage +8 to
+12 VDC at 0.3A. Without a heatsink, overall amplifier size is
113 x0.93 x 0.31 in.

Spacek Labs, Inc.

www.spaceklabs.com

Leading Provider of
MPMs and SSPAs

Stellant Systems is a lead-
ing provider of microwave
power modules (MPMs)
and solid-state power am-
plifiers (SSPAs), offering a
| range of frequency bands
| and power levels to meet di-
| verse mission requirements.
Our MPMs and SSPAs de-
liver proven performance
across aerospace and de-
fense applications. Qualified
for space, ground, sea and
airborne platforms, these
compact, lightweight and highly reliable high-power ampli-
fiers drive next-generation advancements in communication,
electronic warfare, radar and other microwave and mmWave
systems.

Stellant Systems

www.stellantsystems.com

4(}— Stellant

Microwave Power Modules (MPM) and
Solid-State Power Amplifiers (SSPA)

Solutions for Every Mission

Together We Can Go Farther.
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One-Stop Shop for
YourTest &
Measurement
Needs

Signal Hound now offers
a comprehensive suite of
high performance test and
measurement equipment.
Find spectrum analyzers
with ultra-low phase noise and sweep speeds up to 1 TB/
sec. Measure phase noise with precision using the PN400
test system. Make S-parameter measurements in the field
with the new USB-powered, 40 GHz, 2-port VNA400. Switch
from LF through Ka-Band at lightning-fast speeds with the
RFS44 antenna switch. Download the new product catalog
to learn more about our premium accessible test equipment.
Signal Hound

www.signalhound.com

Hermetically
Packaged

| mmWave Up/down-
converter for Easy
Retrofit of Existing
Systems

Engineered for defense and
rugged applications, this
compact 2.0 x 2.1 x 0.6 in.
up/down-converter enables
conversion between 18 to 40 GHz and standard 2 to 18 GHz
EW bands. Housed in a hermetically sealed package, it's ide-
al for rapidly upgrading existing systems to extend spectral
coverage to 40 GHz. The unit features SMPM connectors,
a single Micro-D interface and supports SPI, 12C and digital
I/O. Operates from a single voltage supply with a wide input
range of +12 to +48 V.

Spectrum Control
www.spectrumcontrol.com/products/rf-digital-blocks/rf-sips

Teledyne Aerospace
& Defense

Electronics

Teledyne Aerospace & De-
fense Electronics provides
advanced RF and microwave
technologies supporting

electronic warfare, radar,

military communications
and satellite systems. Engineered for mission-critical appli-
cations, Teledyne’s solutions deliver exceptional reliability,
performance and redundancy in the most demanding op-
erational environments. With a comprehensive portfolio and
a legacy of innovation, Teledyne enables defense and aero-
space platforms to operate with precision and resilience. Its
commitment to quality and technological excellence makes it
a trusted partner in safeguarding global security and mission
success.
Teledyne Aerospace & Defense Electronics
Teledyne-ade.com
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Designed for

i Durability.
Engineered for
Excellence

Trexon solves the world's
most challenging connectiv-
ity problems with relentless
innovation, industry exper
tise and constant collabora-
===\ tion. Formed from the com-
bination of top wire and cable companies, Trexon provides
an expanding range of specialized products and solutions
designed for rugged and specific conditions. The Trexon En-
gineered Products Group consists of the following industry-
leading companies; Cicoil, EZ Form Cable, The First Electron-
ics Corporation, Hydro Group, Integrated Cable Systems and
Power Connector Inc.

Trexon Company

https://youtu.be/n9ufNoBtJOM
https://trexonglobal.com/engineered-products/

Hand Formable
Solution Providing
Si

The original alternative to
semi-rigid and conformable
cable assemblies — Re-Flex!
Using IW's proprietary lami-
nated Teflon dielectric and
double shield construction,
Re-Flex provides a unique,
hand formable solution providing signal integrity for inside
enclosure applications. The solder free outer braid enables
repeated flexure without micro-fracturing or cracks at the
connector solder joint. Performing to 60 GHz, and available
with a wide range industry standard interconnect options
(threaded and push-on) for 085 and 141 line sizes, Re-Flex
simplifies design and aids manufacturability.

Insulated Wire
https://insulatedwire.com/flexible-coaxial-cables-3/

f Bvrave
L SUPPLEMENT TO ;‘le]‘

Aerospaces This A&D Electronics

Ssiidsae | Special Supplement
" eBook covers topics such

as applications for RF

over fiber technology,

s international spectrum

kg supportability for

software defined radios,

troubleshooting AESA T/R

modules and test stations, liquid cooled SSPAs

for SATCOM uplinks, SMT mmWave converters

with digital control, fiber optic cables for

harsh environments, high-power solid-state

amplifiers and power MOSFETs/ICs.

microwavejournal.com/articles/44287
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SignalCore

PRESERVING SIGNAL INTEGRITY

23 GHz RF Signal Source
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500 kHz to 23 GHz

Tuning Resolution 1 Hz

100 us

10 MHz, 100 MHz, 1.6 GHz

Low Phase Noise  -115 dBc/Hz@100kHz@10 GHz
Level -40dBmto 15 dBm

Frequency

Tuning Speed
Reference In

Made
SA Compact. Versatile.
www.signalcore.com High Performance.

Catch up on the latest industry news with the bi-weekly video update
from Microwave Journal @ www.microwavejournal.com/frequencymatters

= R
Countering High Frequency Surface Wave Radar

International Spectrum Supportability for Software
Defined Radios Part 2

From the Radar Equation to T/R Module
Specifications

Sponsored By
u ANALOG
@ REFMW. DEVICES

AHEAD OF WHAT'S POSSIBLE™

Quantic Wenzel
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DECEMBER 9-11, 2025 | NATIONAL HARBOR, MD

CHARTING A PATH TO 2035: NAVIGATING THE FUTURE OF
ELECTROMAGNETIC SPECTRUM OPERATIONS

and join us for three days of informative and engaging
keynote, breakout, and technical sessions at AOC’s Annual International Symposium &
Convention. This leading event for electromagnetic warfare, spectrum operations, cyber-
electromagnetic activities, and information operations professionals worldwide is taking
place this December.

What Attendees Can Expect

« Keynote presentations from senior military commanders and industry thought leaders

* Technical sessions covering cutting-edge developments in electronic warfare, cyber
operations, and spectrum dominance

* Interactive breakouts and expert-led panel discussions

« Program manager briefings specific to Navy, Army and Air & Space

The AOC 2025 Expo Hall will feature breakthrough technologies and solutions from
leading defense contractors, emerging tech companies, and research institutions driving
the future of EW capabilities.

Purpose-built networking events connect attendees with peers, government decision-
makers, and industry leaders, fostering collaborations that advance the field.

AOC 2025 PROVIDES AN ESSENTIAL FORUM WHERE
BREAKTHROUGH IDEAS BECOME OPERATIONAL REALITIES.

REGISTER NOW AT



Develop the EW Future

Integrated, miniaturized RF+Digital solutions for rapid
development and deployment of high-precision systems

2 - 18 GHz Direct Sampling System
(New or Existing Hardware)

- Front End Signal Conditioning SiPs

- Service SiPs

- High Speed Data Transfer Transceivers

SPECTRUM
CONTROL

Use our SiP platform to upgrade to 40 GHz or
add a custom RF personality to your front end

» Highly integrated RF, digital, power
+ Software-instrumented for tuning & control
+ Single or multi-channel

+ Surface-mount for rapid production

+ Cost-effective and volume-ready
» Standard and custom solutions available

Get high speed optical transmission
for extreme environments

.

Multi-mode optical wavelength (850nm).
Quad channel Tx/Rx from 20Mbps to >10Gbps.
-50°C to +125°C

Pluggable optical connector interface

BGA solder ball contacts or LGA with interposer
Hermetic enclosure

To learn more visit spectrumcontrol.com/sci-blocks

FT

SPECTRUM
CONTROL.

spectrumcontrol.com © 2025 Spectrum Control, Inc. All rights reserved



