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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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Since 1981, GGB Industries, Inc., has
blazed the on-chip measurement trail with
innovative designs, quality craftsmanship,
and highly reliable products. Our line of
custom microwave probe cards continues
our tradition of manufacturing exceptional

testing instruments.
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Through modular

unique
techniques, hundreds of low frequency
probe needles and a variety of microwave
probes with operating frequencies from DC
to 40, 67, or even 110 GHz can be custom
configured to your layout.

design

GGB INDUSTRIES, INC. -
Telephone (239) 643-4400 -
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Picoprobe elevates-p{ s cards to a higher level...

(...110 GHz to be exact.)

Our patented probe structures provide the
precision and ruggedness you require for
both production and characterization
testing. And only Picoprobe® offers the
lowest loss, best match, low inductance
power supplices, and current sources on a
single probe card.

Our proven probe card design technology
allows full visibility with inking capabil-
ity and ensures reliable contacts, even when
probing non-planar structures.

E-mail email@ggb.com -

4196 CORPORATE SQUARE -

Not only do you get all the attractive
features mentioned, but you get personal,
professional service, rapid response, and
continuous product support--all at an
affordable price so your project can be
completed on time and within budget.

Typical Specs 10GHz 20GHz 40GHz
Insertion Loss 0.6 dB 0.8dB 1.3 dB
Return Loss 22 dB 18 dB 15 dB

For technical assistance, custom product
designs, or off-the-shelf delivery,call
GGB Industries, Inc., at (239) 643-4400.

NAPLES, FL 34104

www.picoprobe.com



LJMini-Circuits

Phase Stable Flex CaEIeS

For Precision Measurement Applications

Mini-Circuits' new CBN-series of phase-stable flexible cables is ideal for a wide range
of precision applications from DC to 26.5 GHz, including test labs, high-speed data
systems and precision measurements. CBN-series models provide exceptional
phase and amplitude stability (x6°, +0.08 dB) in bend radii as small as 50 mm.
90 dB shielding effectiveness and 74% velocity of propagation ensure outstanding
transmission efficiency for outstanding measurement integrity and consistency.
These high-performance cables are available from stock in lengths from 1 to 5 ft.,
with custom lengths available on request.

Key Features

DC to 26.5 GHz

Ultra-flexible, 50 mm min. bend radius
Superior phase & amplitude stability
(+6.0°, £0.8 dB max. @ 26.6 GHz)

Low loss & high velocity of propagation
1 to 15 ft. lengths in stock

LEARN MORE




Phase Stable Flex Cables

Stable Output Performance in Almost Any Bend Shape!

Figure 1: 1-port phase stability test with Figure 2: 2-port phase stability test with arbitrary

360 ° bend around a 4-inch mandrel. flexure at multiple angles.

Models In Stock
T R
CBN-1FT-SMSM+ SMA-Male SMA-Male
CBN-1.5FT-SMSM+ SMA-Male SMA-Male 15 26.5 1.0
CBN-2FT-SMSM+ SMA-Male SMA-Male 20 26.5 14
CBN-3FT-SMSM+ SMA-Male SMA-Male 3.0 26.5 21
CBN-1.5M-SMSM+ SMA-Male SMA-Male 3.3 26.5 3.2
CBN-3.5FT-SMSM+ SMA-Male SMA-Male 3.5 26.5 2.3
CBN-4FT-SMSM+ SMA-Male SMA-Male 4.0 26.5 25
CBN-5FT-SMSM+ SMA-Male SMA-Male 5.0 26.5 3.5
CBN-6FT-SMSM+ SMA-Male SMA-Male 6.0 26.5 3.8
CBN-10FT-SMSM+ SMA-Male SMA-Male 10.0 26.5 6.3
CBN-15FT-SMSM+ SMA-Male SMA-Male 15.0 26.5 94

4 Mini-Circuits




ADVANCED
RF INTEGRATION

g NETWORKS sales@nickc.com
"5332333“‘"5 NIC oo ol it

i . 15237 Broadmoor
\ CERTIFIED www.nickc.com e Overland Park, KS




Develop the 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)

SPECTRUM
CONTROL

Use our SiP platform to upgrade to 40 GHz or Get high speed optical transmission

add a custom RF personality to your front end for extreme environments

» Highly integrated RF, digital, power + Multi-mode optical wavelength (850nm).

» Software-instrumented for tuning & control * Quad channel Tx/Rx from 20Mbps to >10Gbps.

» Single or multi-channel + -50°C to +125°C

« Surface-mount for rapid production + Pluggable optical connector interface

» Cost-effective and volume-ready + BGA solder ball contacts or LGA with interposer
kStandard and custom solutions available » Hermetic enclosure /

To learn more or to connect with our team at European Microwave Week or visit spectrumcontrol.com/sci-blocks

AT

SPECTRUM
CONTROL .

spectrumcontrol.com © 2025 Spectrum Control, Inc. All rights reserved
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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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Unlocking mmWave Technology
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From Introduction to Production

Highly Skilled, Experienced, Technical Sales

World-leading Manufacturers of RF, Microwave, and Power
Best-in-class Logistics and Supply Chain Solutions
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Take the Lead
in RF Design

with COMSOL Multiphysics®

Multiphysics simulation is expanding the scope of RF analysis to higher
frequencies and data rates. Accurate models of microwave, mmWave, and
photonic designs are obtained by accounting for coupled physics effects,
material property variation, and geometry deformation. Ultimately, this
helps you more quickly see how a design will perform in the real world.

» comsol.com/feature/rf-innovation

W COMSOL
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RF1 Out RF2 Out I Mini-Clrcuits*

Signal Generator
SSG-8N12GD-RC
5 Max Roverse PWR +24 @Bm 15V DC T i

Signal 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 x5.1x1.2"

Model Number m Output Power # Channels Release Status

SSG-8N12G-RC 810 12.5GHz -55t0 23 dBm Production
SSG-8N12GD-RC 8t012.5 GHz -55t0 23 dBm 2 Production
SSG-5N9G-RC 5t0 9 GHz -55t0 23 dBm 1 Production
SSG-5N9GD-RC 5to 9 GHz -55t0 23 dBm 2 Production
SSG-9G-RC 0.01to 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 -55to 23 dBm 2 Q3, 2025
SSG-1R5G-RC 0.02to0 1.5 GHz -55to0 23 dBm 1 Q3, 2025
SSG-1R5GD-RC 0.02to 1.5 GHz -55to 23 dBm 2 Q3, 2025

4 Mini-Circuits
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Delivery Stalled Your Program?

Features:
B 5kHzto 50 GHz

B Noise Figures:
from 0.35 dB @ 23°C

from 10 K @ Cryogenic

B P1dB>+30dBm

B Up to 75 dB Gain

B Input Power Limiter

B Excellent Group Delay

B Gain & Phase Matching,..

B Temperature Compensation

B Waveguide Connectors
B Weather-Proof Enclosures

B&Z is the preferred source for
high performance amplifiers.
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B% Z TECHNOLOGIES

INNOVATING TO EXCEL
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The Netherlands and Belgium:
Crossroads of the European
Microwave Industry

Helen Duncan
MWE Media Ltd.

elgium has frequently been

called “the crossroads of

Europe,” and its neighbor,

the Netherlands, can right-
ly share in that description too. The
region is collectively known as Ben-
elux, incorporating the tiny Grand
Duchy of Luxembourg (population
660,000) as well as the Netherlands
and Belgium, with populations of
17.8 million and 11.7 million, re-
spectively. The Benelux region is
bordered by France to the south
and by Germany to the east, with
the U.K. just a short hop across the
English Channel (or a short train ride
via the Channel Tunnel).

It was fitting that the Nether-
lands was chosen as the location for
the very first European Microwave
Week (EuMW), which took place in
Amsterdam in 1998. At the center
of Europe, it was a choice that rec-
ognized the notable concentration
of EU research and development
(R&D) capability in the region.

Utrecht was originally intended
to be the venue for EuUMW 2020,
but the COVID-19 pandemic inter-

20

vened, forcing the cancellation of
the physical conference and exhibi-
tion, which was replaced by a vir-
tual event online. 2025 will there-
fore be the first time since its incep-
tion that EUMW has taken place in
Utrecht — a picturesque city that
can easily be reached in around 30
minutes by train, direct from Am-
sterdam Schiphol airport.

Benelux can truly be called the
birthplace of today’s EU, since
the 1958 Treaty of the Benelux
Economic Union — which made
Benelux the world’s first free inter-
national labor market — later pro-
vided the blueprint for the foun-
dation of the European Economic
Community, forerunner of the EU.
The region still plays a key role in
the government of the EU, being
home to the Community Research
and Development Information Ser-
vice (CORDIS), which coordinates
and disseminates the results from
Horizon 2020 and other projects
funded by the EU’s framework pro-
grams for research and innovation.

SEMICONDUCTOR
EXCELLENCE

Astonishingly, for a country that
makes up only 4 percent of the to-
tal EU population, the Netherlands
can boast the largest semiconduc-
tor industry in Europe — even larger
than Germany’s. This is due to the
world-leading position of ASML
Holding NV, the Veldhoven-based
manufacturer of photolithography
equipment. ASML produces the
only equipment capable of fabricat-
ing chip geometries below 7 nm.

In the manufacture of the chips
themselves, however, it is the legacy
of the former Philips Semiconductor
in Eindhoven that dominates. Philips
was once a leader in the consumer
and professional electronics sectors,
but now specializes in healthcare
technology. There are many surviv-
ing RF and microwave spinoffs from
Philips, like NXP (which later ab-
sorbed Freescale Semiconductor)
and Ampleon, as well as startups
founded by its alumni. This means
there is a concentration of semicon-
ductor expertise around Eindhoven
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ICN8 over the next
few years, as well
_| as at three 8-in.
| fabs in the U.S., in
favor of transition-
ing to 12-in. (300
mm) production at
its new joint ven-
' | ture in Singapore,
VSMC, where it
is partnered with
Vanguard Interna-
tional Semiconduc-
tor. NXP is also a
| partner in the Euro-
pean Semiconduc-
tor Manufacturing
Company (ESMC)
Y in Dresden, along
GERMANY | with TSMC, Bosch
‘ and Infineon. 300
mm  production is
planned to start at
both VSMC and
ESMC in 2027.
Nevertheless,
there is speculation
that the Nijmegen
fab could be sold

to another semi-

Enschede
[¢]

A Fig. 1 Map of the Benelux region.

and the other former Philips facility
in Nijmegen. The ecosystem around
these campuses continues to foster
new startups.

While NXP’s flagship design and
manufacturing operations are lo-
cated at the Eindhoven High Tech
Campus (HTCE), most of its RF work
takes place in Nijmegen, where the
ICN8 8-in. SiGe wafer fab is located,
along with further R&D facilities.
The fab produces a range of RF ICs
for applications such as near field
communication (NFC), secure iden-
tification, smart antennas for 5G and
various industrial and loT applica-
tions. However, NXP is increasingly
focusing its efforts on automotive
applications, as evidenced by its ac-
quisition earlier this year of TTTech
Auto. RF products for automotive
currently include the Trimension
Ultra-Wideband (UWB) IC family
for smart access, KW45/47 wireless
MCUs for Bluetooth Low Energy
and the NCx332x automotive NFC
frontend.

There have been reports that
NXP plans to cease production at

conductor compa-
ny rather than be
closed.

RF power specialist Ampleon
was founded in Nijmegen in 2015
and offers a range of discrete tran-
sistors, MMICs, pallets and modules
in LDMOS, as well as GaN technol-
ogy for applications such as mobile
broadband infrastructure, radar and
air-traffic control, RF cooking, heat-
ing and plasma lighting and other
industrial applications.

New in May this year was the
CLF24H4LS300P and CLP24H-
4S30P high-efficiency GaN-on-SiC-
based 2.4 GHz RF power amplifier
(PA) lineup, designed for ISM ap-
plications and shown in Figure 2.
With up to 350 W CW output, the
pair provides a compact, rugged,
solid-state alternative to traditional
magnetron-based systems.

The CLF24H4LS300P final stage
and CLP24H4S30P driver amplifier
cover the full 2.4 to 2.5 GHz ISM
band. The dual-stage architecture
achieves more than 66 percent drain
efficiency, which not only helps re-
duce power consumption but also
simplifies thermal management.
It is suited to applications such as
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A Fig. 2 The Ampleon CLF24H4LS300P power amplifier and CLP24H4S30P driver
amplifier.
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industrial heating, medical thera-
pies, plasma generation, microwave
chemistry, MW-PECVD processes
and solid-state cooking, including
combi oven systems.

Featuring an internally matched
50 Ohm input and output, onboard
analog temperature sensor, surface-
mount circulator and directional
coupler, real-time monitoring and
system-level protection are en-
abled. The compact 105 x 33 mm
footprint makes it easy to integrate
into  space-constrained  environ-
ments, and the amplifier lineup per-
forms under mismatch conditions
up to 20:1 VSWR at 50 V.

TECH CAMPUS

Smaller RF and microwave com-
panies and startups with connec-
tions to the Noviotech Campus in
Nijmegen, where both NXP and
Ampleon are based, include:

* pinkRF, which specializes in sol-
id-state RF energy systems for
applications in the industrial,
medical and scientific sectors. Its
flagship products are solid-state
RF signal generators and power
generators, including a four-
channel 2.45 GHz RF power gen-
erator, MPG4x250S, in which the
channels can be used either as
independent 250 W generators
in coherent or incoherent opera-
tion, or with an optional external
combiner as a single-channel,
1000 W generator.

® leijenar Electronics became a
full-time business at the Novitech
Campus in 2021 but then relocat-
ed to Venray in 2024 to acquire
more space for further expan-
sion. The company provides RF
and microwave design services
from the initial concept to a work-
ing product, for applications that
include RF energy, satcom, CATV,
satellite transponders, antennas
and loT. It has the equipment
and expertise to test and charac-
terize devices up to 20 GHz and
in the field of RF power, it has an
automated setup that can mea-
sure up to 2 kW and above in CW
mode, with a frequency range of
up to 3 GHz.

EINDHOVEN
Altum RF in Eindhoven designs
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and manufactures high perfor-
mance RF to mmWave components
for systems with demanding perfor-
mance requirements, including tele-
coms, satcom, radar and test and
measurement.

At this year’s IMS, Altum RF in-
troduced a new family of bare die
E-Band PAs and low noise amplifiers
to support mmWave telecom and
satcom applications, with the PAs
featuring high output power and
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gain levels for longer-range links.
ARF1018 is a 71 to 76 GHz PA of-
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a power-added efficiency (PAE) of
18 percent and 39 dBm output IP3.
The ARF1019 high-band PA at 81 to
86 GHz has 1.6 W (32 dBm) Psat, 15
percent PAE and an OIP3 level of 38
dBm. Both E-Band PAs integrate an
on-chip power detector.
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operates across the full 71 to 86
GHz band with a noise figure of 2.5
dB to 3.5 dB, a gain of 20 dB and a
typical input and output return loss
of 10 dB. It consumes 45 mA of cur-
rent from a 4 V supply, and has a
footprint of 1.3 x 1.35 mm.

ANTENNAS

In January of this year, Altum RF
announced a milestone in its part-
nership with The Antenna Company,
a startup also based at Eindhoven’s
HTCE. The A-3 Project is supported
by the Metropoolregio Eindhoven
(Metropolitan Region Eindhoven),
a collaboration between 21 mu-
nicipalities in the Eindhoven area —
also known as the Brainport Region
— set up to foster the local econo-
my and business relationships, par-
ticularly in the technology ecosys-
tem that has built up with NXP and
ASML at its center.

The A-3 Project has focused on
antenna-amplifier co-design to im-
prove efficiency and interface char-
acteristics at frequencies around
6 GHz and above, and on the de-
velopment of new antenna arrays
using LTCC technology to improve
heat management. The initiative
has so far yielded two antenna pro-
totypes, one for 5.8 GHz Wi-Fi and
another for mmWave 5G at 28 GHz.

The Antenna Company's other
products include both standard and
customized solutions for 4G/5G,
NB-loT, LoRa, Bluetooth, UWB,
GPS/GNSS, Wi-Fi and mmWave, at
frequency ranges from 410 MHz to
39 GHz.

Antennex

develops  advanced

over-the-air (OTA) test systems tai-
lored for integrated antennas and
complex RF front-ends. Headquar-
tered in Eindhoven, the company
works with leading aerospace, tele-
com and automotive customers to
streamline performance character-

A Fig. 3 The Antennex over-the-air
measurement system for antennas.
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ization in integrated environments.
Introduced at IMS2025, a new radar
testing feature, shown in Figure 3, al-
lows engineers to measure chirp rate,
chirp linearity and radiated power
spectral density accurately OTA on
high frequency radar systems, inde-
pendent of the direction of radiation
of the radar. The system can rapidly
acquire radiated signal measure-
ments, allowing tests over several
GHz of bandwidth in a few seconds.

MiCIAN
pa

EMPOWERIN

VY
A A

Testing the radiated power or
chirp linearity and rate of a radar
is traditionally very difficult due to
the variation in direction of radia-
tion over frequency. The Antennex
measurement platform solves this
issue, making the tests easier and
faster, and can help avoid weeks to
months of debugging. The Anten-
nex system comes with instrument
integration libraries that automati-
cally control instruments from well-
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known vendors without the need
to write SCPI commands for instru-
ment compatibility.

Anouk Hubrechsen, CEO of An-
tennex (who is also the Women
in  Microwave Engineering Chair
for EUMW this year), commented,
“There is a trend for devices to be-
come significantly more integrated,
with the antenna as an integral part.
This means that many tests can only
be done OTA. Wireless tests are tra-
ditionally slow and inaccurate, and
Antennex has set out to solve that
with a disruptive new technology.”

Staal Instruments is also based in
Eindhoven. Its maxSHIFT60 wireless
radar level sensor at 60 GHz is de-
signed to offer reliable level moni-
toring for tanks, containers and sew-
ers. With a 10 m range, 4G connec-
tivity and battery power, it provides
accurate data and integrates with
the cloud for monitoring and alerts.

RESEARCH AND
DEVELOPMENT

An organization always at the
forefront of R&D in the Netherlands
RF and microwave community is
TNO, an independent research or-
ganization based in The Hague,
which has played a pivotal role in
EuMW over many years. Frank van
den Bogaart, the president of the
European Microwave Association,
was a principal advisor at TNO un-
til last year and was also a member
of the steering committee of the
Dutch Radar Centre of Expertise (D-
RACE), a strategic cooperation be-
tween TNO and Thales Nederland.
A special session at EURAD 2025
will explore the past, present and
future of the Dutch ecosystem for
defense radar. It will feature speaker
Frank van Vliet, who is a principal
scientist at TNO and a member of
the EuMA Board of Directors.

TNO has a broad mission to
connect people and knowledge,
creating innovations that enhance
the competitive strength of indus-
try and the well-being of society
in a sustainable manner. It focuses
on driving change and improve-
ment across several areas, includ-
ing defense, safety, security, energy,
healthy living, smart manufacturing,
ICT and transportation applications
where microwave technology plays
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a significant role.

Recent technical publications by
TNO researchers include a paper
at last year's European Microwave
Conference on the topic of CVD
diamond heat spreaders to improve
the performance of a 400 W AlGaN/
GaN S-Band PA MMIC, by M. van
Heijningen et al. Another paper,
presented at an international meta-
materials conference, featured the
design of cloaking and transparent
metasurfaces using split-ring reso-
nators.

EUROPEAN SPACE AGENCY

The European Space Research
and Technology Centre (ESTEC) in
Noordwijk is both the largest site
of the European Space Agency
(ESA) and its main technology hub
for R&D. ESA and ESTEC both cel-
ebrated their 50th anniversary this
year with a series of events.

Earlier this year, ESA's Radio Fre-
quency Equipment and Technol-
ogy section tested a new patented
antenna beamforming technique

TerallUBSa

www.feraradar.com
sales@teraradar.com

Bare MMIC

* Up to 750GHz

* 100% Pre-Delivery Tested

» Transparent online Price

PA MMIC in Module

that used geometrical symmetry to
direct the beams in the desired di-
rections, thus reducing the number
of components required and conse-
quently, the size, mass and power
consumption.

Figure 4 shows the advanced
beamforming technique under test
in the recently extended anechoic
chamber at the Hybrid European
Radio Frequency and Antenna Test
Zone (HERTZ) at ESTEC.

SIMULATION
Dutch software vendor
COMSOL  provides multiphysics

simulation software that can be
used for modeling designs, devices
and processes in all fields of engi-
neering, including electromagnet-
ics and is particularly applicable for
modeling antennas and their ra-
diation patterns. New to COMSOL
Multiphysics version 6.3 is a chatbot
window functionality that connects
the user directly to OpenAl GPT
models, allowing them to gener-
ate or debug COMSOL API code

£

A Fig. 4 A new beamforming technique
being tested in ESA's HERTZ chamber.
Source: ESA-SJM Photography.

to automate workflows, add custom
functionality to apps and integrate
with external tools. For example, it
is capable of helping convert repeti-
tive tasks into loops or locate logic
errors in a method. It can also be
used to query for general modeling
advice.

ANECHOIC CHAMBERS AND
MATERIALS

Given the prominence of antenna
design in the Benelux region, it is not
surprising that there is a proliferation
of suppliers of test chambers, ab-
sorber materials and test equipment
in Belgium and the Netherlands.

mmWE&THz COTS MMIC / Component
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* Made in China

30
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Holland Shielding Systems in Dordrecht makes a
range of EMC and EMI shielding materials, Faraday
cages and test enclosures (including those for military
bunkers and TEMPEST rooms) and absorbers. They
specialize in short delivery times, with the ability to de-
sign and manufacture custom-made products in two to
three days.

Comtest is a family-owned business in Zoeterwoude,
the Netherlands, owned by the de Groot family. The
company, which celebrated its 40th anniversary in July
this year, builds anechoic chambers, EMC test cham-
bers and antenna test ranges for a wide range of indus-
trial and research applications.

Dutch Microwave Absorber Solutions (DMAS),
also in Zoeterwoude, is an independent supplier of
high performance expanded polystyrene microwave
absorbers suitable for anechoic and semi-anechoic
chambers for both EMC and broadband microwave
testing.

E&C Anechoic Chambers develops and manufac-
tures microwave absorbing materials and anechoic
chambers in Westerlo, Belgium. Originally a division of
Emerson & Cuming, it is now part of German anechoic
chamber company Albatross Projects.

CHIP DESIGN IN BELGIUM
Imec in Leuven, Belgium, is a center of excellence
in the European electronics industry, not only in micro-

SIF

wave and RF but in all branches of electronics. It claims
to be the world’s largest independent research and in-
novation center for nanoelectronics and digital technol-
ogy, with a global ecosystem that includes startups, in-
dustrial partners and over 200 universities.

The specialist research and innovation organization
has offices and labs across Belgium and the Nether-
lands, with others in the U.S. and across Asia Pacific, as
well as a recently opened office in Cambridge, U.K. The
Leuven facility includes both 200 and 300 mm semicon-
ductor pilot lines with extensive cleanrooms and labs,
enabling innovation spanning R&D, prototyping and
manufacturing.

In June this year, Imec announced a new RF transis-
tor process aimed at integrating GaN technology into
next-generation mobile devices, particularly those tar-
geting the 6G FR3 band between 7 and 24 GHz. The
GaN-on-Si metal-oxide-semiconductor high-electron-
mobility transistor (MOSHEMT) offers exceptional ef-
ficiency and output power for an enhancement-mode
(E-mode) device operating at low supply voltage. At
the same time, they demonstrated a record-low contact
resistance of 0.024 Ohm-mm, which will further boost
output power in future designs.

The shift to higher frequencies required to meet
the data rate demands of 6G systems means that ex-
isting GaAs HBTs will struggle to achieve the required
performance, as their efficiency and gain degrade sig-

Industries
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JFW designs and manufactures attenuators, power dividers, switches and switch matrices for a wide
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GaN channel

AlGaN BB

AFig. 5 Cross-sectional TEM image of
Imec’s MOSHEMT transistor.

nificantly above 10 to 15 GHz. GaN
has been recognized as a promising
alternative due to its higher power
density and breakdown voltage. Al-
though GaN-on-SiC transistors have
shown good performance in higher
frequency base station applications,
the cost of the SiC process is a bar-
rier for the mobile market. Building
high-efficiency GaN-on-Si transis-
tors has previously been challeng-
ing due to the lattice and thermal
mismatch between the two materi-
als, which can compromise mate-
rial quality and device reliability, a
challenge that is even greater for E-
mode designs that typically require
thinning the transistor barrier and
channel under the gate.

The GaN-on-Si E-mode
MOSHEMT developed by Imec
reaches 27.8 dBm output power —
equivalent to 1T W/mm — and 66
percent PAE at 13 GHz when oper-
ating at 5 V. This result was obtained
from a single device with an eight-
finger gate layout, providing the
gate width needed for high output
power without requiring the com-
bined power of multiple transistors.
Figure 5 shows a cross-sectional
TEM image of the gate structure in
Imec’s GaN-on-Si MOSHEMT tran-
sistor for 6G mobile applications.

In another recent development,
Photonics Research Group and ID-
lab, which are both Imec research
groups at Ghent University, pub-
lished in Nature Communications a
demonstration of a fully-integrated
single-chip  microwave photonics
system, combining optical and mi-
crowave signal processing on a sin-
gle silicon chip. The chip integrates
high speed modulators, optical
filters, photodetectors and trans-
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A Fig. 6 Microscope image of Imec/University of Ghent
microwave photonic chip.

fer-printed lasers, making it a compact, self-contained
and programmable solution for high frequency signal
processing. By replacing larger, power-hungry compo-
nents, the new chip will enable faster wireless networks,
low-cost microwave sensing and scalable deployment
in applications like 6G, as well as satcom and radar sys-
tems. Figure 6 shows a microscope image of the micro-
wave photonic chip, integrating high speed modulators
and detectors, a programmable optical filter bank and
two transfer-printed lasers.

Tusk IC is a specialist mmWave IC design house
based in Antwerp, Belgium. It was founded in January
2018 and focuses on designs for satcom beamforming
and similar applications in CMOS, RFSOI and SiGe pro-
cess nodes. Other work has included designs from 60
to 600 GHz in bulk CMOS.

Tusk IC's current NEBULA project aims to develop

cost-effective, modular Ka-Band RF beamforming so-
lutions for the LEO/MEO/GEO ground segment of
Ka-Band satellite communication links. This product is
currently under development with the ESA under the
ARTES program.

Also under development is a customizable multi-
channel Ka-Band beamformer IC for satcom and 5G
infrastructure, supporting both receive (17.3 to 21.2
GHz) and transmit (27.5 to 31 GHz) for phased arrays
and active electronically steered antenna. Although
targeted at LEO, MEO and GEO satellite applications,
the transmitter is also suitable for use in 5G infrastruc-
ture.

CONCLUSION

The Benelux region holds a pivotal position in R&D
in Europe, providing a home not only for the EU’s prin-
cipal R&D administrative organization but also three
world-class research hubs: TNO, Imec and ESTEC. The
strength of both countries, but particularly the Neth-
erlands, in both silicon and compound semiconduc-
tor technology is primarily due to the legacy of Philips
Semiconductors, which continues to inspire a new gen-
eration of younger companies and startups. Expertise
in antenna technology, as well as the test facilities re-
quired for this, has also flowed from the presence there
of ESTEC and its leading position in developing satel-
lite communications technology. B
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FSWX Signal and Spectrum Analyzer:
Measure the Impossible

ohde & Schwarz has introduced the FSWX signal

and spectrum analyzer, a game-changing instru-

ment that redefines how engineers approach RF

system testing. With its innovative architecture,
which integrates multiple input ports and advanced cross-
correlation technology, the FSWX is designed to overcome
the limitations of traditional analyzers and meet the demands
of increasingly complex RF systems.

One of the most transformative features of the FSWX is
its built-in cross-correlation technology, which addresses a
critical challenge in spectrum analysis: the instrument’s own
noise floor. Traditional analyzers often struggle to detect
weak signals or small spurs near the thermal noise level due
to noise introduced by the measurement system itself. The
FSWX resolves this issue by employing cross-correlation to
suppress its internal noise.

This capability dramatically improves the dynamic range,
allowing engineers to uncover signals that were previously
masked or to measure performance beyond the limitations
of the signal analyzer's own signal-to-noise ratio. For exam-
ple, for error vector magnitude (EVM) measurements cross-
correlation extends the range of accurate measurements
even for low-power signals. It also enhances mid-to-high
power accuracy by mitigating the impact of the analyzer's
phase noise. This results in more precise and reliable data,
critical for applications such as radar, satellite communica-
tion, amplifier characterization or signal source analysis.

Beyond its noise suppression capabilities, the multi-port
input architecture of the FSWX opens up new possibilities
for simultaneous multi-channel analysis. Engineers can now
measure phase, amplitude and timing variations across mul-
tiple signal paths in systems like phased array antennas, or
they can analyze multi-standard communication scenarios.

MICROWAVE WEEK

ﬂ EUROPEAN

B EngE VISIT ROHDE & SCHWARZ AT EUMW 2025 IN UTRECHT AT
S F 2 skl BOOTH A026 TO EXPERIENCE THE FSWX FOR YOURSELF.

Spectrum Analysis:
The FSWX with its Cross-
Correlation Technology
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Cross-correlation eliminates the analyzer’s inherent noise,
providing unobstructed view of the signal

For active two-port device characterization, the two paths
simplify testing while improving accuracy by enabling real-
time comparisons between input and output signals.

For example, in amplifier testing, the FSWX, with its
ability to simultaneously capture input and output signals,
provides insights into nonlinearities, spectral regrowth, and
AM-AM conversion. Similarly, in electronic warfare scenarios,
the analyzer's advanced pulse analysis capabilities allow for
precise characterization of radar signals or DRFMs.

The FSWX signal and spectrum analyzer from Rohde &
Schwarz represents a paradigm shift in RF testing, combin-
ing cutting-edge cross-correlation technology with a multi-
port design to address the challenges of modern RF systems.
By suppressing noise and simplifying complex setups, the
FSWX empowers engineers to achieve measurement preci-
sion and reliability that were previously out of reach. Whether
working with faint signals, multi-channel scenarios or com-
plex wideband setups, the FSWX is poised to transform how
engineers measure the impossible.
www.rohde-schwarz.com/measure-the-impossible




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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An American Shield: LM and MDA Demo
Critical Radar Capability, Strengthening
Homeland Defense

ockheed Martin and the Missile Defense

Agency (MDA) have successfully executed

Flight Test Other-26a (FTX-26a). During FTX-
26a, the Lockheed Martin-built Long Range Discrimina-
tion Radar (LRDR) successfully detected, tracked and
discriminated a live ballistic missile threat in a complex
environment, demonstrating its ability to provide criti-
cal data to homeland defense systems.

"Deterrence begins
with detection, and the
successful FTX-26a dem-
onstration  underscored
LRDR's ability to detect
and track threats at ex-
tended ranges, while
accurately distinguish-
ing between targets and
LRDR (Source: Lockheed non-targets,” said Rick
Martin) Cordaro, vice president
of Lockheed Martin's Radar and Sensor Systems. “This
technical advancement will significantly bolster our
nation’s deterrence capabilities, providing a game-
changing asset for homeland defense. With its open
architecture, LRDR will facilitate the seamless integra-
tion of emerging technologies and software, enabling
warfighters to receive timely, actionable information for
decision-making and drives rapid response.”

FTX-26a took place over the North Pacific and dem-
onstrated LRDR's capabilities against an air-launched
threat — representative target with countermeasures.
Under the command of Command and Control Battle
Management and Communications (C2BMC), LRDR
successfully tracked the target and forwarded data to
C2BMC which then successfully shared the flight test
data to support a simulated Ground-Based Midcourse
Defense (GMD) engagement.

The mission achieved the following firsts:

* LRDR demonstrated the detection, tracking and dis-
crimination of threats in a complex environment.

* C2BMC provided LRDR flight test data to support a
simulated GMD engagement.

Revolutionary Drone Capabilities for
Warfighters

ive cutting-edge unmanned aerial systems
(UAS) began flight testing in June to high-
light the versatility of vertical takeoff and
landing for UAS weighing less than 330 pounds.
The vertical takeoff and landing (VTOL) aircraft for the

For More
Information
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DefenseNews
Cliff Drubin, Associate Technical Editor I |

demonstration, known as EVADE — Early VTOL Aircraft
Demonstration — boast significantly enhanced range,
endurance and control compared to existing VTOL UAS
of similar size. The primary objective for EVADE is to
demonstrate rapid deployment of advanced UAS capa-
bilities to the warfighter.

“With EVADE, our focus is on speed of development,
not on first flight perfection,” said DARPA Program Man-
ager Phillip Smith, who is a major in the U.S. Marine
Corps Reserves and was previously deployed as an AV-
8B Harrier pilot. “The faster we can get these demon-
stration aircraft airborne, the quicker we can identify and
resolve any issues and ultimately, deliver game-changing
capabilities to our warfighters in the field.”

The EVADE initiative accelerates DARPAs AdvaNced
airCraft Infrastructure-Less Launch And RecoverY (ANCIL-
LARY) program Phase 2 plan, which the agency initially
projected to conduct flight testing in late 2026. By priori-
tizing the integration of autonomy and payloads, EVADE
aims to rapidly demonstrate the critical value of this UAS
size class. Furthermore, by postponing specific require-
ments related to maximum physical dimensions and au-
tonomous takeoff/landing in high sea states, the program
has dramatically shortened the timeline to first flight.

To further accelerate production timelines and maxi-
mize resource efficiency, all EVADE platforms leverage
the Sikorsky MATRIX flight autonomy algorithms devel-
oped in DARPAS Aircrew Labor In-Cockpit Automation
System (ALIAS) program. The autonomy software man-
ages flight control and navigation needs for entire mis-
sions — from takeoff to landing — and minimizes the
need for user interaction during long transit flights. Hav-
ing standardized autonomy software across all five per-
formers and designs also simplifies user engagement.

Complementing  this,
_ the Naval Surface Warfare
Center Dahlgren Divi-
y sion’s payload manage-
ment software Battle Man-
agement System (BMS) is
used across all platforms,
interfacing directly with
the Tactical Assault Kit
available to every warfighter. The integrated suite of
tools allows ANCILLARY aircraft to immediately share
relevant information with individual troops at the point
of need. It also effectively eliminates the need for dedi-
cated ground control stations, thereby reducing pro-
grammatic and operational costs.

“EVADE is designed to democratize air power across
the military, empowering the smallest operational units
to directly receive and control an air asset when need-
ed,” Smith said. “We're testing five potential mission
sets and payloads to showcase the breadth of capabili-
ties EVADE can provide: logistics, communications re-
lay, weapons delivery, synthetic aperture radar and ISR/
RSTA (intelligence, surveillance, reconnaissance and

EVADE (Source: DARPA)

Visit mwjournal.com for more defense news.
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target acquisition).”

The five ANCILLARY designs vary in their capabili-
ties, but all have a minimum of 12 hours of endurance at
100 nautical miles with a 60-pound payload. “I think of
these aircraft as ‘flying trucks,’” Smith said. “They have
a high load fraction for their size and VTOL configura-
tions and can be readily adapted to support a wide
range of missions by carrying the necessary payload.”

The five performers in EVADE — AeroVironment,
Griffon Aerospace, Karem Aircraft, Method Aeronau-
tics and Sikorsky — show some of the ways these air-
craft can be optimized for different strengths, includ-
ing VTOL control, airspeed, storage capacity, cruise
altitude, time on station, powertrain configurations and
control methodologies.

“With ANCILLARY, we aim to cultivate a thriving sup-
plier ecosystem for these drones, or similar-sized sys-
tems, that can fundamentally transform the capabilities
and situational awareness available to every warfighter,”
Smith said. “We're invested in the success of each UAS
we're testing. The U.S. military requires a diverse port-
folio of performers capable of maximizing design trade-
offs to achieve success across an array of mission sets.”

To help accelerate transition to the field, the ANCIL-
LARY team has worked on the certification process con-
currently with aircraft design and testing, while also en-
suring the performers and their supply chains are ready

for rapid, on-demand aircraft production.

“We're taking a full 360 look at what it takes — con-
sidering performance, cost, usability, interoperability,
certification, manufacturing, etc. — to ensure we rap-
idly deliver a game-changing capability,” Smith said.
“We've got five outstanding American companies we
expect to be ready to accept and deliver orders at scale
within the upcoming budget year.”

The under-330-pound (150 kilograms) maximum gross
takeoff weight threshold for ANCILLARY aircraft is a piv-
otal factor. To date, the Department of Defense (DOD)
has required any drone over 55 pounds (25 kilograms) be
owned by an aviation unit and operated by a fully licensed
pilot, creating significant barriers to widespread field-
ing. On a case-by-case basis, aircraft up to 330 pounds
are now permitted to be purchased and operated by a
non-aviation unit. DOD policies around drones of this size
are evolving and the department is considering a policy
change to allow UAS operators to fly all drones of this size
without requiring special permissions.

“"ANCILLARY fills a critical gap, bringing operational
capabilities comparable to much larger — Group 4 and
5 — drones to smaller units, such as Army, Marine Corps,
special operations units or a ship’s company,” Smith said.
“These drones can be deployed without additional infra-
structure or equipment, even in austere environments —
offering a game-changing toolset for warfighters.”
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Increased Demand for Bandwidth-
Intensive Services Drives Mobile Data
Traffic to Surge

he worldwide mobile connectivity market

is undergoing a significant transformation,

with mobile data traffic increasing rapidly
while subscriber growth slows. According to ABI Re-
search, mobile data traffic is expected to increase by a
23 percent compound annual growth rate (CAGR) from
2025 to 2030, reaching over 5,241 exabytes (EB) by
the decade’s end. This surge in data usage is primar-
ily driven by the rising demand for bandwidth-intensive
services like high-definition video streaming, immersive
gaming and always-on mobile apps, all of which require
greater network capacity and lower latency. In contrast,
mobile subscriptions are projected to grow at a much
slower pace, increasing by just 0.17 percent annually
and reaching 5.659 billion subscribers globally by 2030.

While subscriber growth remains steady, the real
transformation lies in the increasing amount of data in-
dividual users are consuming. The slower pace of sub-
scriber growth in many
regions can be attributed
to market saturation, es-
pecially in mature mar-
kets where most potential
customers already have
mobile subscriptions. “In
contrast, subscriber num-
bers are growing in many
emerging markets, driven by population growth and
greater access to mobile services. However, economic
challenges, infrastructure limitations and the affordabil-
ity of smartphones continue to hinder faster adoption in
these regions. The real growth lies in how much more
data individual users are consuming,” said Samuel Bowl-
ing, research analyst at ABI Research.

As users engage in data-heavy activities, networks
must evolve to meet these higher demands. The rollout
of 5G networks plays a central role in this shift. 5G’s ad-
vanced capabilities, such as faster speeds, ultra-low la-
tency and better support for applications like augment-
ed reality and loT are significantly increasing mobile
data traffic. Between 2025 and 2030, 5G is expected to
account for a 2,200 EB rise in global data traffic as more
users transition to 5G networks. To accommodate this
surge in demand, operators must enhance their infra-
structure to deliver the performance required by next-
generation technologies.

Although 4G networks will see a decline in subscrib-
ers — expected to drop to around 1.4 billion by 2030 —
their data consumption will continue to grow, at a rate
of 16 percent annually. This highlights that while newer
5G networks will take the lead, 4G will still support sig-
nificant data usage across the globe.

For More
Information
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Mobile data traffic
increasing rapidly

while subscriber
growth slows

CommercialMarket
Cliff Drubin, Associate Technical Editor

Regionally, India is expected to be a major contribu-
tor to global data consumption, driven by a growing
population, expanding 5G deployment and some of
the most affordable data plans. By 2030, India’s mobile
data traffic is projected to reach approximately 1,275
EB. At the same time, older technologies like 2G and
3G are rapidly fading, with subscriptions expected to
decline sharply, especially as countries like Sweden and
Israel plan to shut down their legacy networks by 2026.

These findings are from ABI Research’s Network Tech-
nology and Market Tracker market data report. This re-
port is part of the company’s 5G, 6G, and Open RAN
research service.

Growing Monetization Appeal of 5G FWA

ixed Wireless Access (FWA) continues to

grow in appeal to communications service

providers (CSPs) around the world, with the
ability to offer speed-based tariff plans enhanced by
5G capabilities proving particularly attractive, the June
2025 Ericsson Mobility Report (EMR) shows.

While about 80 percent of the global CSPs sampled
by Ericsson currently offer FWA services, the most rapid
area of growth continues to be among CSPs offering
5G-enabled speed-based tariff plans.

With 5G FWA, service providers can offer a range
of subscriber packages with different data speeds and
entertainment options, like cable or fiber offerings,
increasing monetization opportunities for CSPs com-
pared to earlier generations of FWA.

The EMR shows that more than half (51 percent) of
global CSPs with FWA offerings now include speed-
based options — up from 40 percent in the same pe-
riod in June 2024 — driven by high adoption in North
America, and growth in Europe and the Middle East.

FWA is projected to account for more than 35 per-
cent of new fixed broadband connections, with an ex-
pected increase to 350 million by the end of 2030. 5G
FWA plays a crucial role in expanding broadband ac-
cess, especially in areas where traditional wired infra-
structure may be less feasible.

On 5G subscriptions, the June 2025 EMR forecasts sub-
scriptions to top 2.9 billion globally by the end of 2025,
about one-third of all mobile subscriptions. The 5G sub-
scription forecast for the end of 2030 remains at 6.3 billion.

Mobile network data traffic increased by 19 percent
from the first quarter of 2024 to the corresponding peri-
od in 2025. Despite a declining growth rate, net added
traffic will continue to increase year-on-year, with the
June 2025 EMR forecasting that mobile data traffic will
more than double through the forecast period through
the end of 2030.

In Europe, 5G mid-band coverage topped 50 per-
cent population coverage by the end of 2024. While the
figure puts the region in line with the global average,

Visit mwjournal.com for more commercial market news.
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it lags far behind frontrunner countries such as North
America, where 5G mid-band deployment has topped
90 percent population coverage and India, where 5G
mid-band population coverage reached 95 percent by
the end of 2024.

Through commentary, insights and customer/partner
case stories, the June 2025 EMR highlights the ability
of 5G Standalone and 5G Advanced to create moneti-
zation opportunities for CSPs globally, based on value
delivery rather than data volume.

The report highlights how CSPs are pursuing new
commercial opportunities by offering differentiated con-
nectivity services to consumers, enterprises and public
authorities.

NGMN Calls for Harmonized 6G Standards
to Drive Seamless Mobile Evolution

s the telecommunication standards body
3GPP prepares for setting the scope for
Release 20, the Next Generation Mobile
Networks Alliance (NGMN) has released a publication
advocating the critical need for harmonized global
standards for 6G.

“6G Key Messages — An Operator View” says that
standards should build upon the features and capabili-

Meet Us at the European
Microwave Show

September 23rd-25th
THE NETHERLANDS

@ Made in the USA
B4 sales@trans-techinc.com

44

ties introduced with 5G
and create value through
new services that are es-
sential to support contin-
uous innovation, deliver-
ing real benefits to users
and operators while ad-
dressing evolving soci-
etal needs and fostering a sustainable ecosystem.

The publication consolidates key messages from previ-
ous NGMN deliverables around 6G and puts them into an
operator perspective, reiterating the renowned NGMN’s
6G Position Statement published in 2023. Industry lead-
ers stress that the transition to 6G should be evolution-
ary and that the evolution should not force a complete
hardware refresh. While new radio equipment is required
for deployment in new frequency bands, the evolution to-
ward 6G in existing bands should primarily occur through
software upgrades, ensuring a smooth transition.

6G must demonstrate clear, tangible benefits within
a realistic techno-economic framework. The network
architecture must meet MNOs criteria for modularity,
simplicity, openness, operational simplification, com-
patibility and interoperability and trustworthiness while
delivering economic and social sustainability. These fac-
tors are crucial to enable fast deployment and to sup-
port the development of market-aligned services that
meet user demands.

6G should be

viewed.as a seamless
evolution...

Components that move
the world forward.

From the frontlines of defense to the backbone of
communications, RF engineers trust Trans-Tech
for precision, reliability, and performance.

Filters @ Diplexers ® Duplexers ® Patch antenna elements

Circulators & Isolators ® Inductors ® Ceramic enabled devices
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Aroundthe Circuit
Barbara Walsh, Multimedia Staff Editor

COLLABORATIONS

Anritsu Corporation announced its participation as a
test and measurement partner in two pioneering dem-
onstrations of 3GPP Rel-17 compliant non-terrestrial
network (NTN) technology at the 2025 5GAA meetings
in Paris. The demonstrations provided the first of their
kind measurements showcasing the readiness of the
technology and ecosystem to revolutionize automotive
safety. In one of the collaborations with industry leaders
BMW Group, Deutsche Telekom, Viasat and Skylo,
Anritsu contributed to successful measurements of
end-to-end NTN key performance indicators (KPls). The
joint effort focused on measuring NTN KPIs to demon-
strate the feasibility and effectiveness of use cases, such
as local hazard warning and emergency messaging.

Ericsson and Supermicro announced an intent to en-
gage in a strategic collaboration to accelerate Edge Al
deployment. The parties have signed a Memorandum
of Understanding to explore the combination of Erics-
son Enterprise Wireless Solutions’ industry-leading 5G
connectivity with Supermicro’s industry-leading Edge Al
platforms into commercial bundles that will deliver ad-
vanced Edge Al capabilities that leverage 5G network
connectivity as a key value-add attribute. It will also sim-
plify procurement and deployment with a unified solu-
tion with pre-validated Al compute and 5G connectivity.
As Al becomes integrated into a wide range of business
functions, many of those Al applications require low la-
tency response times.

NEW STARTS

Greenerwave has announced the opening of new of-
fices in Toulouse to accelerate their growth. By moving
into the European capital of aerospace, the company is
embedding itself within a top-tier ecosystem that brings
together France’s leading expertise in the sector. This
strategic location within a specialized technical environ-
ment will give a strong boost to Greenerwave's ambi-
tion: to revolutionize satellite communications through
a disruptive technology. Its solution, passive and low in
semiconductor consumption, enables the development
of a new generation of antennas that are more energy-
efficient and have a lower carbon footprint.

ACHIEVEMENTS

Pixus Technologies has announced its 15th year an-
niversary as a provider of embedded computing and
enclosure solutions. The company has been support-
ing the military, aerospace, industrial, HPEC, physics/
research and telecom communities since its inception
in 2010. The core Pixus team was created from former
Kaparel/Rittal engineers who have been developing
backplane-based solutions for over 30 years. Pixus is
one of the few manufacturers in the industry who pro-

For More
Information

46

vide the full ecosystem of embedded subsystems from
the ground up. This includes components such as card
guides and rails to backplane/chassis designs, to as-
sembled chassis platforms with integrated cooling, /0
and power solutions. The company also provides some
specialty pre-integrated services. The Pixus USA office
was opened in 2021.

CONTRACTS

BAE Systems has been awarded a $1.2 billion contract
by U.S. Space Systems Command to provide the U.S.
Space Force with missile tracking satellite capabilities.
BAE Systems will serve as the prime contractor for the
Resilient Missile Warning & Tracking medium Earth
orbit Epoch 2 program and will design and build 10
spacecraft over the agreement, including a four-year
delivery for the space vehicles plus another five years
of operations and support. The program will provide
resilient, space-based missile warning and tracking of
ballistic missiles and advanced threats, such as hyper-
sonic glide vehicles.

PEOPLE

The Bavarian Prime Minister Dr.
Markus Séder, MdL, awarded Pro-
fessor Ulrich L. Rohde with the Ba-
varian Order of Merit. The Prime Min-
ister presented the medal and award
certificate to Rohde and other distin-
guished personalities on July 9, 2025.
The Bavarian Order of Merit is
awarded by the Bavarian Prime Minis-
ter on a yearly basis as “a sign of grateful recognition
for outstanding scientific achievements and social ser-
vice rendered to the Free State of Bavaria and the Ba-
varian people.”

A Ulrich L. Rohde

REP APPOINTMENTS

mmTron Inc. announced the appointment of Richardson
RFPD, an Arrow Electronics company, as its authorized
global distributor. This distribution agreement will ex-
pand mmTron’s global reach through mmTron’s innovative
product portfolio and Richardson RFPD’s strong technical
support. Under the agreement, Richardson RFPD will rep-
resent mmTron globally while adhering to all applicable
international trade restrictions and exclusions. Richardson
RFPD will represent all mmTron products and will stock the
products best aligned with their target markets.

RFMW announced a new distribution agreement with
Sonoma Scientific, a U.S.-based manufacturer special-
izing in high-quality ferrite isolators and circulators. So-
noma Scientific’s products complement RFMW's portfo-
lio of high-power GaN and LDMOS RF and microwave
amplifiers and devices, enabling customers to optimize
performance in new designs. This agreement enhances
RFMW's ability to deliver robust, military-grade solu-
tions to global customers while supporting Sonoma
Scientific's growth in key markets.

For up-to-date news briefs, visit mwjournal.com
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EuMW 2025 Preview:
Waves of Innovation

Pat Hindle, Media Director, Microwave Journal

he 28th edition of the Eu-
ropean Microwave Week
(EuMW 2025) will take
place in Utrecht, continuing
the annual series of highly success-
ful microwave events that started
back in 1998. In 2020, the event was
moved from Amsterdam to Utrecht
for the first time but was canceled
due to the pandemic, so this will be
the first year it takes place in Utrecht
which is conveniently located just
outside of Amsterdam. As always,
EuMW 2025 is made up of three co-
located conferences:
* The European Microwave Con-
ference (EuMC)
* The European Microwave In-
tegrated Circuits Conference
(EuMIC)
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* The European Radar Conference

(EuRAD)

In addition, EUMW 2025 includes
the Defence, Security and Space Fo-
rum; Automotive Forum; 6G Forum;
and a large exhibition. EUMW 2025
provides the opportunity to partici-
pate in conferences, workshops, short
courses and special events such as
Women in Microwave Engineering. It
is Europe’s version of IMS and the larg-
est microwave event on that continent.

EuMC

The 2025 European Microwave
Conference is Europe’s top con-
ference dedicated to microwave,
mmWave and terahertz devices,
systems and technologies. The
conference will be held from 23-25

fagks s =

r

of September and is the featured
event at EUMW. A broad range of
high frequency related topics, from
materials and technologies to in-
tegrated circuits (ICs), systems and
applications, will be addressed in
all their aspects: theory, simula-
tion, design and measurement.
Examples include the latest devel-
opments of filters and passive com-
ponents, modelling and design of
emerging engineered materials,
high frequency and high data rate
microwave photonics, highly stable
and ultra-low noise microwave and
mmWave sources, new lineariza-
tion techniques, 6G, loT and the
impact of new packaging technolo-
gies on development applications.
The topic “Sustainability (including
energy efficiency, eco-design) and
Environmental Impact” will be a
focus topic, demonstrating the con-
ference’s aim at both addressing the
sustainable use of RF devices in our
societies and identifying the long-
term measures for mitigating the
environmental impact of RF tech-
nologies.

The EuMC provides many op-
portunities for networking and in-
teraction with international experts
in a wide variety of specialties, at-
tracting delegates with academic
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as well as industrial backgrounds.
With more than 50 oral and poster
sessions, the conference represents
an exciting forum for the presenta-
tion and discussion of cutting-edge
technology in the microwave area.
In addition to scientific papers, con-
tributions on industrial applications
will be presented, covering the
fields of instrumentation, medical,
telecommunication, radio astron-
omy, radar, space, automotive and
defence systems.

EuMIC

The 20th European Microwave
Integrated Circuits Conference will
be held as part of EUMW 2025.
Initiated by the GAAS Association
in 1990 and renamed in 2006, the
conference will take place from
the 22 and 23 of September. The
EuMIC conference is jointly orga-
nized by the GAAS Association and
EuMA and is the premier European
technical conference for IC and
system design ranging from RF, mi-
crowave and mmWave to terahertz
electronics, ultra-fast mixed-signal
circuits and optoelectronics.

The EuMIC conference is the
largest scientific event in Europe re-
lated to microwave ICs. The confer-
ence aims to showcase recent nota-
ble advancements and trends from
the academic and industrial fields,
to exchange technical information
and to provide opportunities for
networking and interaction with the
community. The conference covers
a broad range of high frequency
related topics in ICs, ranging from
devices, fabrication and IC packag-
ing technologies to the monolithic
IC and complete system design,
system-in-package and system-on-
chip applications, encompassing
all relevant aspects such as theory,

modelling, simulation, fabrication
and measurement.
The EuMIC conference also in-

cludes Ill-V-based and Si-based
technologies — both strong driv-
ers of innovation in microwave to
terahertz and optical technologies,
infrastructure and applications. In
the emerging technology area, con-
tributions in the field of nanotech-
nologies, as well as wide-bandgap
devices and technologies for micro-
wave photonics, are included. New
and emerging applications of infor-
mation and communication tech-
nology and sensing, megatrends
such as 6G and terahertz connectiv-
ity, connected and environmental-
aware vehicles, specifically auto-
motive radar, smart and intelligent
sensing, pan-global satellite cover-
age, smart city and smart factory
developments, all rely on high fre-
quency devices and solutions.

EuRAD

The 22nd European Radar Con-
ference will be held from 24-26 of
September in the framework of
EuMW 2025. This radar conference
is the most important European
event for state-of-the-art and future
directions in the field of radar re-
search, technologies, system design
and applications. The EuRAD con-
ference will bring together a global
network of researchers, practitio-
ners and institutes working on radar.
The paper submission includes top-
ics clustered around four main cat-
egories:

Radar Principles and Modelling
comprises a wide range of radar
systems and approaches, such as ul-
tra-wideband, noise, quantum, po-
larimetric, MIMO, passive, HF and
over the horizon, multi-static and
networked radar. It also includes as-

HITTHET

. Defense, Security &
Space Forum
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pects of radar electromagnetic phe-
nomenology and modelling, such
as developing digital twins of radar
systems, as well as the design and
characterization of radar waveforms.
Radar Technologies focuses on
the various architectures and mod-
ules constituting a wide range of
radar systems. Innovative research
contributions are expected at mul-
tiple levels, from RF components,
circuits and modules to entire mul-
tifunctional and reconfigurable ar-
chitectures, from phased array tech-
nologies designed for long-range
applications, to mmWave and THz
systems targeting shorter ranges
with high resolution. Part of these
topics are also research contribu-
tions and technologies in the area
of waveform synthesis, receiver ar-
chitectures, synchronization and
joint sensing and communication,
as well as results in sustainable and
energy-efficient technologies for ra-
dar manufacturing and design.
Radar Signal Processing, Al-
gorithms and Al aims to attract
research contributions in the wide
areas of radar signal processing.
This includes techniques, includ-
ing but not limited to beamform-
ing, MIMO, detection, compressive
sensing, tracking and data fusion,
radar sensor management, imaging
and super-resolution techniques,
radar-based automatic target clas-
sification, cognitive techniques and

spectrum sharing, as well as quan-
tum computing algorithms applied
to radar.

Radar Applications will include
the vast number of domains where
radar systems and techniques have
been recently applied, from defence
and security applications, such as
electronic surveillance and warfare
and UAV monitoring, to civilian ap-
plications of radar in the medical,
biological and industrial fields, such
as human activity monitoring and
gesture recognition. This category
aims to attract novel contributions
in the field of radar for automotive
and transportation applications, as
well as geoscience, environmental
and weather monitoring and space
surveillance and exploration.

FORUMS

The 6G Forum takes place on 22
September and is a dynamic event
where industry and academic experts
converge to explore the future of
wireless communications. Dive into
engaging presentations on system
applications, standardization, spec-
trum management and cutting-edge
microwave and antenna technolo-
gies. Enjoy a mix of technical talks,
posters, demos and a lively panel dis-
cussion. Network with innovators dur-
ing the demo/poster session, show-
casing the latest 6G advancements.

The Automotive Forum takes
place on 23 September and is
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where industry experts gather to
discuss cutting-edge radar architec-
tures, technical aspects and market
trends in automotive microwave ap-
plications and connectivity. Enjoy
a blend of technical presentations,
panel discussions and a poster ex-
hibition. Network with peers during
dedicated sessions and dinner. Key-
note speakers will share insights on
innovative solutions and regulatory
challenges. This is a unique forum
not available at most other events.

The 2025 Defence, Security and
Space Forum is on September 24
as part of EUMW. The topics will
cover space weather and its impact
on military operations, critical infra-
structure, GPS, GNSS navigation
and communications. Learn about
current and future monitoring sys-
tems and explore how to access and
research open-source space weath-
er data and meet with top experts in
the field at this forum.

EXHIBITION

EuMW 2025 takes place 23 — 25
September and is the largest trade
show dedicated to microwaves and
RF in Europe, providing:

8,000 m2 of gross exhibition

space
e Around 4,000 key visitors from

around the globe
e 1,500 to 1,700 conference del-

egates.

With more than 300 internation-
al exhibitors, the event attracts a
more diverse global audience than
IMS that tends to be mostly U.S.-
based exhibitors. There are more
European and Asian companies at
EuMW, as it is much easier for them
to attend in Europe. The exhibition
will offer its exhibitors an unrivaled
opportunity to present products,
technological developments and
form relationships with relevant and
interested attendees including aca-
demics, professionals and industry
leaders. EUMW attracts high-level,
C-suite attendees, so there are
more opportunities to network and
discuss higher level opportunities.
It also offers a forum for discussing
trends and exchanging scientific
and technical information. We hope
to see everyone in Utrecht. B
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ommercial aircraft weather protect-

ed radar radome certification and

re-certification of repaired radomes

according to the latest RTCA
DO213A-Change 1A can be time-consum-
ing in antenna pattern tests. Test systems
based on three test methods, far-field, com-
pact range and near-field (NF), have been
developed to meet the requirements in the
past.’3 However, some of these systems
require improvements to comply with the
latest version of RTCA DO213A Change 1A
requirements, particularly with the \/4 dis-
tance shift in test distance for the NF test
methods. This paper introduces a unique,
fully compliant spherical near-field (SNF) test
system that meets accuracy requirements
and maintains range efficiency.

DESIGN CONSIDERATIONS

The SNF test method is chosen based on
the required antenna under test (AUT) test
volume and the available test space for this
project. However, the SNF method is time-
intensive due to the need to measure the
required number of test points on the NF
scan surface given by the Nyquist sampling
theorem:

NQS = 2Ny = Zﬂ?min
A= A0 =5 Q)

The test system must also adapt to three
different sizes of commercial aircraft ra-
domes and accommodate test frequencies
at 9.333 and 9.345 GHz. The largest radome
will need the D,,;, at 2.2 m to fit. When \
at 9.5 GHz is chosen to calculate the sam-
pling points, an angular sampling increment
of Ap=A0=0.8 degrees is required to be the
common denominator to scan the sampling
area. A total of 202,500 test points will need
to be tested if the entire 4w solid angle is
scanned in the SNF test method, which will
take too long. Design parameters of the test
range subsystems are considered to elimi-
nate redundant pattern tests, thus allowing
for optimal performance. Additionally, the
AUT properties are utilized to shorten the
test time.

Test Range Distance

In selecting test range distance, consider-
ation is given to the minimum separation of
2\ plus the required N/4 distance shift, which
is feasible to meet in the X-Band frequency
range. The probe antennas shall always be
clear of the largest radome with additional
test distance to meet the minimum separa-
tion. Predominantly, this test system’s de-
sign is motivated to maximize test length
to minimize the probe to AUT coupling to
a negligible error, such that a N\/4 distance
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TechnicalFeature

shift can be proven unnecessary, thus saving test time.
Therefore, a nominal test distance of 2.5 m is chosen.

Anechoic Chamber

An anechoic chamber with shield-to-shield dimen-
sions of 6.5 (L) x 6.5 (W) x 6.1 m (H) is installed to host
the SNF test system and the AUT positioners. The an-

echoic chamber is treated with microwave absorbers to
provide a floor with a reflection noise of less than -50
dB inside a 2.5 m diameter quiet zone at the center of
the test range. A monorail hoist system is used to allow
easy placement of the radome on the positioners.

AUT Positioners

In designing the AUT positioner subsystem, as seen
in Figure 1, considerations are given to allow the SNF
system scan areas and the panel antenna to be fixed
throughout the test sequence. Thus, the relative angu-
lar position change between the radome and the panel
antenna is implemented by changing the orientation of
the radome instead of that of the panel antenna. This
positioning subsystem consists of the following seven-
motion axes:

1. Azimuth Positioner 1, SNF

Azimuth Scan Axis (+180 degrees)

2. Azimuth Positioner 2, Radome Azimuth o Axis (x100
degrees)

3. Elevation Positioner, Radome EL & Axis (+30 degrees)

4. Radome Roll Positioner, Radome y Axis (+30 de-

grees)

Radome Longitudinal Linear Positioner (0 to 500 mm)

Panel Antenna Azimuth Over-Range Lock

Panel Antenna Azimuth Over-Range Counter-Act.

Axes (6) and (7) are the compensating axes that allow

the radome to move to the extreme azimuth angular

position while allowing the panel antenna to remain in

its original center.

No o

Sy

I

P ———————————

wim

12-Channel Probe Subsystem

To expedite the SNF data acquisi-
tion, six dual polarized X-Band circular
waveguide probes are employed with a
high speed electronic switch to collect
data from 12 RF channels simultane-
ously. The probe positioner, as shown
in Figure 2, has the following motions:
1. Elevation Slide Positioner, SNF El-

evation Scan Axis (+80 degrees)
2. Radial Linear Slide, \/4 Test Dis-

tance Shift (0 to 50 mm)

Notably, the RF absorbers are kept at
a distance from the aperture of the six
low-directivity dual polarized probes to
avoid temperature and humidity varia-
tions. Changing RF absorber proper-

A Fig. 3 Panel antenna in (a) EL/AZ (6/¢) gimbal system and
(b) AZ/EL (e/a) gimbal system.

58

ties can affect the probe’s calibrated
path loss, which negatively affects the
SNF system’s stability.

Coordinate System Conversions

The radome test labs are rarely equipped with the
EL/AZ or AZ/EL panel antenna gimbals installed in
commercial aircraft nose cones. Using the radome po-
sitioner to simulate relative angular motions will result
in the opposite coordinate system. For example, an EL/
AZ radome positioning system will simulate a relative
coordinate system as if there were an AZ/EL gimbal sys-
tem for the panel antenna. If one wishes to provide a

radome positioning system to simulate radome testing
for both EL/AZ and AZ/EL gimbal systems for the panel
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1x12
RF Switch |
Control Room
1 Directional ___ Vector Signal
v 6 Dual Couplers Analyzer
Polarized
X-Band Probes Y5
Directional J
Anechoic  Couplers Y6 b, 9
Chamber 4 C —
RF Power SMA Y9 Y2| X1 Y4
SMA Amplifier Y181
X2 L
Y3 _| Connector
Panel

A Fig. 4 RF subsystem diagram.

RF Subsystem

Figure 4 shows the RF subsystem of the test range.
The directional coupler closest to the AUT measures
the reflection from the radome, while the second di-
rectional coupler is used to measure the reference in-
put power. An RF power amplifier is used in the input
port to boost the system’s dynamic range, thus allowing
faster data acquisition. This RF subsystem has a signal
dynamic range of less than 80 dB.

Test System Control and NF2FF Software

Positioner controllers and system software, including
the NF2FF transformation package, are provided by
Nanjing MJK Engineering Co. LTD.

SYSTEM PERFORMANCE
EVALUATIONS

Figure 5 shows the four mechanical
setups for one radome-off and three
radome-on RF performance evaluations
to prove the validity and compliance of
the installed SNF test system.

Scan Surface Truncation and Error
Considerations

A Fig. 5 AUT Setups: (a) radome-off with panel antenna, (b) radome-on with smaller
radome, (c) radome-on with larger radome and (d) radome-on with the largest radome.

antenna, a roll axis shall be added as shown in Figure 3.

The EL/AZ radome positioner, as shown in Figure 1, in-
trinsically simulates only the AZ/EL gimbal coordinates in
Figure 3(b). Using the roll axis vy, the conversion to the EL/
AZ gimbal coordinate system can be calculated using a
set of coordinate transformations. In the EL/AZ (6/d) gim-
bal coordinate system:

E cosfcosp cosfsing sinf )7
Q =|-sinfcos¢ -sinfsing cosl 7 2)
b -sing cos 0 Nk

In AZ/EL (e/a) gimbal systems with an added roll axis
v inside of the elevation axis:

r cosacose sina cosasine) i’

c|= -sine 0 cose 7 (3)
o sinacose cosa -sinasine\k”

I 1 0 0 T

j? =10 cosy siny ]\ (4)
k’ 0 -sinycosy Jk

By requiring that the polarization of the panel an-
tenna be kept the same as that of the given (6,¢) in EL/
AZ gimbal, one can obtain the following three unique
solutions of (a,&,y):

tg(a) = tgdp/cos O (5)
sin(e) = sinfcosd (6)
tg(7) = tgsind (7)

A positioning table can be established to allow fast
implementation of (a,&,y) to simulate the required (0,4)
gimbal orientation. Thus, the AUT positioning system
design can implement both EL/AZ and AZ/EL gimbal
coordinate systems.

60

To expedite the SNF data acquisi-
tion, a partial scan surface shall be cho-
sen to include a very high percentage
of the AUT energy, so no sidelobe levels (SLL) above
-33 dB shall appear. Since the AUT is a high gain an-
tenna, a small portion of the solid angle is required for
both radome-on and -off configurations. Table 1 shows
the required SLL and its allowable variation in azimuth
and elevation patterns.

A scan surface with +40 degrees in azimuth and +28.8
degrees in elevation is chosen for this purpose. It is veri-
fied by re-scanning the AUT using the scan surface =60
degrees in azimuth and +38.4 degrees in elevation.

Figure 6 demonstrates that no further details of SLL
above -45 dB can be seen by using the enlarged scan
surface. Therefore, there is no need to further enlarge
the scan surface beyond the reference scan surface. By
using the reference scan surface setting, only 14,746 of
the 202,500 test points are tested. Thus, an SNF pat-
tern test for both azimuth and elevation patterns can be
completed within three minutes of test time.

Stability of the Test System

Due to the required test time, test data from the SNF
test system will be necessary to compare to test data ac-
quired days ago. The stability of the test data over time
is critical. Table 2 shows the intercompared radome-off
pattern peak values tabulated with the panel antenna
fixed. Table 2a shows the values at nominal test dis-
tance, Table 2b shows the values at the nominal test
distance plus a quarter wave shift and Table 2c shows
the average values from Table 2a and b. These shifts
simulate the radome being oriented to 21 x 11 angular
positions. An SNF scan is performed and transformed
to far-field at each radome positioner setup. Peak gain
values are entered into the tables as the radome trans-
mission efficiency (TE) reference data. Five days later,
the same 231 SNF scans were also measured, and the
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TABLE 1
ALLOWED SSL WITH RADOME-ON
Reference SLL -21 to -40 dB
Category 1 | Area 1: Window | No more No higher than y=Ax+B | No higher
area within thana 1 dB with: x=SLL radome than -32 dB
+25 degrees increase OFF, y=SLL radome
in azimuth and ON, A=12/19 and B=
+10 degrees in -128/19
elevation
Area 2: )
Everywhere else The maximum of (-23 dB, Category 1 Area 1 spec + 1 dB)
Category 2 | Everywhere The maximum of (-23 dB, Category 1 Area 1 spec + 1 dB)
0 P 0 73
— =10 & -10
8 20 5 2
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A Fig. 6 Patterns from (a) azimuth reference scan, (b) elevation reference scan, (c)
azimuth enlarged scan and (d) elevation enlarged scan.

results were compared to assess the
test system stability. The data in-
cludes variation due to environmen-
tal changes, such as temperature
and humidity, over the six days.

It has been tested and found
that the maximum difference of all
peaks between two sets of pattern
tests over a time span of six days
is between -0.011 and +0.027 dB.
Also, based on the RTCA test plan,
the maximum average deviation be-
tween the two tests among 11 eleva-
tion angles is less than 0.00417 dB,
or at 0.096 percent. Therefore, the
overall average TE deviation due
to the system stability is less than
0.0027 dB, or 0.062 percent. This
test also demonstrates the potential
to measure only one reference pat-
tern peak rather than 231 repeated
measurements because the varia-
tions are so small as to be negligible.

Far-Field Antenna Pattern
Verification

The first verification is to evaluate
the beamwidth and its SLLs by com-
paring the transformed far-field pat-
terns from the SNF data to patterns
obtained from a far-field range. Two
pattern cuts, horizontal- and vertical-
plane, are compared against far-field
patterns measured at an outdoor far-
field range. Figure 7 shows the inter-

TABLE 2A TE DATA FOR A LARGE COMMERCIAL AIRCRAFT RADOME AT NOMINAL TEST DISTANCE
Test Frequency 9.333 GHz
Test Date 04/23/2021-04/28/2021
Normal Antenna Position Panel Antenna Center at 2500 mm distance from the aperature of the probe antennas
<<Left Azimuth Angle (Degrees) Right>>
El 9 | -80 | -70| 60| 50| 40| 30| -25]-20|-10[ 0| 10| 2 | 25|30 |4 |50 ]| 6 |7 | 80 90 | Avg. | Min.
Angle | (%) %) | ) | o) | (%B) | (B) | (%) | (%B) | (%) | o) | (%) | (%) | (%) | (R | 6) | (%) | (%) [ (%) | (%) | (%) (%) (%) (%)
25 | 901 | 881 | 886|867 |860| 863|884 (885(87.6[884[99]9.7[93]889]|894(880]87.0|869]|881]|885| 8.0 | 884 | 860
20 | 916 | 904 | 895|881 |87.1| 878|872 (874|884 883902896 |884]860]864(890]87.0][879]86]|9.1| 9.7 | 886|860
A 15 | 934 | 921 | 903|892 | 885|857 | 9.0 [ 906|904 |94 [903]913[917|898]89.1[880]890]|894]|898]|916| 927 | 90.1 | 857
down | 10 | 944 [927 910|894 | 875|899 | 914|916 912[910]91.7 ] 920|925 910 907|890 | 8.0 893|909 [928]| 942 | 911 | 875
Elev. | 5 | 947 | 934|918 [ 903|894 | 908|919 919|917 [ 915|922 | 922 [ 924 | 915 ]| 914 [ 91.0 | 89.0 | 900 | 91.1 | 932 | 947 | 91.7 | 89.0
Angle | ¢ 947 | 932 | 916 | 894 | 880 | 90.6 [ 919 | 920 | 91.4 [ 915 | 92.6 | 925 | 919 | 91.6 [ 923 | 91.0 | 900 | 89.6 | 91.5 [ 933 | 945 | 91.7 | 880
— 5 939 | 922 | 909 | 895 | 87.6 | 89.7 [ 921 | 91.6 | 91.5 [ 91.4 | 924 | 926 | 918 | 91.3 [ 922 | 91.0 | 900 | 89.2 | 90.7 [ 921 | 936 | 91.3 | 876
ue 10 | 925 | 909 [ 900|889 | 884 | 892|909 | 916 | 912|913 924927 | 918|913 [913[90.0|880]890]894 (911 923 | 907 | 884
Vv 15 | 908 | 89.6 879 |87.1| 857 [ 868 | 895|907 ] 906 [908]91.2]91.7[91.1]9.8]|898]|860]|870(87.6]881|899[ 907 | 892|857
20 | 885 [879|87.1 881 |87.5]| 861|887 888|887 |896| 94908894887 ]|874|ss80]|880]|87.1(|877]87.2| 85 | 883|861
25 | 884 [882|87.3 858|864 |876|881 875872875886 888|882(884]|890]|870(87.0]854(874]|882| 84 |876]854
Avg. | 921 | 908 | 89.6 | 88.4 | 875 | 882 [ 90.0 | 90.2 | 90.0 | 90.1 | 912 [ 91.3 [ 90.9 | 89.9 | 89.9 | 889 | 88.1 | 883 | 89.4 | 907 | 91.7
Overall Averge Efficiency 89.9%
Minimal Averge Efficiency 87.6%
Minimum Efficiency 85.4%
Radome Class = (A/B/C/D) B
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compared antenna patterns.

It can be observed that the two
sets of patterns compare very well in
both their main beams and SLL down
to as low as -45 dB within the scanned
azimuth and elevation angular ranges.

Test Distance \/4 Movement

In the latest RTCA test plan, a
N4 shift is required to average out

the pattern peak variations due
to the NF coupling between the
probe(s) and the AUT using the
SNF method. This SNF system im-
plements the feature by providing
a linear slide in the multi-probe car-
riage. At 9.333 GHz, the \/4 radial
shift is an 8.03 mm increase in the
nominal 2500 mm test distance.

in pattern peaks with \/4 shift pres-
ent negligible changes in the TE
measurement when the test dis-
tance in the SNF range is more than
75\ in electrical length.

Transmission Efficiency Verification
After the qualification of the SNF

test system, the most time-consum-

ing TE measurements are performed

It was observed that the changes

TABLE 2B TE DATA FOR A LARGE COMMERCIAL AIRCRAFT RADOME
AT NOMINAL TEST DISTANCE + \/4 SHIFT
Test Frequency 9.333 GHz
Test Date 04/23/2021-04/28/2021
Normal Antenna Position Panel Antenna Center at 2500 mm distance from the aperture of the probe antennas + 1/4
wavelength shift
<<Left Azimuth Angle (Degrees)  Right>>
El | 90| -8 [ 70| 0 | 50] 40 | 30 [-25|-20[-10] o |10 20 | 25 | 30 [ 40 | 50 60 70 | 80 [ 90 | Avg. | Min.
Angle | (%) | (%) | (%) (%) (%) | (%) | (%) | (%) | B) | () | (%) | (%) | (%) (%) | (%) | (%) | (%) (%) (%) (%) | (%) (%). (%)
25 | 909 89.6 | 89.1 | 869 |86.1| 864 | 885 | 884|87.6]|887| 90.4]|90.1] 896 | 882 | 889 864 | 872 | 863 | 883 |87.7| 888 | 883 | 86.1
20 | 922 918 | 903 | 883 | 872 880 | 858 | 87.4| 88.6|88.4| 89.6|888| 877 | 854 | 857 | 87.4 | 866 | 874 | 886 | 895| 907 | 884 | 854
A 215 | 938 934 [ 911 | 897 | 883 858 892 [ 90,6906 906| 900|905 91.2 | 89.1 [ 884 865 | 88.4 | 890 | 897 | 907 926 | 900 | 858
down | 10 | 947 [ 939 | 917 | 896 |87.6] 894 | 909 | 91.7 | 91.4] 91.2] 91.1] 91.2| 919 | 903 | 900 873 | 886 | 887 | 906 | 920 939 | 908 | 87.3
. 5 951 944 [ 921 | 906 | 89.6| 906 | 916 920 91.9[920[ 91.4[91.5] 91.9 | 909 [ 908 90.4 | 887 | 894 | 906 | 924 943 | 915 | 887
Angle | O | 951 941 | 921 | 897 |883| 907 | 922 | 92.2|915]|92.1]| 919 [ 91.7| 91.6 | 913 | 91.8| 908 | 896 | 889 | 910 | 926 941 | 916 | 833
Degy| 5 | 943|933 | 91.5| 896 |880| 900 | 922 | 91.7]|91.8]| 920[ 916 [919] 912 | 907 | 915| 905 | 89.2 | 888 | 902 [91.5] 932 | 912 | 880
10 | 930 918 | 905 | 891 |885] 89.2 | 907 [ 91.7 | 91.4[ 91.9] 91.6 | 91.9] 913 | 909 | 90.6| 897 [ 881 | 887 | 888 | 905[ 91.9 | 90.6 | 881
i 15 | 915[ 905 | 884 | 87.1 |858] 86.1 | 89.6 | 90.8[90.8]|91.2]| 90.5]|91.1| 907 | 904 | 89.2| 853 | 864 | 87.9 | 874 | 894 904 | 891 [ 853
\Y; 20 |896| 888 | 874 | 832 [87.6| 864 | 87.3|887|889]90.1| 89.8|90.2| 888 | 882 | 86.7| 87.4 | 87.3 | 87.8 | 870 [865| 88.1 | 881 | 864
25 |896| 888 | 87.5| 860 |863| 87.3| 880 | 87.4|87.2| 87.8| 87.9| 88.2| 87.6 | 877 | 885 | 86.1 | 864 | 856 | 868 |875| 879 | 87.4 | 856
Avg. | 927 | 919 | 902 | 886 |87.6]| 882 | 89.7 | 90.2|90.1| 90.6| 90.5]|90.7| 903 [ 89.4 | 89.3| 880 [ 879 | 880 | 89.0 | 900 91.4
Overall Averge Efficiency 89.7%
Minimal Averge Efficiency 87.4%
Maximum Efficiency 85.3%
Radome Class = (A/B/C/D) 8
TABLE 2C TE DATA FOR A LARGE COMMERCIAL AIRCRAFT RADOME
AVERAGED TE DATA FROM THE TWO SETS OF TEST DATA
Test Frequency 9.33 GHz
Test Date 04/23/2021-04/28/2021
Normal Antenna Position Averaged results of the TE data from two test distances
<<Left Azimuth Angle (Degrees)  Right>>
El | 90 [ 80 | 70 | 60 | 50 [ 40 [ 30 [ 25 | 20 | -10 | © 10 | 20 | 25 | 30 [ 40 [ 50 | 60 [ 70 [ 80 | 90 | Avg. | Min.
Angle[ (%) | %) | ) | (%) | %) | %) | (%) (%) (%) | (%) | 6) | 6) | %) | 8) | (%) | %) | %) | (%) | %) | %) | %) | (%) (%)
25 | 905 | 889 | 888 | 86.8 | 86.1 | 864 | 88.4 | 884 [ 87.6 | 885 | 907 | 90.4 | 90.0 | 885 | 89.2 [ 87.3 [ 872 | 86.6 | 882 | 88.1 [ 889 | 88.4 | 86.1
20 | 919 | 911 | 899 | 882 | 87.1 | 87.9 | 865 | 87.4 [ 885 [ 883 | 89.9 | 89.2 | 88.1 | 857 | 86.0 | 882 [ 868 | 87.7 | 886 | 89.8 | 90.7 [ 885 | 857
A 15 | 936 | 927 | 907 | 89.5 | 88.4 | 858 | 89.6 | 90.6 [ 90.5 | 905 | 902 | 909 | 91.4 | 89.4 | 887 | 87.2 | 885 | 89.2 [ 89.8 [ 91.1 | 92.6 | 900 | 858
down o oae | 933 [ 914 | 895 | 576 | 896 | 911 | 917 [ 913 | 911 | 914 | 976 | 922 | 906 | 904 | 880 | 887 | 890 | 507 | 924 | 941 | 910 | 676
Elev. [ -5 | 949 | 939 | 920 | 904 [ 895 [ 907 [ 918 | 919 | 91.8 | 91.8 | 91.8 [ 91.9 [ 922 [ 91.2 | 91.1 | 909 | 888 | 89.7 | 909 | 92.8 | 945 | 91.6 | 888
Angle |0 [ 9a9 | 937 [ 918|895 | 881|907 [ 920 | 921 [ 915|918 922 921 | 917 [ 914 [ 921 | 910 | 898 [ 892 | 912 | 929 | 943 | 916 | 881
©Oeg) ™5 oa1 [ 927 | 912 | 896 | 87.8 | 898 | 921 | 917 | 916 | 917 | 920 | 922 | 915 | 91.0 | 919 | 90.6 | 89.4 | 89.0 | 905 | 91.8 | 934 | 91.2 | 678
up 10 [ 928 | 914 | 902 | 890 [ 884 | 892 | 908 [ 916 [ 913 | 916 | 920 [ 923 [ 916 | 91.1 | 91.0 [ 899 | 882 [ 889 | 89.1 | 90.8 | 92.1 | 90.6 | 882
15 [ 912 | 900 | 882 | 87.1 [ 858 | 865 | 89.6 [ 907 [ 907 | 91.0 | 90.8 | 91.4 | 909 | 90.6 | 89.5 | 855 | 865 [ 87.7 | 87.8 | 89.6 | 905 | 89.1 | 855
v 20 | 89.1| 884 | 873|881 |876|86.2]|80]| 8.7 |888]899]9.1]95]89.1|885]|87.0(878|874]875](87.3(868]|883]882] 862
25 [ 890 | 885|874 | 859|863 |87.5| 80| 874 872|877 |882|885]|87.9| 881|887 |865]|865(855](87.1(678]s882]875] 855
Avg. | 924 [ 913 | 899 | 885 | 87.5 [ 882 | 89.8 [ 902 | 90.1 | 90.4 | 90.9 | 91.0 | 90.6 | 89.7 | 89.6 | 885 | 88.0 | 882 | 89.2 | 90.4 | 916 | 87.5 | 855
Overall Averge Efficiency 89.8%
Minimal Averge Efficiency 87.5%
Minimum Efficiency 85.5%
Radome Class = (A/B/C/D) B
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range. ()
Table 2 pres- A Fig.7 Large radome-on
ents the mea- intercompared measured far-field (a)
sured TE for a azimuth from this SNF, (b) elevation from
._1 this SNF, (c) azimuth from an outdoor
Iarge commercial far-field range and (d) elevation from an

radome with  a sutdoor far-field range patterns.
panel radar an-

tenna; the overall average TE is 89.8 percent, and the
minimum averaged TE among 11 elevation angles is
87.5 percent; the minimum TE among all 231 points is
at 85.5 percent. Based on the published radome class
ratings, this is a Class B radome. The same radome has
been tested at an outdoor far-field range and reported
at an overall average TE of 90.8 percent, a minimum av-
eraged TE among 11 elevation angles of 88.6 percent
and a minimum TE among all 231 points of 83.0 per-
cent. The outdoor range report also rates this as a Class
B radome. The two ranges, although utilizing complete-
ly different test methods with a two-month time span
between the two test methods, generate less than 2.5
percent minimum TE difference in the worst case.

The TE results of all radomes of three different sizes,
with two different panel radar antennas, compare well
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with reported test results from two
outdoor ranges in both TE reading
and in radome classification. Ad-
ditionally, the test results with A/4
shift in test distance do not show
any appreciable difference and
demonstrate a variation for all three
radomes much lower than 0.1 dB
with two different system antennas.
These variations do not result in any

change in the radome classifica-
tions. Therefore, the TE tests with
N4 shift in test distance should be
omitted in the SNF test range if the
test range distance is greater than
75\.

Radome Incident Reflection
Measurement

A response and isolation calibra-

TABLE 3 INCIDENT REFLECTION OF THE LARGEST RADOME

41427110-51 (J089808483-0000)
Rockwell Collins (P/N:622-5137-601)

Radome P/N & Serial Number
Antenna P/N & Serial Number

Test Frequency 9.333 GHz
Test Date 2021/5/8
Antenna Position (reference table X in test) A: 37" B: 35.5”
<<Left Azimuth Angle (Degrees)  Right>>
El -40 0 40
Angle (%) (%) (%)
20 0.03 0.01 0.05
A 10 0.05 0.02 0.06
up 0 0.03 0.01 0.02
Elev. Angle (Deg.) -10 0.01 0.03 0.03
-20 0.02 0.03 0.02
Values shown are percentage change in S11 between Radome off and Radome on test cases.
(S11_Radome+Antenna-S1 1_Antenna)/\2*1 00
(Requirements is IR < 0.5%)

N (. criteria
labs

52:5 DowKey*
=T owave

CONNECTING & PROTECTING PEOPLE

2Fspy

tion can be performed at the in-
put port of the X-Band waveguide
connecting the panel antenna, and
when the panel antenna is mounted
at the radome-off configuration. The
calibrated SNF can easily achieve a
background VSWR of less than 1.02
or -40 dB in the RF system’s back-
ground reflection noise. When the
radome is mounted in front of the
panel antenna at radome-on config-
uration, the incident reflection (IR) is
measured with the panel antenna
incident at 15 different positions
to the radome. Table 3 shows the
sample measured IR from the larg-
est commercial aircraft radome.

Beam Deflection, Pattern Distortion
and SLL

Beam deflection and pattern
distortion were first tested at the
radome-off configuration for the
pattern stability over a period of
more than 48 hours. It was demon-
strated that the SNF test system has
a worst-case peak value difference
of less than 0.003 dB and a beam-
width difference of less than 0.002,
which is approximately a 0.09 per-

m. r~Ol &

| SOLUTIONS | ZER@'

DSEIl, Sept. 9-12, Sstand S12-320 « EUMW 2025, Sept 23-25, Stand B142 - mpgdover.com
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cent change between two azimuth
plane pattern results. The maximum
sidelobe difference is 0.79 dB at -35
dB SSL. The tests were done for a
smaller radome in the beam peak
deflection between radome-off and
-on. The test results show a less than
+0.2 degrees beam peak pointing
error at the radome-on. The aver-
aged small radome antenna pattern
beamwidth distortion test data at
both nominal and N\/4 shift inclusive

test distance also shows a much
less than +0.2 degrees beam peak
pointing error. The SSLs have been
verified to comply with the test re-
quirement and agree with test re-
ports from other sites.

CONCLUSION

A multi-probe SNF test system
with several unique features has
been developed to perform all re-
quired antenna pattern testing fully
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compliant with the latest RTCA
DO-213A Change 1A. The system
has been verified for accuracy and
repeatability and has demonstrated
excellent performance. With proper
selections of the SNF scanning test
parameters and careful consider-
ations of the AUT energy concen-
tration, the multi-probe test system
can also be efficient in test time.

The fixed panel antenna position
and the fixed scan surface range
configuration are found to be cru-
cial factors in this test system’s ac-
curacy and repeatability. By adding
the roll positioner in the radome
handling, both EL/AZ and AZ/EL
gimbal systems for the panel an-
tenna can be simulated and tested
for the radome-on AUT patterns. A
coordinate conversion calculation
has been provided.

Furthermore, by using the longer
test distance in the SNF system, the
NF coupling error in both radome-
off and radome-on antenna pattern
tests is negligible. This may allow
further enhancement in test time
by eliminating redundant, time-con-
suming TE pattern tests. B
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Custom Uni-Guide Connectors Service
Dual-Ridged Waveguides

ermetically sealed

electronic  packages

with waveguide inter-

faces can be challeng-
ing to design and costly to produce.
Direct transitions from a microstrip
circuit to a standard waveguide typ-
ically require a sealed dielectric win-
dow embedded in the waveguide
channel. A common alternative with
fewer design and manufacturing
challenges uses a coaxial glass bead
embedded in the package wall. The
outside end of the bead's center
conductor is mated with a coaxial
bulkhead connector, and a separate

A Fig. 1 Uni-Guide waveguide
connector.

76

Alex Chen and Andrew Laundrie

Eravant, Torrance, Calif.

coaxial-to-waveguide adapter s
added to complete the hermetically
sealed waveguide interface.
Eravant's Uni-Guide™  wave-
guide connectors introduce a
combined packaging approach, as
seen in Figure 1. Several standard
models provide full waveguide
band coverage, with rectangular
waveguide sizes ranging from WR-
42 (18 to 26.5 GHz) through WR-
10 (75 to 110 GHz). By sharing the
same electrical and mechanical in-
terfaces used by standard coaxial

connectors, Uni-Guide connectors
enable more direct transitions from
microstrip circuits to waveguide
ports, while taking advantage of
the relative simplicity and low cost
of a glass bead embedded in the
electronic package. Depending on
the Uni-Guide model, the angular
orientation of the waveguide inter-
face can be rotated in increments
of either 45 or 90 degrees. Field-
replaceable and field-configurable
Uni-Guide connectors can reduce
the costs and delays associated with

Standard Uni-Guide Design Concept and

component design
production.

Mode Transistion

They also provide
a means of repair-
ing and maintain-
ing equipment that

Hermetic
Enclosure J

Rectangular
Waveguide

Impedance Transformer

requires  frequent
waveguide  con-
nections. Common
applications in-
clude antenna test
ranges, portable
test equipment

and production

A Fig. 2 Design concept of waveguide and coax connector

interface.

test stations. Many
common wave-

mmWave Technology ®m AUGUST 2025
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Custom Uni-Guide Design Concept

in the waveguide
connector match
those of a standard

Choke Ring

Hermetic
Enclosure

coaxial connector,
making Uni-Guide
waveguide  con-
nectors fully inter-

Dual Ridged | changeable  with
Rectangular | ; ’
Waveguide industry-standard

coaxial connectors.
By avoiding a pair
of mated coaxial
connectors in the

A Fig. 3 Removal of back-short usually included in design.

A Fig. 4 Split block connector design.

guide components such as ampli-
fiers, mixers, frequency multipliers
and noise sources, can also benefit
from the versatility and effective-
ness of Uni-Guide connectors.

The design concept behind
Uni-Guide connectors is a wave-
guide interface that matches that
of a standard coaxial connector, as
demonstrated in Figure 2. The pin
protruding from a coaxial glass seal
passes through a small hole in the
waveguide connector and termi-
nates inside a receptacle embedded
in the mode transition section of the
connector assembly. An impedance
transformer bridges the span be-
tween the mode transition and the
waveguide flange. Hole patterns

78

signal path, Uni-
Guide connectors
achieve lower in-

sertion loss and improved imped-
ance matching when compared to
other realizations.

Standard Uni-Guide waveguide
connectors include model SUF-
1009-280-S1, spanning 75 to 100
GHz with a WR-10 waveguide
flange. Its coaxial port is compatible
with 1 mm flanged connectors that
accept a pin diameter of 9 mils and
mounting holes separated by 0.28
in. Other Uni-Guide connectors with
the same 1 mm coaxial interface use
WR-12 and WR-15 flanges. Addi-
tionally, Eravant offers models that
interface to waveguide sizes WR-
19, WR-22 and WR-28, covering
full waveguide bands from 24 to 60
GHz. These models are compatible
with 1.85 mm flanged coaxial con-
nectors that accept a pin diameter
of 12 mils and have mounting holes
spaced 0.48 in. apart.

Additional Uni-Guide models in-
clude one that operates from 18 to
28 GHz using a WR-42 waveguide
interface, and another that covers 22
to 33 GHz through a WR-34 flange.
Both models accept a pin diameter
of 12 mils and require mounting
holes spaced 0.750 in. apart on ei-
ther side of the glass bead. To ac-
commodate standard coaxial con-
nector types, an additional pair of
mounting holes may be added to
the component package to make
these waveguide connectors fully
interchangeable with commonly
available coaxial connectors.

CUSTOM DESIGN EXAMPLES

A customer who recognized the
benefits of field-replaceable and
field-configurable waveguide ports
presented a set of unique require-

)))

SPEClALOCUS |
| “mm\Waves

ments. Their needs were not fully
addressed by any standard Uni-
Guide connector. In particular, the
customer required a WRD-180 du-
al-ridged waveguide interface that
covers 18 to 40 GHz with a maxi-
mum insertion loss of 0.25 dB and
a minimum return loss of 15 dB.
For comparison, the standard Uni-
Guide connector model SUF-2812-
480-S1 provides an insertion loss of
0.3 dB and a return loss of 20 dB
from 24 to 44 GHz.

Eravant engineers were confident
they could modify the mode transi-
tion and impedance transformer
of a standard Uni-Guide connector
to achieve the wider bandwidth of
a WRD-180 waveguide interface.
However, the customer also pre-
sented an existing, non-standard
coaxial interface that could not be
modified. The greatest challenge
was a glass seal with a center pin
that was shorter than what a stan-
dard Uni-Guide connector requires.
The shorter pin forced the removal
of the back-short typically included
with a standard connector design,
as seen in Figure 3. Because a back-
short is essential for impedance
matching and mode conversion,
the component package’s outer
surface would have to serve as the
back-short in the new design. The
proposed arrangement increased
the risk of signal leakage and spu-
rious resonances caused by small
gaps between the package and the
waveguide connector. As a result, a
choke ring was included in the pro-
posed design to reduce signal leak-
age and suppress resonances.

To demonstrate feasibility and
optimize the dimensions of the
mode converter and impedance
transformer, electromagnetic simu-
lations were performed using CST
Studio. The optimized design pre-
dicted a minimum return loss of 20
dB from 18 to 40 GHz. The base
material selected for the custom
connector is 6061-T651 aluminum,
with silver plating to minimize loss-
es. Designed to accept pin lengths
from 0.044 to 0.060 in., a pressed-
in receptacle was fabricated from
beryllium copper and plated with a
hard gold alloy. The custom design
uses a split block construction ap-
proach to accommodate the greater

mmWave Technology ®m AUGUST 2025
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complexity of the design. The split block also enables
the use of economical fabrication methods while sup-
porting a straightforward assembly process, as seen in
Figure 4.

CONNECTOR TESTING

Measurements of the connector’s insertion loss and
return loss faced the same challenges presented by any
adapter that couples one connector type to another.
Usually, two identical adapters are connected back-
to-back and measured as a combined assembly. The
performance of one adapter is determined from mea-
surements of the combined adapters. This approach
is commonly used to test coaxial adapters, coaxial to
waveguide transitions and waveguide mode convert-
ers.

Two of the custom WRD-180 connectors were con-
nected at their waveguide ports, with their combined
electrical response measured at their coaxial ports. Due
to their lack of an integrated back-short, the waveguide
connectors could not accept a standard coaxial con-
nector at their coaxial ports. A pair of cylindrical test
fixture pieces was fabricated, with the ends of each
piece accommodating either a 2.92 mm coaxial con-
nector or the coaxial interface of a WRD-180 waveguide
connector, as seen in Figure 5. A hole passing through
each fixture piece provided a coaxial transmission path
between the custom waveguide connector and the co-
axial connector. A Teflon sleeve served as a dielectric in-
sulator for the connecting coaxial line. The insertion loss
of each center piece was estimated as approximately
0.2 dB. The insertion loss of the two coaxial connectors
was measured separately.

The waveguide connectors were clamped together
during back-to-back measurements to determine their
combined insertion loss and return loss. Insertion loss
for a single connector was estimated to be one-half of
the measured attenuation. This approximation assumes

Attenuators
Terminations

2.92 mm (K) Coax Connector

A Fig. 5 Test fixture for Uni-Guide connectors.

SUF-18021-560-C1-QO “Waveguide to Coax” Adapter Assembly,
Measured Insertion Loss, Single Unit, Post-Processed to Remove Coax
Connector Insertion Loss

-0.4
-0.8
-1.2
-1.6

20 L L L L L L L L L L
18 20 22 24 26 28 30 32 34 36 38 40

Frequency (GHz)

A Fig. 6 Insertion loss of a single waveguide connector.
that mismatch effects have a negligible impact on over-

all insertion loss. The attenuation of the fixture center
pieces and the 2.92 mm coaxial connectors were sub-
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SUF-18021-560-C1-QO “Waveguide to Coax” Adapter Assembly,
Measured Insertion Loss, Single Unit

Return Loss (dB)

_40 ] ] ] ] ] ] ] ] ]
18 20 22 24 26 28 30 32 34 36 38 40

Frequency (GHz)

A Fig. 7 The estimated return loss of a single waveguide
connector.

tracted from the measured insertion loss to yield the in-
sertion loss of a single waveguide connector, as shown
in Figure 6.

The return loss of the combined assembly was also
measured. Noting that mismatch effects are additive for
low loss pairs of identical components connected back-
to-back, the estimated return loss of a single waveguide
connector was estimated as the return loss of the com-
bined connectors, offset by 4 dB to compensate for the
additive effects of cascaded components, as demon-
strated in Figure 7.

Overall, the first iteration of the custom design nearly
meets all requirements presented by the customer. Elec-
tromagnetic simulations predicted that the custom con-
nectors would handle at least 200 W. Although the mea-
sured insertion loss of 0.4 dB (average) exceeded the de-
sired goal of 0.25 dB, return loss met or exceeded the
goal of 15 dB. The connectors thus demonstrated the fea-
sibility and practicality of expanding the Uni-Guide prod-
uct family to include dual-ridged waveguide interfaces.

Based on the success of the WRD-180 design,
another Uni-Guide waveguide connector was devel-
oped for the same customer to cover frequencies
from 6 to 18 GHz using a WRD-650 waveguide inter-
face. This custom design was not required to mate
with an unusually short center pin, to allow the use
of an integrated back-short similar to those used in
standard Uni-Guide connectors. The WRD-650 Uni-
Guide connector accepts a standard 36-mil pin and
supports power levels up to 400 W. Maximum inser-
tion loss is 0.3 dB and minimum return loss is 15 dB
from 6.5 to 18 GHz.

By using Uni-Guide waveguide connectors, com-
ponent manufacturers can offer a wide range of wave-
guide sizes and orientations using a reduced number
of package designs. As drop-in replacements for exist-
ing industry-standard coaxial connectors, they are field-
replaceable and field-configurable. When customers
require a specific waveguide size and orientation on
an electronic component, Uni-Guide waveguide con-
nectors reduce or eliminate the need for non-recurring
engineering and its associated dual costs and delays.
Custom designs utilizing dual-ridge rectangular wave-
guides have been developed, with more designs and
new applications on the horizon.

Eravant applies design modifications to standard
components and develops integrated assemblies for
specific applications. They typically have turnaround
times from two days to eight weeks for complex assem-
blies. Custom solutions are based on a design library
of over 5,000 components. Using mature designs as a
foundation not only reduces uncertainty but also ensures
that design reviews are completed faster and hardware
is manufactured sooner. Eravant works closely with cus-
tomers through an interactive development process that
makes prototypes more compact, robust and affordable
with each new revision. B
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Q- and V-Bands for Next-Gen
Communications

n today’s world, communica-

tion must be instant and reli-

able, regardless of location.

Operating from 37 to 52 GHz,
Q- and V-Bands open the door to
significantly larger data pipelines;
however, reaching these higher
frequencies presents a new set of
technical challenges. While many
feeder links in the satellite commu-
nications (satcom) market today op-
erate at Ka-Band, the push toward
Q- and V-Bands is gaining momen-
tum. This shift is being driven by the
ever-growing need to move larger
volumes of data, especially in sat-
com and Earth observation.

The Q- and V-Bands open far
more spectrum, with bigger and
more continuous bandwidths than
Ka-Band, enabling higher data
rates and more efficient transmis-
sion between satellites and ground
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Tudor Williams
Filtronic, Sedgefield, U.K.

stations. However, moving to higher
frequencies presents challenges.
For example, design becomes sig-
nificantly more complex, and today,
few commercial products operate
effectively at 50 GHz and above.
High-power systems are particu-
larly challenging and typically rely
on traveling-wave tube amplifiers
(TWTAs). Although TWTAs are ef-
fective, they are expensive, com-
plex to manufacture and have a lim-
ited lifetime.

This is where solid-state alterna-
tives come into play, thanks to ad-
vances in semiconductor processes.
The shift from GaAs to GaN, the
industry migration to shorter wave-
lengths and the combination of
low loss and waveguide combining
make solid-state amplifiers a rival to
TWTASs. In addition to similar perfor-
mance, solid-state amplifiers offer

advantages in cost, scalability, pro-
duction speed and lifetime.

The Q- and V-Bands are also at-
tractive due to the structure of the
available spectrum. The Q- and
V-Bands complement each other,
and using both together maximizes
spectral efficiency and ensures op-
erators benefit from the available

bandwidth.

ARTES PROGRAM AND
SATELLITE NETWORKS

A new development in satcom
is the ARTES program, a European
Space Agency (ESA)-backed initia-
tive designed to push the envelope
in satcom technology. Filtronic re-
cently secured a contract with ESA
to develop RF solutions for next-
generation satellite networks at
Q- and V-Bands, as well as K- and
Ka-Bands.
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As part of ESA's ARTES 4.0 pro-
gram, Filtronic will design high-pow-
er RF solutions for next-gen satellite
networks. The networks focus on
cost-effective feeder links for ‘new
space’ satellite payloads to enable
high-throughput ~ communications
and efficient transmission. The sat-
ellite uses Q-Band for transmitting
and V-Band for receiving, accessing
a large bandwidth for higher data
rates. This approach is key to en-
hancing broadband communication
for satellite constellations, which are
increasingly relied upon to meet the
growing demand for data.

One key aspect of this project is
its adaptability. While it is focused
on LEO applications, the technol-
ogy being developed can be adapt-
ed for use in medium Earth orbit
(MEQO) and geostationary Earth or-
bit (GEO) satellites. This flexibility
can support a range of applications
from commercial satellite networks
to military communications, making
it a resource for both civilian and de-
fence sectors.

A persistent challenge in the in-
dustry is the volume of data these
networks need to handle. While the
K- and Ka-Band systems are cur-
rently sufficient, they are increasing-
ly strained as data demands grow.
With recent developments in higher
frequency solutions, such as Q- and
V-Bands, the work being done in
this program is laying the ground-
work for advancements.

The project’s goal is to create a
flexible, high performance system
that can operate across different
orbits. By blending LEO, MEO and
GEO satellite networks, it is pos-
sible to create a more resilient and
efficient communication system that
can better handle the increasing
data load. Additionally, the poten-
tial defence applications expand
the importance of the program. As
the demand for secure and reliable
space-based communications rises,
technologies that can adapt to both
commercial and military needs are
becoming more valuable.

This program is setting the stage
for future satcom systems that will
meet the growing data demands
of today’s connected world. It is an
exciting time for space communica-
tions, and this initiative is a step for-
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ward in making commercially viable,
robust satellite networks a reality.

SECURE BATTLEFIELD
COMMUNICATIONS

Unlike lower frequencies, which
tend to spread signals over a broad-
er area, the narrower beam widths
produced at higher frequencies
are harder to intercept or jam. This
makes mmWave frequencies like Q-
and V-Bands particularly attractive
for secure battlefield communica-
tions.

Although tactical communica-
tions using mmWave are still emerg-
ing, their potential for secure, high
data rate transmissions is undeni-
able. With growing interest in using
Q- and V-Band frequencies for mili-
tary satcoms, a clear trend is emerg-
ing toward higher frequency solu-
tions to enhance secure communi-
cations in both tactical and strategic
settings. Additionally, they are more
resistant to jamming, as the power
required would exceed that of con-
ventional systems.

The advances in semiconductor
technology, particularly with GaN,
have enabled improvements in the
power density of devices operating
at high frequencies. This has en-
abled Filtronic to push the bound-
aries of power output, providing
solid-state solutions capable of sup-
porting high-power applications,
such as those required in defence
communications.

mmWave technology is also mak-
ing an impact in missile systems,
particularly with mmWave seekers.
These systems utilize high frequen-
cy signals to achieve superior spatial
resolution, thereby enhancing the
accuracy of target detection and
tracking while maintaining the same
level of protection from jamming
in contested and congested envi-
ronments. In the U.K., the defence
sector is exploring high frequency
solutions, displaying the military
and government sectors’ increas-
ing focus on next-gen systems to
enhance secure communications.
By combining GEO, MEO and LEO
satellite systems with Q- and V-
Band frequencies, these advance-
ments will increase the security and
resiliency of communications.

A
CHALLENGES AT Q- AND
V-BANDS

High frequency systems bring
many benefits but introduce ther-
mal management challenges. As
operating frequencies rise, device
efficiency typically declines. While
lower frequency devices may reach
efficiencies of 40 to 50 percent, sys-
tems in V-Band often see efficien-
cies drop to just 10 to 20 percent.
This means much of the input en-
ergy is converted into heat, creating
a significant engineering challenge,
especially in compact satellite and
defence systems where space and
weight are limited.

Historically, GaAs devices at
these frequencies offered mod-
est output power, helping mitigate
thermal issues. However, with ad-
vances in semiconductor technol-
ogy and a move to GaN, power
output has increased significantly.
Filtronic, for example, has increased
power output by 4x to 5x within the
same footprint compared to earlier
designs. While this boost is essential
to overcome atmospheric attenua-
tion at Q- and V-Band frequencies,
it damages the manageability of the
thermal load.

Addressing these challenges
requires a holistic approach. High
performance thermal interface ma-
terials, die attach solutions and heat
spreaders are all crucial for optimis-
ing heat extraction while maintain-
ing mechanical reliability. Addition-
ally, system-level design plays a key
role. Combining multiple smaller
devices into a module can evenly
distribute heat and improve over-
all  thermal stability. Continuous
improvements in thermal manage-
ment — from advanced materials
to precision assembly techniques
— will be key in enabling the reli-
able operation of high frequency,
high-power systems in space and
defence applications.

Scaling up production introduces
a layer of complexity. Scaling from
prototype to high volume manufac-
turing presents significant challeng-
es since high frequency mmWave
devices require precision at every
step. Tiny imperfections in materi-
als or interconnects can have a sub-
stantial impact on RF performance.
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Because of this, manufacturing
techniques must be precise and re-
quire advanced processes that can
handle the tight tolerances neces-
sary for these high frequency appli-
cations. Additionally, supply chain
security is a risk. Currently, many
high-reliability packaging facilities
are offshore, which raises security
concerns, especially regarding criti-
cal applications in defence and in-
frastructure.

PROMISES AND CHALLENGES
OF GAN

GaN is gaining traction in high-
power and high frequency applica-
tions. With its properties such as a
high breakdown voltage, excellent
electron mobility and superior ther-
mal conductivity, it is proving to be
a disruptor in industries such as sat-
coms, radar and defence systems.
Unlike materials such as silicon or
GaAs, GaN enables more efficient
and higher-power output, which
opens up new possibilities for next-
gen technologies.

However, as with most break-
throughs, these advantages come
with challenges. One of the biggest
hurdles, similar to Q- and V-Band
challenges, is thermal management.
GaN devices, especially those oper-
ating at mmWave frequencies, gen-
erate intense power densities. GaN
devices tend to generate high heat
densities with hot spots around tran-
sistor gates, creating a significant
heat dissipation problem. Manag-
ing that heat is crucial for maintain-
ing peak performance and extend-
ing the lifespan of devices.

The challenges are applicable in
defence and space as well. These
systems are designed to endure
extreme conditions, from wide tem-
perature fluctuations to exposure to
radiation and mechanical stress. As
a result, GaN packaging must do
more than protect the device — it
must keep things running smoothly
in harsh environments. The packag-
ing must ensure that thermal sta-
bility and signal integrity are main-
tained, even in harsh conditions
such as the vacuum of space or on
the battlefield.

Lastly, the heat generated by
GaN demands a packaging solution
that strikes the right balance. The
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This program is
setting the stage
for future satcom
systems that will
meet the growing
data demands of
today’s connected
world.

materials used must withstand the
intense thermal load while also ac-
counting for the differences in ther-
mal expansion between the device
and traditional packaging materials.
Without striking this balance, the
device could face mechanical stress,
cracking or delamination during
thermal cycling, therefore disrupt-
ing its performance.

MATERIALS AND TECHNIQUES
FOR HIGH FREQUENCY

To tackle the challenges of high
frequency systems, the industry is
exploring advanced materials and
techniques. Technologists are test-
ing sintered silver, particularly in die
attach methods. This material offers
high conductivity, void-free bonds
that effectively draw heat away from
the device, ensuring better perfor-
mance while maintaining mechani-
cal robustness. Sintered silver is
especially appealing for industries
such as aerospace, defence and sat-
coms, where high-reliability perfor-
mance is crucial, particularly under
extreme conditions like high tem-
peratures and mechanical stress. It
also has advantages in high volume
production environments. For mis-
sion-critical applications, eutectic
gold-tin (AuSn) bonding is the pre-
ferred choice. Its ability to handle
rapid thermal cycling and vacuum
environments makes it a reliable
material for systems where stability
and reliability are non-negotiable.

- SPECIALFOCUS
0 mmWaves

Additionally, substrate materials
have a high impact on performance.
For example, copper-tungsten
(CuW) and copper-molybdenum
(CuMo) are great choices because
they offer a thermal expansion
match to GaN and provide high
thermal conductivity. This helps re-
duce stress at the interface and pro-
longs device life. Meanwhile, dia-
mond heat spreaders can be used
alone or combined with innovative
cooling techniques, such as liquid
cooling. Another popular choice is
aluminium nitride (AIN), which bal-
ances thermal performance, electri-
cal insulation and manufacturability
— increasingly crucial as systems
become more compact and power-
dense.

The techniques used for packag-
ing are also evolving to meet the de-
mands of high frequency systems.
Traditional wire bonding remains
reliable; however, it can introduce
inductance and loss, which limits
bandwidth and efficiency. These
limits are especially detrimental at
mmWave frequencies. As a result,
newer methods such as flip-chip
mounting, embedded passive struc-
tures and 3D packaging are gaining
traction. These approaches reduce
interconnect lengths, minimise
parasitic losses and optimise ther-
mal paths, making modules more
compact, lightweight and efficient.
With the communication demands
of today’s world, industries such as
satcoms and defence are pushing
further into the high frequency Q-
and V-Band ranges.

As industries pursue these high-
er frequencies, challenges around
thermal management, packaging
and device reliability are becom-
ing more pronounced. Yet Q- and
V-Bands also open the door to ad-
vancements, with the potential to
expand data capacity and spec-
trum, improving global connectivity
and secure communications.

Pushing into these higher fre-
quencies will continue to chal-
lenge the industry, especially from
a design perspective. However, the
progress underway today is laying
the foundation for the next genera-
tion of high performance, resilient
satellite networks, thanks to more
data bandwidth capacity. B
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everaging the Potential of 5G mmWaves

Rajesh Kumar Manish
MarketsandMarkets, Pune, India

mWave, com-

monly called ex-

tremely high fre-

quency or very
high frequency, is the band of spec-
trum between 30 and 300 GHz.
Their wavelengths range from 1 to
10 mm. Previously, mmWaves were
mainly used in military and satel-
lite communication applications;
however, this technology has been
gaining traction in mobile and tele-
com applications, including 5G. In
the context of wireless communica-
tion, mmWave generally refers to
bands of the spectrum centered at
38 GHz, 60 GHz and 94 GHz. Ac-
cording to MarketsandMarkets, and
as shown in Figure 1, the mmWave
technology market is expected to
grow at a CAGR of 20.1 percent
between 2024 and 2029, driven by
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The Market Growth in
Asia Pacific is Expected to
be Driven by Government
Initiatives, Funding in R&D
and Extensive Industrial
Base, Which are the Major
Factors that Make Asia
Pacific a Dynamic Region
for mmWave Technology,
with China and South
Korea Being the Major
Contributors to the
Regional Market Growth.
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20.1%

from 2024 to 2029.

The Increasing Use of mmWave
Technology in Mobile &
Telecommunication,

Consumer & Commercial,
Aerospace & Defense and
Automotive Sectors are

Driving the Market Growth.

By End Use, the Market for
Mobile & Telecommunication
is Expected to Grow at
Higher CAGR During the
Forecast Period.

&

The mmWave Technology Market is Projected to
Reach USD 7,596.0 Million by 2029, at a CAGR of 20.1%,

Leading Countries, such as
the U.S., China and Japan, as
well as Emerging Economies,
Including India and Other
Asian Countries, are Expected
to be the Major Markets

for mmWave Technology
During the Forecast Period.

The Significant Presence of
Major Players in the Region,
the High Adoption of mmWave|
Various End-Use Segments,
and Strong Support of the
Goverment to Encourage 5G
Ecosystem are the Factors
Boosting the Growth of
mmWave Technology in

North America.

A Fig. 1 Overview of mmWave technology growth.
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increasing mobile data traffic, grow-
ing demand for bandwidth-inten-
sive applications and high adoption
in small cell backhaul networks. Mo-
bile and telecommunication is one
of the most significant end-use seg-
ments for mmWave technology, as
mmWaves are widely used in small
cell backhaul networks to ensure fast
connectivity. Thus, mmWave back-
haul equipment is an integral part of
the deployment of 5G, which is ex-
pected to create avenues for future
growth. In addition, the aggregate
data rates supported by the upcom-
ing 5G technology are expected
to be 1000x and 100x more than
those of the existing 3G and 4G
data rates, respectively. Thus, there
would be a growing need for the
mmWave spectrum to provide an
increased data rate and enhanced
quality of the received signal.

INCREASING USE OF MMWAVE
TECHNOLOGY IN VARIOUS
INDUSTRIES

mmWave is a preferred technol-
ogy across various industries. The
mmWave technology market has
experienced  significant  growth
over the past decade. Currently,
mmWave finds use in mobile and
telecom, consumer and commer-
cial, aerospace and defense, im-
aging, commercial and industrial
segments, with many additional po-

tential applications. The mmWave
ecosystem  comprises  product
manufacturers, component manu-
facturers, network infrastructure
designers and network operators,
as shown in Figure 2. mmWave
products are emerging in the mi-
crowave provider market; however,
they differ from other RF products
in terms of their end uses and func-
tionalities. Moreover, the integra-
tion of mmWave products with 5G
connectivity makes them suitable
for a wide range of applications.
The component and product manu-
facturers use technologies offered
by mmWave solution providers to
develop comprehensive solutions.
These solutions are then distributed
and supplied by either distributor
channels or specialized digital prod-
uct suppliers through online and
offline marketing channels.

KEY PARTICIPANTS IN
MMWAVE MARKET

mmWave bands meet the high-
capacity needs of 5G enhanced
mobile broadband. They provide
a high-capacity wireless backhaul
solution, which can benefit the rap-
idly growing number of cell sites,
particularly in densely populated
urban areas. mmWave technology
is becoming increasingly prevalent
in wireless backhaul networks due
to the growing demand for high
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A Fig. 2 mmWave technology market participants.
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“The mmWave
technology market
is expected to
grow at a CAGR
of 20.1 percent
between 2024 and
2029. "

speed internet and 5G networks.
This translates to faster data trans-
fer rates between base stations and
the core network, which is crucial for
supporting the massive data traffic
generated by applications like 5G,
virtual reality and loT.

With the increase in conges-
tion levels of global data traffic, the
need for mmWave technologies in
mobile networks is expected to rise
significantly, particularly in macro-
cell and microcell backhaul. In the
past three to four years, LTE rollouts
have increased worldwide. In turn,
mmWave technology increased
rapidly because LTE networks are
denser than 2G and 3G networks. E-
Bands and V-Bands are widely used
for mmWave backhaul solutions,
as they can provide a high band-
width through a single channel, with
the capability to secure about 400
Mbps transmission for a single 250
MHz channel. With the availability
of equipment that supports high
bandwidth, wireless networks will
face increasingly heavy congestion
over the next five years. This will
drive the shift from the existing 3G
and 4G technologies to 5G. As pre-
viously mentioned, the aggregate
data rates supported by 5G tech-
nology are expected to be 1000x
and 100x faster than the existing 3G
and 4G data rates, respectively.

According to the Ericsson Mo-
bility Report 2023, during the
last quarter of 2023, there was a
significant increase in the num-
ber of 5G subscribers, with more
5G devices becoming available.
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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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More than 50 service providers
worldwide announced commer-
cial 5G service launches. A sig-
nificant upsurge in 5G subscrip-
tions has been witnessed in South
Korea, where all service providers
launched commercial 5G services
in April 2022. 5G network deploy-
ments increased globally in 2023,
laying the foundation for the mas-
sive adoption of 5G subscrip-
tions. Over the next five years, the
adoption of 5G subscriptions is
expected to be significantly faster
than that of LTE. A key factor in
this is China’s early involvement in
5G. This early adoption is in con-
trast with LTE, where the country
was not one of the early markets
to launch, although devices were
available earlier. China is expected
to hold a significant share in the
5G loT market in Asia Pacific due
to the high investments in network
infrastructure and the presence of
major telecom players. The rise in
industrial automation is expected
to accelerate the deployment of
5G networks in China, as it will
provide single wireless access to
large industrial facilities instead of
using different short-range wire-
less standards, thereby minimizing
signal interferences caused by ob-
stacles. The rise in implementation
of 5G networks for various appli-
cations, including manufacturing,
would create a significant oppor-
tunity for mmWave technology to
develop 5G infrastructure.

Al AND ML ADVANCEMENTS
Artificial intelligence (Al) and ma-
chine learning (ML) are two emerg-
ing trends in the technology indus-
try that continue to impact various
sectors. The demand for high data
rate communication and the scar-
city of available spectrum in exist-
ing microwave bands have been the
catalysts for the introduction of 5G.
To fulfill these demands, mmWaves
with large bandwidths have been
proposed to enhance the efficiency
and stability of the 5G network. In
mmWave communication, the con-
centration of the transmission signal
from the antenna is conducted by
beamforming and beam tracking.
Al and ML can be used to op-
timize mmWave network perfor-

SPCIALFOCUS |
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mance by analyzing real-time data
on traffic patterns, signal strength
and interference. This allows for
dynamic adjustments to beam-
forming, resource allocation and
network management, maximizing
efficiency and user experience. In
5G mmWave, the process of initial
beam selection, i.e. finding an ap-
propriate beam pair between trans-
mitter and receiver, is time-consum-
ing. Al and ML can play a significant
role in reducing the beam selection
time during initial access.

THZ WAVES

With 5@ efforts ongoing, in 2019,
the Federal Communications Com-
mission (FCC) opened the gates to
a potential 6G future by allowing
companies to begin experimenting
with terahertz (THz) and submillime-
ter waves. These are radio bands
that fall in the spectrum of 95 GHz
to 3 THz.

THz waves have higher frequen-
cies than mmWaves, addressing
network congestion and bandwidth
limitations. Advanced versions of
5G rely on mmWave bands to car-
ry vast amounts of data at ultrafast
speeds with minimal response time,
making it possible to achieve mile-
stones such as autonomous cars
and remote surgeries. mm\Waves
work only over short distances, re-
quiring a line of sight between the
transmitter and the user, and THz
waves have an even weaker range.
However, if THz waves can be har-
nessed with innovative networking
approaches, they may unlock more
capacity for applications over a 6G
wireless network.

While mmWaves boast advan-
tages over other radio frequencies,
they also have disadvantages. For
example, mmWaves are not capa-
ble of bouncing off physical objects.
Obstacles such as tree branches and
walls can interfere with and absorb
the transmission or halt the signal.
In addition, mmWave technology
is often more expensive than other
commonly used frequencies. This
makes the technology difficult for
smaller companies to access. Cur-
rently, mobile network providers are
focused on building mmWave ready
5G infrastructure. This includes set-
ting up micro base stations in open
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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.

VDI's VNA Extenders provide high perfor-
mance frequency extension of vector net-
work analyzers from 26GHz to 1.5THz. These

modules combine high test port power with  waveguide Band WR28 WRIS WRIS WRI2 WRI0O WR8 WR6S5 WRS.] WR43 WR34 WR28 WR22 WRLS5 WRLO
exceptional dynamic range and unmatched (GHz) 26-40 40-60 S50-75 60-90 75110 90140 110-170 140-220 170-260 220-330 260-400 330-500 500-750 750-1,100
stability. Dynamic Range

(BW=10Hz, dB, typ) 120 120 120 120 120 120 120 120 115 115 100 110 100 as

VDI's mini-modules are reduced in size, but (BW=10Hz dB, min) 110 105 10 110 10 110 110 110 110 105 0 100 80 75

yield the same industry leading performance pagngude Stabiity

as our original designs. The compact form (:dB) 015 015 0.10 0.10 0.10 0.15 025 025 03 03 05 05 0.4 05
factor and simplified pov«-/er supply make tk.\em Phass S
the recommended solution for most applica- (.geq) 2 2 15 15 15 2 4 4 4 [ [ 6 4 6
tions.

Test Port Power

(dBm) 13 13 13 18 18 16 13 B 4 1 -10 -3 -16 -23

Mini-modules are currently available in stan-
dard waveguide bands for 26GHz to 1.1THz
with higher frequency bands under develop-
ment.

Virginia Diodes, Inc.
979 2nd St. SE, Suite 309
Charlottesville, VA 22902
434.297.3257

vadiodes.com
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land with technology that supports mmWaves and re-
designing the structure of devices that will run using the
5G network.

The limited range of mmWave technology forces
telecom operators to increase the number of tow-
ers and other equipment. This range can also be ex-
panded by increasing the transmitting power. However,
increased transmitting power can result in increased
fuel consumption and radiation. Transmission towers
also consume a significant amount of space, leading
to large-scale deforestation, primarily in rural areas. In
addition, several materials used for mmWave circuits
are toxic, and their prolonged use can be hazardous to
the surrounding environment. These materials include
SiGe, GaAs, InP and GaN.

mmWaves open more spectrum; however, until re-
cently, only a few electronic components could gener-
ate or receive mmWaves. This gap in available electron-
ic components caused the spectrum to remain unused.
Generating and receiving mmWaves is challenging, but
the traveling media is the bigger challenge associated
with these high frequencies. Other challenges include
atmospheric and free-space path loss, as well as poor
foliage penetration. mmWaves are governed by the
same physics that governs the rest of the radio spec-
trum, and as such, they have limitations related to their
wavelength. The shorter the wavelength, the shorter

((

Q).
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the transmission range for a given power. The signal
properties remain constant, regardless of factors such
as antenna gain at the transmitter and receiver ends
or reflection, absorption and diffraction during signal
transmission. mmWaves, sub-mmWaves and THz waves
will continue to have an impact on the telecom and
other industries, starting with 5G growth and moving
towards the introduction of 6G.

GAN TRANSISTORS

GaN high-electron-mobility transistors (HEMTs) are a
viable option for mmWave applications because they
can operate simultaneously at high voltage and high
frequency. GaN HEMTs are used in mmWave power
amplifiers, which require a gate length of less than
150 nm to control short-channel effects. These tran-
sistors offer superior performance at high frequencies
compared to traditional silicon transistors. Advance-
ments in GaN technology are crucial for developing ef-
ficient mmWave power amplifiers, a key component for
mmWave systems.

As 5G expands and 6G gets closer on the hori-
zon, mmWave and THz wave technologies will be-
come an increasing priority for network providers.
This growth will usher in new products, materials
and network designs, enabling faster speeds and
more usable bandwidth. l
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mmWave and Sub-THz Antenna Testing

FEATURES OF AN ANTENNA
TEST SETUP

ntenna test setups
play a critical role in
the design and opti-
ization of wireless
systems. When designing an an-
tenna, the engineer typically starts
by using electromagnetic (EM)
software simulators to optimize the
antenna’s specifications for param-
eters such as gain, efficiency, band-
width, beamwidth and polarization.
Once the antenna is manufactured,
it must be tested over-the-air (OTA)
to validate that the fabricated an-
tenna performance matches its
specifications.

An antenna test setup for OTA
qualification is composed of an an-
echoic chamber, an antenna posi-
tioner and a probe attached to an in-
strument with software recording the
measurements, as shown in Figure 1.

THE BOTTLENECK FOR
MMWAVE ANTENNA TESTING

mmWave technology was tradi-
tionally defined to cover the radio
frequencies from 30 to 300 GHz.
At these mmWave and sub-THz
frequencies, the short wavelengths
have several implications.
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MilliBox
San Jose, Calif.

First, the signal routing from the
MMIC to the antenna with length
> M10 cannot be neglected or
treated as a lumped component.
At lower frequencies, the antenna
can be measured in isolation from
the rest of the RF chain at the port.
However, at mmWave, the MMIC
and antennas cannot be accurately
measured independently, and any
testing will require a radiated OTA
test measurement.

Secondly, to overcome path loss,
phased array antennas are com-
monly used at mmWave frequen-
cies to increase gain and directivity.
These can be fixed passive arrays,
but usually are active beamforming
phased arrays with dynamic phase
shifters to steer the radiating ener-
gy. In the latter case, the antenna is
no longer a simple device, and the
radiation pattern of the antenna ar-
ray cannot be isolated from the rest
of the system.

When large engineering teams
work on such complex wireless sys-
tems, nearly every single design it-
eration can directly impact the gain,
radiation pattern and directivity. If
the team has one traditional cham-
ber to share or go offsite to test, the
design progress grinds to a halt.

SOLVING THE BOTTLENECK AT
MMWAVE AND SUB-THZ

Antenna performance is typically
characterized in the far field. The
far-field distance (d) is the boundary
after which the wave patterns be-
come relatively uniform with fields
that fall off in amplitude by 1/r. The
far-field distance can be calculated
using Equation 1, where D is the di-
ameter of the antenna and A is the
wavelength.

2
d=22 (1)

For example, if engineers have
a 4 x 4 antenna array with anten-
nas spaced N/2 apart, the far-field
boundary can be calculated as d =
9\, since D is the distance between
the farthest elements of the array. At
28 GHz, this yields a far-field bound-
ary of 9.6 cm. In the sub-THz range,
this distance is even shorter.

Consequently, a small benchtop
mmWave chamber on a lab bench
is adequate for most antenna ar-
rays. With multiple team members
having access to their own antenna
test setup, the iterative effort be-
comes easier. Sharing one resource
cannot compete with a multitude of
small team-allocated antenna test

mmWave Technology ®m AUGUST 2025
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A Fig. 1 mmWave and sub-THz antenna
test setup.

benches. This is when getting small,
affordable OTA antenna test setups
for mmWave and sub-THz perfor-
mance is the solution.

COMPACT MMWAVE AND SUB-
THZ ANECHOIC CHAMBERS

Because the wavelength at
mmWave is small, the farfield dis-
tance is generally reduced when
the array size stays small. With this,
the overall dimension of the system
can be adjusted to something 1 to 2
meters in length and remain in the
far field. The compact chambers are
portable, more convenient and low-
er cost than traditional microwave
chambers.

The isolation strategy also
changes when considering require-
ments for higher frequencies, such
as mmWave and sub-THz. Lower
frequencies have a longer range
and penetrate obstacles more eas-
ily, causing interference. In contrast,
for mmWave and sub-THz frequen-
cies, outside interference is minimal.
For one, the propagation at those
frequencies is low. In addition, the
spectrum is very wide, lowering the
chance of accidental interference.
Furthermore, because higher fre-
quencies need a higher gain direc-
tional antenna to propagate further,
the chance for internal stray reflec-
tion increases significantly. In other
words, in microwave frequencies,
the chance for outside interference
is high and internal reflection is low,
whereas in mmWave and sub-THz
frequencies, the opposite is true —
the chance of outside interference
is low, but internal stray reflection
is much higher. Therefore, MilliBox
uses non-metal enclosures since
they reduce internal reflections and
introduce a minimal risk of outside
interference.
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A Fig. 2 Radiation pattern from a 28
GHz 8 x 8 phased array system.

AUTOMATED POSITIONER
FOR RADIATION PATTERN
MEASUREMENTS

When the antenna under test is
placed on a positioner, the transmit-
ted power can be measured from
a distant point where a probe or a
feed horn is placed. As the antenna
is rotated, additional points are cap-
tured, creating a clear graph of the
power level at different angles, con-
stituting a radiation pattern.

Radiation patterns verify that the
antenna is propagating its power in
the desired direction. Elaborate an-
tennas, such as horns and phased
arrays, are directional and intended
to transmit power in a specific di-
rection. A 3D positioner becomes
indispensable for these measure-
ments.

3D antenna positioners have two
or more rotation axes with motors
controlled by software. This controls
the antenna position on one side
and connects to an instrument on the
other end, allowing it to plot a 3D im-
age of the radiation pattern directly.
A typical 3D radiation pattern from a
phased array is shown in Figure 2.

CHARACTERISTICS OF
AN MMWAVE ANTENNA
POSITIONER

Generally, a positioner is defined
by its size and weight capacity, its
number of rotation axes and its an-
gular resolution. Figure 3 shows a
MilliBox 3-axis antenna positioner.
MilliBox aims to reduce the risk of
stray reflection, so they manufacture
the body of the positioner with non-
metal materials. Positioner bodies

A Fig. 3 mmWave 3-axis antenna
positioner.

can be made of organic material,
such as plastic or foam, or covered
in absorbing material.

Capturing OTA data can be
done in many ways; therefore, the
flexibility of having the positioner’s
controller in source code is a great
advantage. Python, a free and well-
known program, is the first choice to
control the positioners. Additionally,
having the data capture output in a
portable format, such as CSV, helps
broaden the choice of data visual-
ization tools.

Wiring and signal routing are
often afterthoughts that can have
disastrous consequences. Having
all rotation axes hollowed such that
the cables can be routed through
reduces cable length and torsion
stress on those cables. For instance,
low-profile cable assemblies are
compatible with automated 3D an-
tenna positioners, and when wave-
guide is the only practical device
under test connectivity, embedding
frequency extenders into the 3D po-
sitioners is a solution.

OPTIMIZED ANTENNA TEST
SOLUTIONS

The needs for antenna test solu-
tions at mmWave frequencies and
beyond differ from those of lower
frequency microwave testing, and
having multiple test setups avail-
able to design engineers increases
throughput and efficiency. MilliBox of-
fers a line of anechoic chambers and
antenna positioners that cater to the
specific requirements of the mmWave
and sub-THz wireless markets. B
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ext-generation
broadband satel-
lite systems require
exceptionally  linear
and high-power RF links to support
"anywhere, anytime” connectivity.
mmTron’s TMC215 MMIC power am-
plifier (PA) extends the linear power
benchmarks for Ka-Band satcom.
Covering 27 to 31 GHz, the TMC215
delivers 45 W of output power at 1
dB compression (P1dB) with 34 per-
cent power-added efficiency (PAE).
In linear operation, the PA

achieves —32 dBc spectral regrowth
at 25 W output and a 21 dBc noise
power ratio (NPR) at 22 W. With a
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PA MMIC Extends the
Reach of Ka-Band Satcom

5G NR signal, the error vector mag-
nitude (EVM) remains below 3 per-
cent up to an output power of 10 W,
and the adjacent channel leakage
ratio (ACLR) exceeds —40 dBc. The
three-stage architecture provides
23 dB linear gain.

The TMC215 is typically biased at
28 V drain voltage and 3 A current
draw. To support flexible system inte-
gration, the drain bias can be reduced
to 18V, enabling power scaling while
maintaining linearity and PAE.

Built using space-qualified GaN-
on-SiC technology, the TMC215
was engineered for demanding en-
vironments. The transistor layout,
matching networks and backside
metallization were optimized for
high reliability. When assembled
according to mmTron’s guidelines,

the mean time to failure (MTTF) ex-
ceeds 107 hours at a junction tem-
perature below 210°C.

The amplifier is available as bare
die (4.9 x 4.0 x 0.1 mm), die-on-tab
(CuMoCu, CuW or Ag-Diamond)
with bypass capacitors or in a flange
package. An evaluation module is
also available for prototyping and
testing.

The TMC215 is just one of
mmTron’s high-linearity, high-power
MMICs that cover frequency bands
between 22 and 42 GHz. Data-
sheets are available at mmtron.
com/products/.

mmTron, Inc.
Redwood City, Calif.
www.mmtron.com
contact@mmtron.com
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OTA Your Way: Modular Chambers and
VNAs/Software

This presentation covers how the product line from Copper Mountain Technologies and MilliBox combine seamlessly
in a compact, modular, and affordable mmWave antenna test setup. The VNA is controlled from a PC where the
MilliBox controller resides, giving a one screen view of all aspects of this Over-The-Air measurement setup. Learn
about the OTA test systems and ask your questions about device measurements and system performance with
experts from the companies available online in this interactive session.

Pat Hindle, Media Director, Microwave Journal®
Jeanmarc Laurent, Vice President, MilliBox
Brian Walker, Senior RF Design Engineer, SME, Copper Mountain Technologies

Sponsored By
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COPPER MOUNTAIN

TECHNOLOGIES

microwavejournal.com/events/2317
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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!
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NEW PRODUCTS

WIDEBAND RF UP-CONVERTER
YVENDORVIEW

The ADRF6780S

Daes L8 is a wideband RF
L -l Up-converter,
‘‘‘‘‘‘‘ | [l qualified for high-
L =l reliability aero-
el space  applica-

tions and sold in
a compact plastic package. This IC
has an RF output from 6 to 24 GHz
and a selectable multiplier LO cov-
ering 5.4to 28 GHz. The ADRF6780S
integrates mixers, VVAs, multipliers,
buffers and log detectors into one
chip and has the flexibility to sup-
port zero IF or superheterodyne ar-
chitectures.
Analog Devices
www.analog.com

SYSTEM
\VENDORVIEW
The mmWave
m Test System is a
. turnkey solution
for customers
measurements up to 220 GHz. The
measurement system is anchored
by a CMT VNA and includes a 3D
phisticated but intuitive measure-
ment software, frequency extender
modules and accessories to set up
measurements. Each OTA bundle
can be configured with a set of two,
three or four anechoic chamber
surement requirements.
Copper Mountain
Technologies

MMWAVE OTA ANTENNA TEST

OTA Antenna
needing to make far-field antenna
antenna positioner (Gimbal), so-
a chamber for farfield antenna
cubes, depending on far-field mea-
www.coppermountaintech.com
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PLO PRODUCES +15 DBM AT
34 GHZ

\WJVENDORVIEW

Based on high
performance volt-
= age-controlled

2. dielectric resona-
sk tor oscillator
J (DRO) technolo-

gy, model SOP-
34310115-KM-BB is a phase-locked
oscillator (PLO) that generates 34
GHz at +15 dBm. Using either an in-
ternal or external reference signal,
typical phase noise is -85 dBc/Hz at
a 10 kHz offset. Phase-lock and
phase-error output signals are pro-
vided.
Eravant
www.eravant.com

x

AMP20052, 20 - 500 MHZ,

1000 W

\"JVENDORVIEW

Exodus AMP20052 is designed for
EW/ECM, EMI/RFI, lab and general
communications applications.
It has a Class A/
AB linear design
and 1000 W mini-
mum with 60 dB
gain. It features
high-power advanced technology
devices for instantaneous band-
width. Optional monitoring for for-
ward/reflected/VSWR indication as
well as voltages and currents is
available. It provides high efficiency
with unprecedented reliability and
ruggedness in a 6U chassis.
Exodus Advanced
Communications
www.exoduscomm.com

ULTRA-BROADBAND HIGH
PERFORMANCE POWER
DIVIDERS
CELGY LYY The HYPERLABS
power divider
M lineup includes
2-way and 4-way
resistive dividers
with models op-
erating up to 110
GHz. The broadband Wilkinson
power divider product line offers
2-way models operating up to 67
GHz designed to provide highly
symmetrical amplitude and phase

PERFORMANCE

division with high isolation. HYPER-
LABS is a global provider of ultra-
broadband amplifiers, baluns, pick-
off tees, bias tees, DC blocks, power
dividers, pick-off tees attenuators
and more.

HYPERLABS
www.hyperlabs.com

HIGH POWER SURFACE-
MOUNT 90° HYBRID
\JVENDORVIEW

Mlcable released
the new 0.225 to
2 GHz high pow-
er surface-mount
90-degree hy-
brid. It has low
insertion loss (0.8 dB max.), excel-
lent VSWR (1.30:1 max.), extremely
good amplitude unbalance (+1 dB
max.) and phase unbalance (+5 de-
grees max.), high isolation (17 dB
min.) and 200 W power handling
capability with excellent stability
and heat dissipation ability in a
small package. It is suitable for pow-
er amplifier, power combining net-
work, antenna feed network, modu-
lator and phase shifter applications.
Micable Inc.

www.micable.cn

958 SERIES GUI-CONTROLLED
WIDEBAND SYNTHESIZERS

The 958 Series of-
fers high perfor-
mance, GUI-con-
trolled wideband
synthesizers with
+20 dBm typical
output power. Operate remotely via
Wi-Fi or Ethernet and choose from
five versatile modes: CW, sweep,
hop, PWM and external trigger.
Features include ultra-fast < 10 ps
switching, 0.01 Hz resolution, low
phase noise, FSK modulation sup-
port and customizable CW filtering.
With built-in attenuators (up to 70
dB), wide reference compatibility
(10 to 250 MHz) and single-supply 8
to 15 VDC operation, it delivers pre-
cision and flexibility for demanding
RF applications.

Millimeter Wave Products, Inc.
WwWw.miwv.com
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Check out our website for available frequenCIes :

Ik To Us Aiout Your Custom Requirements.

Phone: (973) 881-8800 | Fax: (973) 881-8361
E-mail: sales@synergymwave.com | Web: www.synergymwave.com
Mail: 201 McLean Boulevard, Paterson, NJ 07504
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W-BAND DUAL-MODE SOLID-STATE POWER
AMPLIFIER

NEW PRODUCTS

This W-Band dual-mode solid-state
power amplifier (QPP) is engineered
for high performance radar and com-
munication systems. Offering both
variable pulses and CW mode in a
compact package, it delivers consis-
tent output power and stable gain across 92 to 96 GHz.
With rugged construction and precision-tuned perfor-
mance, it is ideal for lab development or system integra-
tion where space and thermal management are critical.
Quinstar Technology

Www.quinstar.com

WIRELESS INSITE® 3D WIRELESS PREDICTION
SOFTWARE
VENDORVIEW
.~ .- Remcom  delivers cutting-edge
mmWave solutions through its Wire-
less InSite® 3D wireless prediction
software, supporting advanced 3D ray
tracing, diffuse scattering and atmospheric absorption
modeling to accurately simulate high frequency propa-
gation scenarios in urban, indoor, vehicular and FWA

Frequency Matters.

A Spherical Near-Field Test
System for Commercial Aircraft =
Radome Testing Micr
Digital Exclusive:
Low-Profile Quad-Band AMC-
Backed Antenna for Gain
Enhancement

).

Jour

SPECIALFOCUS
mmWaves

environments. Its hybrid massive MIMO beamforming
and adaptive steering tools analyze mmWave path loss
and blockage, enabling SINR, throughput and Doppler
prediction for dynamic networks. With unique optimiza-
tions preserving full 3D fidelity and efficient perfor-
mance, Remcom equips engineers to design and de-
ploy next-generation 5G/6G mmWave systems.
Remcom

WwWww.remcom.com

ASL-50B SERIES AMPLIFIERS

The ASL-50B series of products con-
sists of gain blocks with +25, +30 and
+35 dB. The noise figure levels are
+3.5 dB typical and +5.5 dB max. at
50 GHz. The output P-1 dB is +11 dBm typical and +8
dBm min. at 50 GHz. Like all WT products, the ASL-50B
series amplifiers are battle-tested and backed with the
four-year warranty program. This type of service gives
customers the support they need for long-term uses,
reducing costly replacements. All WT Products are
RoHS compliant and burn-in tested for 48 hours at
+50°C.

Wright Technologies

www.wrighttec.com

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

The Netherlands and Belgium:
Crossroads of the European
Microwave Industry

EuMW Show Coverage

Sponsored By
TRFMW s57TIMES IMini-Circuits
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HIGH PRECISION
ARMORED TEST CABLE

ir HIGH PERFORMANCE

v HIGH STABILITY

e LONG LIFE

110GH:z

Application

NEW

* 110 GHz millimeter wave testin

+ Equipment & System Connection

y | n|cs
Model Outer Diameter| Frequency | Cable Attenuation VSWR Shielding Effectiveness | Phase Stability vs. Flex. | Phase Stability vs. Temp. | Amplitude Stability vs. Flex. :
AT110 & o <165dB/m@110GHz|<1.35@110GHz o <+8'@110GHz <100ppM@-10C~+30C <20.2dB@110GHz
.omm ~ Z <
AC110 <16dB/m@110GHz|<1.45@110GHz <+10'@110GHz <500ppm@-55 C~+85C <20.3dB@110GHz
Test Curve

Sampie Length 05 meten

S

More Information-
Scan the QR Code |O

& www.micable.cn

> sales@micable.cn

|

N

MlIcable Inc.

Q +86-591-87382856
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Organized by

A one-day focused Forum

Space Weather and its Effects
on Critical Infrastructures
Here on Earth
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MICROWAVE WEEK
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= ﬂ " THE NETHERLANDS
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EUROPE’S PREMIER ROPE-
MICROWAVE, RF, WIRELESS |,.u a8 = K30
AND RADAR EVENT RSGnd

EUROPEAN MICROWAVE WEEK 2025

EUROPE’S PREMIER MICROWAVE, RF, WIRELESS AND RADAR EVENT

Register online at:

www.eumw.eu

LL]

REGISTER NOW AT:

WWW.EUMW.EU




European Microwave Week 2025

The only European event dedicated to the Microwave and RF industry

The European Microwave Week 2025 takes place in the city of
Utrecht. Bringing industry and academia together, the European
Microwave Week 2025 is a SIX day event, including THREE cutting
edge conferences, THREE Forums and ONE exciting trade and
technology Exhibition featuring leading players from across the
globe. EuMW 2025 provides access to the very latest products,

The Exhibition

Registration to the exhibition is FREE!

e Over 300 International Companies - meet the industry’s
biggest names and network on a global scale

e Cutting-edge Technology - exhibitors showcase their latest

product innovations, offer hands-on demonstrations and
provide the opportunity to talk technical with the experts

research and initiatives in the microwave sector. It also offers
you the opportunity for face-to-face interaction with those
driving the future of microwave technology. EuMW 2025 will see
an estimated 1,600 conference delegates, over 4,000 attendees
and in excess of 300 international exhibitors (inc. Asia & US).

e Industrial Workshops - get first hand technical advice and
guidance from some of the industry’s leading innovators

Entry to the exhibition is FREE.
Register at: www.eumw.eu

Be There

Exhibition Dates Opening Times
Tuesday 23 September 2025 09:30 - 18:00
Wednesday 24 September 2025 09:30 - 17:30
Thursday 25 September 2025 09:30 - 16:30

The Conferences

The EuMW 2025 consists of three conferences, three forums and associated workshops:

e European Microwave Integrated Circuits Conference (EuMIC)
22-23 September 2025

e European Microwave Conference (EuMC)
23-25 September 2025

e Furopean Radar Conference (EuRAD) 24-26 September 2025

e Plus Workshops and Short Courses (From 21 September 2025)

e In addition, EuMW 2025 will include the Defence, Security and
Space Forum, the Automotive Forum and the 6G Forum

The three conferences specifically target ground breaking innovation
in microwave research. The presentations cover the latest trends in
the field, driven by industry roadmaps. The result is three superh
conferences created from the very best papers submitted. For the full
anduptodate conference programmeincluding adetailed description
of the conferences, workshops and short courses, please visit
www.eumw.eu. There you will also find details of our partner
programme and other social events during the week.

T0 SEE THE CONFERENCE SESSION MATRIX please visit: www.eumw.eu

How to Register

Registering as a Conference Delegate or Exhibition Visitor couldnt be easier. Register online and
print out your badge in seconds onsite at the Fast Track Check In Desk. Online registration is open
now, up to and during the event until 26 September 2025.

e Register online at www.eumw.eu

e Receive an email receipt with (R code attached

e Bring your email, AR code and photo ID with you to the event

e (o to the Fast Track Check In Desk and print out your badge

o Alternatively, you can register onsite at the self service
terminals during the registration.

Please note: NO badges will be mailed out prior to the event.

On-site registration opening times:

e Saturday 20 September 2025 (16:00 - 19:00)

e Sunday 21 - Thursday 25 September 2025 (08:00 - 17:00)
e Friday 26 September 2025 (08:00 - 10.00)



Registration Fees

Full Week ticket: conferences are also offered if you are a Student/Senior (Full-

Get the most out of this year's Microwave Week with a Full Week ticket. ~time students 30 years or younger and Seniors 63 or older as of
Combine all three conferences with access to the Defence, Security and 26 September 2025). The fees shown below are invoiced in the
Space Forum and the 6G Forum (the Automotive Forum and the Schools name and on behalf of the European Microwave Association. All
are not included) as well as all the Workshaps or Short Courses. payments must be in € Euros -~ cards will he dehited in € Euros.
Registration at one conference does not allow access to the ALL FEES ARE EXEMPT OF DUTCH VAL

sessions of the other conferences. Lunches are included with all conference/forum and workshop

Reduced rates are offered if you have society memhbership to any registrations:

of the following: EuMA®, GAAS, IET or IEEE. Reduced rates for the - Sunday: lun_ch baxss provided Lz elogates
- Monday-Friday: delegates receive a seated 3 course lunch

CONFERENCES ADVANCE DISCOUNTED RATE STANDARD RATE
REGISTRATION (FROM NOW UP TO & INCLUDING 22 August 2025) (FROM 23 August 2025 & ONSITE)

Society Member © Non-Member Society Member © Non-Member
1 Conference Standard Student/Sr.  Standard Student/Sr.  Standard Student/Sr.  Standard Student/Sr.
EuMC £710 £200 £€1,000 £280 £1.,000 €280 £ 1,400 €400
EuMIC €540 £180 £760 £250 £760 €250 £1.060 £350
EuRAD €490 £170 £ 680 €240 €680 €240 €950 £330
2 Conferences Standard Student/Sr.  Standard  Student/Sr.  Standard Student/Sr.  Standard Student/Sr.
EuMC + EuMIC €1.000 €250 € 1,400 €350 £€1.400 €350 £1.970 €450
EuMC + EuRAD €940 €250 € 1,340 €350 £1,340 €350 £1,880 €450
EuMIC + EuRAD €820 €250 €1,150 €350 €1,150 €350 £1,610 €450
3 Conferences Standard Student/Sr.  Standard  Student/Sr.  Standard  Student/Sr.  Standard  Student/Sr.
EuMC + EuMIC + EuRAD £1.220 £300 £1.710 €400 £1.710 € 400 £2.390 £500
Full Week Ticket £2,070 £500 £ 2,680 £ 600 £€2.680 £ 600 £3.510 £700

@ BECOME A MEMBER - NOW!

EuMA membership fees: Professional € 25 / year, Student € 15 / year.

One can apply for EuMA membership by ticking the appropriate  EUMA KNOWLEDGE CENTRE

hox during registration for EUMW. Membership is valid for one ~ The EuMA website has its Knowledge Centre which
year, starting when the subscription is completed. The discount presently contains over 24,000 papers published under
for the EuUMW fees applies immediately. Members have full the EuMA umbrella. Full texts are available to EuMA

e-access to the International Journal of Microwave and members only, who can make as many copies as they
Wireless Technologies. wish, at no extra-cost.
SPECIAL FORUMS AND SESSIONS ADVANCE DISCOUNTED RATE STANDARD RATE
REGISTRATION (UP TO & INCLUDING 22 August 2025)  (FROM 23 August 2025 & ONSITE)
Date Delegates* All Others** Delegates* All Others**
Automotive Forum 23 September 2025 € 365 €515 €510 €720
Defence, Security & Space Forum 24 September 2025 €180 €250 €250 €350
6G Forum 22 September 2025 € 365 €515 €510 €720
Design School 21 September 2025 €40 €40 €55 €55
Radar School 22 September 2025 €40 €40 €55 £55
EuMW Experience 24 September 2025 £460 € 60 €60 £ 460

*those registered for EuMC, EuMIC or EuURAD **those not registered for a conference



Workshops and Short Courses

Despite the organiser’s hest efforts to ensure the availability of all listed workshops and short courses, the list below may be subject to change. Also
workshop numbering is subject to change. Please refer to www.eumw.eu at the time of registration for final workshop availability and numbering.

Sunday 21 September 2025

SS-01 Full day EuMIC Fundamentals of Microwave PA Design

$S-02 Half-day EuMC Wearabhle Antenna Systems for Joint Body-Centric Communication, Powering and Sensing

WS-01 Full day EuMC/EuMIC  Advancements in Technologies and Circuits Leading to 6G

WS-02 Full day EUMC Polymer Microwave Fiber (PMF) Communication for Sub-THz, Low-Cost High Data Rate Short-Range Systems
WS-03 Full day EuMC Acoustic Wave Filters for Space Applications

WS-04 Full day EuMC Additive Manufacturing for Microwave Components and Systems

WS-05 Full day EuMC/EuMIC  Opportunities and Challenges for the Cryogenic Microwave Control of Quantum Processors

WS-06 Full day EuMC/EuMIC  RFIC Design, Packaging and Antenna Solutions for mm-Wave and Sub-THz Communication and Radar

WS-07 Full day EuMC Integrated Microwave Photonics

WS-08 Full day EuMC/EUMIC ~ Thermal Effects and Heat Management in Active Phased Arrays: Chip, Package and Antenna Level Concepts

WS-09 Full day EuMC/EuMIC  Innovations in Load-Pull Techniques for Wideband and High-Frequency Applications

WS-10 Full day EuMC/EuMIC  Advanced mm-Wave IC Design: A Step Ahead

WS-1 Half-day EuMC/EuMIC  The Path to 2030: Joint Communication and Sensing in the 6G Internet-of-Everything Era

WS-12 Half-day EuMC/EuMIC Al and Data-Driven Modeling for RF/MW Design

WS-13 Half-day EuMC Microwave Carbon Footprint of Wireless Commuincations - From Energy Efficiency to Embedded Emissions

Monday 22 September 2025

SM-01 Half-day EuMC Architecture and Applications for Emerging SATCOM and NTN Communication Networks

SM-02 Half-day EuMC Radiative Wireless Power Transfer Basics and Implementation

WM-01 Full day EuMC Photonic Technologies and Systems for RF Applications

WM-02  Full day EuMC Latest Advancements in Microwave Measurement Techniques for Future Communications and Quantum Applications

WM-03  Half-day EuMC/EuRAD  Standard, Prototype, and Measurement for Integrated Sensing and Communications in the COST Action INTERACT

Wednesday 24 September 2025

SW-01 Full day EuMC/EuMIC  Embedding Sustainability into RF Technologies

WW-01 Half-day EuMC Innovative Semiconductor Device Architectures and Accurate Modeling for Emerging Applications - Bridging the Gap
Between Circuit Design Challenges and Practical Commercialization

WW-02  Half-day EuMC/EuRAD  High Resolution Radar Technologies for Future Automotive Systems

WW-03  Half-day EuMC/EuMIC  RF & Sub-THz Heterogeneous Integration

WW-04  Half-day EuMC Recent Progress in Compact, Ultra-Low Phase Noise Microwave-Photonic Frequency Synthesis

Thursday 25 September 2025

STh-01  Full day EuMC/EuRAD  Basics of Systems Engineering for the Microwave Engineering Community

STh-02  Half-day EuRAD Synchronization in Distributed Radar - Prospective and Problems

WTh-01  Full day EuRAD Automotive Radar Research Trends

WTh-02  Half-day EuRAD Multistatic/Distributed Radar Systems

Friday 26 September 2025

SF-01 Half-day EuRAD Integrated Sensing and Communications: Fundamentals, State-of-the-Art and the Road Ahead

SF-02 Half-day EuRAD Nonlinear Radar: From Concepts to Applications

WORKSHOPS AND IN COMBINATION WITH WITHOUT

SHORT COURSES CONFERENCE REGISTRATION CONFERENCE REGISTRATION

Society Member © Non-Member Society Member © Non-Member

Standard  Student/Sr.  Standard  Student/Sr. Standard  Student/Sr.  Standard  Student/Sr.

Half Day €120 €90 €170 €120 €170 €120 €220 €170

Full Day €180 €130 €240 €180 €240 €180 €320 €240




““[M/ INSULATED WIRE
INCORPORATED

NEW FROM VINSULATED WIRE

MILLI-FLEX

For applications above 30 GHz, IW has
an established range of cable designed
to provide exceptional attenuation
performance at key frequencies for
commercial and military applications,
with our 180, 150, 157, 140 and 125 series
low loss/phase stable cables in addition

to our RF085 Re-Flex hand formable.

SEE US AT

MSPO
2025

With increasing demand for flexible Terminated with 1.0mm connectors
cable above 70 GHz, Insulated Wire has  designed for the 0471 cable, example
developed 0341 and 0471cable types, test data is shown below for a

the latter now available and 1.0mm 30cm/12" overall length assembly 2-5 September
connectors as turn-key assemblies. using male and female connectors: Kielce, Poland

Using our proprietary technology for BOOTH 4-E18
laminating PTFE, IW has achieved a WITH SACA EUROPE
cable design compatible with a range i s o

of interconnect products including :

1-0?"“ and G3P0™to achieve WWW.TARGIKIELCE.PL/EN/MSPO
performance P ANy,

to 110 GHz. A *l‘f“ T

The lamination process provides

excellent concentricity, tight

impedance control and excellent

attenuation performance across the i own e oo TiGEOGE
operating frequency range. -

T f millimet ial cables, check out th Eﬁi ) SCAN THIS CODE
o see our range of millimeter wave coaxial cables, check out the JJ‘

Products page on the brand new https://insulatedwire.com, contact e (AL @Y L5 el
sales@insulatedwire.com, or your local IW representative! e " CAN GET CONNECTED

www.insulatedwire.com
+ 16314724070

We're how the microwave industry

gets connected! t

e sales@insulatedwire.com




TechBrief

TEK Midas, a designer

and supplier of high per-

formance  mixed-signal

silicon ASICs and RF-
ICs and advanced GaAs and GaN
MMICs, introduces ATEK951P4.
ATEK951P4 is a 10 MHz to 8 GHz
wideband LNA with bypass MMIC
ina 4 x4 mm QFN SMT plastic
package.

The ATEK951P4 wideband LNA
integrates a bypass option that pro-
vides a flat 18 dB gain and a noise
figure of 2 to 3 dB. This LNA of-
fers P1dB drive at +17 dBm while
maintaining +30 dBm output IP3
and requiring only 82 mA from its
+5 V single supply. The bypass
state is enabled with a single posi-
tive control input, eliminating the

- Flexi RF

= SHOP BY

Adapters
Amplifiers
Antennas

4 Attenuators
Cable Assemblies
Circulators
Connectors

DC Blocks & Bias Tees

-
= /
A

Z
2

O, www.Flexi RF.com %

Flexi RF,Inc

o8 3070 Scott Blvd., Santa Clara, CA 95054 United States

114

10 MHz to 8 GHz LNA
with Bypass MMIC

need for negative voltage rails. The
ATEK951P4 offers an outstanding
combination of functionality, noise
figure, drive and linearity for a wide
range of SDR, UWB, IoT, test instru-
ment, satcom, counter-UAS and
EW/ECM receiver applications. RF
inputs and outputs are matched to
50 Q. ATEK951P4 LNA products
and evaluation boards are available
from stock.

ATEK Midas applies expertise,
creativity and passion to design an-
alog and mixed-signal silicon ASICs
and RFICs, along with GaAs and
GaN MMICs and modules for aero-
space, automotive, 5G/6G telecom,
data center, defense, industrial/
loT, medical, scientific and test and
measurement markets. ATEK Midas
partners with customers to provide
focused, custom IC design and de-

velopment services that deliver IP
blocks to engineering prototypes
and turn-key production solutions.
These solutions are complemented
by ATEK Midas' line of MMIC stan-
dard products for communication
and sensor applications, extending
up to 100 GHz.

ATEK’s North American sales and
applications partner, ViNo Waves
LLC, works closely with ATEK tech-
nical representatives to provide
sales, marketing and technical sup-
port. ViNo Waves can be reached at
sales@vinowaves.com.

ATEK Midas

Istanbul, Tirkiye
info@atekmidas.com
For further information
contact Norm Hildreth
+1 781-789-8454
normh@vinowaves.com

Precision RF Components

Flexi RF
Reliable RF Components In Stock

Add to cart ﬁ

@ (650) 880-9199

X sales@FlexiRF.com

Same-Day Global Shipping From USA

MULTI-COAX
CABLE ASSEMBLIES

—

)

HIGH-QUALITY RF
MICROWAVE COMPONENTS

Scan to Shop Now
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NEW BENCHTOP & RACK MOUNT RF AMPLIFIERS
Built-in monitoring, control and protection

MANUFACTURED
ALLINTHEJS A

DESIGNED
ENGINEERED ﬁ

www.amcomusa.com




- Analog Devices Introduces:
Apollo MxFE

- =
[ - (¥

o e ]

v gyl Pixus
Analog Devices Inc. 154 A i 3
https:/ /players.brightcove. - = TQChHOlogles
net/706011717001 /VwMdg0aoOkC default/index. Celebrates Its
html?videold=63289494641123 1 sth Annivers ary

Pixus Technologies has announced its
15th year anniversary as a provider

- Introducing FSWX - World’s of erribggided %ﬁmputing a,nii1 englosure
solutions. The company has been
First Multi-Channel Slgnal supporting the énililtl;pa.ry?’a./erospa,cei,l
industrial, , physics/researc
& SpeCtrum A'naly zer Wlth and telecom comrﬁugities since its
Cross-Correlation inception in 2010.

Pixus Technologies
https:/ /pixustechnologies.com /

Rohde & Schwarz

https:/ /www.youtube.com / \
watch?v=kUVj96820cY

. SP145 + Spike: Master RF Mapping in Minutes!

el —

Signal Hound s L&é
https:/ /www.youtube.com /watch?v=qUcp8qF901c

. Unboxing SV Microwave’s VITA 6'7.3 Developer Kit

)

SV Microwave -
https:/ /www.youtube.com /watch?v=1Vewhn8Mzbo .
»

Werlatone Celebrates 60 Years

Werlatone is celebrating its 60th year. Started as a “garage-shop” operation, Werlatone has
evolved its engineering and manufacturing strategies to become a leading supplier of high-power,
passive wideband RF/microwave solutions for major aerospace and defense contractors for
communications, EW and radar systems.

Werlatone RLATONE

https:/ /werlatone.com
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iNRUTIRE

iNRCORE FAMILY OF BRANDS

Maximize Performance. Minimize Size.

Unlock Precision and Reliability
with INRCORE!

HIGH-FREQUENCY EXCELLENCE

iNRCORE is your trusted partner in high-performance electronic components, delivering innovative solutions tailored to
meet the most demanding technical requirements. Our products are engineered to optimize signal integrity and power
management across critical industries, including aerospace, defense, medical, and telecommunications.

=P € ¢ « *

Planar Transformers  Ethernet Transformers Chip Inductors Broadband Conicals  Transceiver Modules  Military QPL Inductors
EMI/RFI Filters Capacitors Resistors RF Filters Custom Magnetics

@ Advanced Magnetic Components: Precision-engineered for flawless performance in extreme environments.

@ High-Speed Signal Transmission: Designed to handle mission-critical applications with uncompromising reliability.
@ (ustom Solutions: Tailored designs to meet unique specifications and rigorous industry standards.

@ Ruggedized Construction: Built to withstand shock, vibration, and harsh operating conditions.

IDEAL FOR Why iNRCORE?

With over 70 years of expertise, iNRCORE products ensure
unmatched performance in the most challenging environments.
Choose iNRCORE for excellence you can rely on!

@ Aerospace systems

© Medical devices

@ Defense technology

@ RF and microwave communications

] Scannerer @ A O wwwiNRCORE.com  +1-215-781-6400

ISO 9001 AS9100
xR

nnnnnn



NEW PR

0DUCTS

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

AEM
RENAISSANCE

Ka-Band Coaxial Isolator

2A9BDP is a Ka-Band coaxial isolator that
covers three separate sub-bands between
27.5 to 31 GHz. It offers a unique interface of
a 2.9 mm female connector for input and a
feedthrough pin for the output. With its low
insertion loss, high isolation, compact size
and stability over a wide temperature range, it is an ideal choice for
military environmental conditions.

www.rec-usa.com

ALTUM RF
E-Band Solutions

i i il Altum RF’s new E-Band PA GaAs MMICs
support today’s demanding mmWave telecom
and satcom applications by offering high
output power and gain for longer-range links.
The ARF1018, 71 to 76 GHz with 1.8 W Psat
(including bonding transitions from die) and
27 dB small-signal gain. The ARF1019, 81 to
86 GHz with 1.6 W Psat (including bonding
transitions from die) and 24 dB small-signal
gain. The die size for both MMICs is 3.5 x 4.1 x 0.05 mm3 and
include an on-chip integrated power detector.

www.altumrf.com

o T S T

INNOVATIVE %ﬁzz
FILTER SOLUTIONS
Dc - 4OGHZ A Dil\i:oEI;fEl\i.trvE)f:s'\r:g:ational Corp.

Extensive Catalog of Standard Designs | Quick Prototype Delivery (3-4 wks)

Anti-Aliasing | Delay Equalized | Matched | Linear Phase | Diplexers | Absorptive

Military | Microwave Medical Imaging | Positive Train Control | Commercial

[

1S0 9001:2015
AS9100

‘ erland P
CERTIFIED I | filters.
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AMPHENOL RF

Cable Assemblies

Amphenol RF introduced the SMPM to SMPM
assembly on RG-178 cable into their portfolio

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

COPPER MOUNTAIN
TECHNOLOGIES
V0902 2-Port 9 GHz VNA
YJVENDORVIEW

CMT’s V0902 delivers highly accurate
-‘ measurements up to 9 GHz with the ideal
feature set for many production and field

service applications in a cost-effective
package. V0902 has a 100 kHz starting frequency, 300 kHz
maximum IF bandwidth, 135 dB typical dynamic range and 25 ps per
point measurement speed.
www.coppermountaintech.com

ERAVANT

COTS-Powered Custom Solutions

VENDORVIEW

From 1 to 330 GHz and beyond, Eravant’s
custom design capability is supported by a
vast design library based on decades of
industry-leading innovation and manufacturing
expertise. Offering a wide array of proven
designs that include signal sources, power
amplifiers, control components and antennas,
Eravant can work with your team to quickly transform system
requirements into working prototypes ready for volume production.
Contact us today to gain traction and accelerate your projects with
Eravant COTS.

www.eravant.com

JFW INDUSTRIES, INC.

8-channel USB Programmable
Attenuator

YVENDORVIEW

JFW Industries, Inc model 50P-2140 SMA is
an 8-channel USB programmable attenuator.
It operates from 200 to 6000 MHz with
attenuation range O to 95 dB in 1 dB steps.
All eight attenuators are individually con-
trolled. Test software is provided with the USB
attenuator. If you would like to integrate the
USB attenuator into your script testing, a JFW
Python library is offered upon request.

www.jfwindustries.com

2025 EUMW
SHOW COVERAGE
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;' Talent Microwave | Wide Band High Power Amplifier | www.talentmw.com/en/

26.5-40GHz 500W Fegtures

Ultra Wide Band: 26.5-40GHz
Gain: 57dB Min

Output Power: 57.5dBm Min
High-efficiency GaN technology

Solid State Power Amplifier

Low power consumption

Low spurious signal

Forward/reverse power monitoring
Over voltage, over temperature, over

current protection

O
O
O
O
O
O
O
O
O

Optional overdrive protection

Pout@Pin

Pout(dBm)
N oW oA @ @
oo 888883

-50 -48 -46 -44 -42 -40 -38 -36 -34 -32 -30 -28 -26 -24 -22 -208 -18
Pin(dBm)

—POUL@26.5GHZ POUt@33GHz e Pout@40GH2z

DC solid state power amplifier Modules AC Type Benchtop Power Amplifier up to 50KW

Three Years Warranty

Fast Delive »

© 0.5-6GHz 500W CW Solid State Power Amplifier

© 26.5-40GHz Output Psat: 47dBm O Cband  10KW CW Solid State Power Amplifier

O Model: TLPA26.5G40G-47-47 © 1-4GHz  20KW Pulse Solid State Power Amplifier
© 4-8GHz 2000W CW Solid State Power Amplifier
© 6-18GHz  1000W CW Solid State Power Amplifier
© 2-18GHz  100W CW Solid State Power Amplifier

© 6-18GHz Output Psat: 48dBm © 8-18GHz  2500W Pulse Solid State Power Amplifier

© Model: TLPA6G18G-47-48 © 26-40GHz 500W CW Solid State Power Amplifier
© 40-60GHz 100W CW Solid State Power Amplifier
© 75-110GHz 10W CW Solid State Power Amplifier

Web:www.talentmw.com/en/ Mail:sales@talentmw.com Add:Suzhou, China




NewProducts

MICABLE INC.
Wideband Solid-State
Switch Matrices

YVENDORVIEW

'

The newly launched solid-state switch
matrices operate across a broad frequency
range of 0.5 to 8 GHz, offering low insertion
loss, high isolation, fast switching and high
reliability. Engineered for precision, the
matrices provide excellent consistency in
both amplitude and phase across all output
ports through meticulous design and
thorough optimization. Available in configura-
tions from 1x16 up to 1x64, the largest
1x64 matrix delivers insertion loss < 5 dB
and isolation > 70 dB. The product includes
control software and supports multiple
interface options — USB, Ethernet and TTL
— enabling smooth integration into systems
for 5G RRU, Wi-Fi 6E, antenna arrays and
phased array applications.

www.micable.cn

MICABLE INC.
8-Way Ultra-
Wideband Power Divider/Combiner

YVENDORVIEW

Micable’s 18 to 67 GHz 8-way ultra-wide-
band power divider/combiner can accept an
18 to 67 GHz signal and deliver eight output
signals with equal amplitude and phase.
Due to extremely wide bandwidth, excellent
VSWR, insertion loss and isolation, it can be
widely applied in 5G, high speed data
communication, testing, instruments and
other related fields.

www.micable.cn

MPG

Full Comms
Whilst Jamming

=

MPG’s ECM Deconflic-
tion System enables
reliable VHF/UHF
communication whilst
simultaneously
operating on-platform
broadband jammers. Designed for integra-

www.mpgdever.com

Frequency Sources (PLDRO & DRO)

Typical Phase Noise: -120dBc/Hz @1KHz offset -126dBc/Hz @10KHz offset

Phase Noise [dBc/Hz]
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Frequency : 4K~260GHz

Gain : 12~68dB
Power : up to 2kwW
Noise Figure : as low as 0.7dB
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-
|

tion with armored vehicles, infrastructure or
manpack deployments, the system
incorporates two bolt-on modules that
interface with the ECM and radio, allowing
continuous jamming across 225 to 400
MHz, but with no impact to frequency
hopping radio operation. The system
enhances mission resilience and avoids the
frequently encountered compromise
between electronic force protection and
availability of communications.
www.mpgdover.com

PICO TECHNOLOGY
High Bandwidth Sampling
Oscilloscopes
R Pico Technology

B 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 applications. 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.

www.picotech.com

C:' Qualwave

\/ m

! n:‘ m’l’

Applications
Frequency converter
Wireless

Transmitter
Transceiver

tion available

Tel:

Qualwave Inc

E-mail: sales@qualwave.com
Website: www.qualwave.com

+86-28-6115-4929
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We offer a range of in-stock, Bias Tees to
address a variety of applications, including
test and measurement, research and
development, optical communications,
satellite communications and more.

In-Stock & Shipped Same-Day

. 5
24 <N

SAME-DAY SHIPPING CUSTOM CABLES LIVE TECH SUPPORT

fairviewmicrowave.com Fairview Microwave:
+1 (800) 715-4396 an INFINIT@ brand




NewProducts
QORVO

Connecting the
World Through
Space

\Y)VENDORVIEW

Qorvo

Qorvo’s QPA1722 is the latest addition to
their growing K-Band space portfolio,
delivering 3x instantaneous bandwidth in a
38 percent smaller footprint to meet the
demands of modern LEO satellite payloads.
Housed in a compact SMT package, this
high-efficiency GaN PA enables greater data
throughput and flexible system integration.
With over 40 years of space expertise and a
portfolio spanning Ku, K- and Ka-Band
solutions, Qorvo delivers the performance
and reliability that enable the next genera-
tion of satcom systems.

WWW.(orvo.com

QUANTIC PMI
Solid-State Digital and
Analog Controlled Attenuators

YVENDORVIEW

| Quantic PMI's
solid-state digital and
| analog controlled

| attenuators are

| designed for

I commercial, industrial
and military appllcat|ons including transmis-
sion loss simulation, signal fading/handover
system evaluation and telecom network
infrastructure. Choice of attenuation ranges
with resolution as low as 0.005 dB and
frequency ranges to 70 GHz. Either voltage
variable or digitally variable programmable
versions are available. Quantic PMI’s
attenuators offer the industry’s best
attenuation flatness versus frequency. Form,
fit, function and custom designs are their
specialty. COTS availability.
www.quanticpmi.com

REACTEL
Filters, Multiplexers
& Multifunction Assemblies

YVENDORVIEW

..y Reactel will feature its
VLl full line of filters,
multiplexers and
multifunction
assemblies covering
up to 67 GHz at
EuMW 2025 in

Utrecht. Supporting military, commercial,
industrial and research needs, Reactel can
design the right unit for you. From small,
lightweight units suitable for flight or
portable systems to high power units
capable of handling up to 25 kW, connector-
ized or surface-mount, large or small
quantities, Reactel’s engineers can design a
unit specifically for your application. Visit
them in stand B131 to discuss your
requirements.

www.reactel.com

RFMW

Low Loss,
High-Rejection

2-18 GHz Filter Bank
Y)VENDORVIEW

The ED2
FBO10BW16SG is an
8-way bandpass filter
bank covering 2 to 18
GHz with 2 GHz-wide
bands. Optimized for
low SWaP systems, it
offers a typical
insertion loss of 4 dB, > 12 dB return loss
and 20 ns switching speed in a compact 9
x 9 mm SMT package. With internal 50 Q
matching and +30 dBm CW input handling,
it'’s ideal for EW, SIGINT and broadband
communications systems operating across
harsh temperature ranges.
www.rfmw.com

Yun Micro Electronics

Custom RF Filter Manufacturer

Yun Micro
Electronics

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

Main products

LTCC Filter Dielectric Filter
4 LCFilter I
Small volume, Surface Mountable Small volume !
4 Film Filter or Wire or Ribbon Bonds Available in 3~10 sections :
|
|

Frequency range : 500MHz~8GHz
Size:Length 6~30mm, Width 4~10mm, High 3~6mm

- — 4

Frequency range:80MHz~9GHz (LPF),
140MHz~20GHz (BPF)

3dB BW : 5%~50%

Size: Length 3.2~10mm,

Width 1.6~7mm, High 0.9~2mm
Good product consistency

4 LTCC Filter

4 Ceramic Filter

4 Cavity Filter

4 Tubular Low Pass Filter
4 Ultra-broadband Filter
4 Filter Banks

k

4 Multiplexer
4 Switch Filter Banks

4 TEO1 Mode Filter (Band Pass) M—FTizer i

4 Tunable Band Pass Filter(L Band,

S Band, Motor Tuning)

Lc Filter

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

Small volume

Available in 3~12 sections
Frequency range : 2 GHz~40 GHz Band-pass Filter,High-pass Filter,Low-pass
3dB BW : 1%~60% Filter,Band-stop Filter

< Chip Filter Size: Lenﬁh 8~20mm, Width 4~12mm, High3~8mm

122 MW]JOURNAL.COM m AUGUST 2025

4 Waveguide Filter

4 Waveguide Ceramic Filter



AROGIC

Extend
RF Boundaries.

IP68 RUGGED
SPECTRUM ANALYZER
Up to 40 GHz

Booth 095

21-26, September 2025 | Utrecht, The Netherlands

1 info@harogic.com L www.harogic.com




NewProducts

RFMW

110 GHz Performance

in a Compact, Rugged Connector
Solution

YVENDORVIEW

Now available at
RFMW, Smiths
Interconnect’s high
frequency mini-lock
connector delivers
outstanding 110 GHz
performance in a
compact, lightweight,
PFAS-free design. Engineered for space, EW
and defense systems, it combines excellent
electrical performance, low insertion force
and a robust locking mechanism for secure,
reliable signal transmission in harsh

MICRO-ADS

@
EXXELIA

EXXELIA RF
MICROWAVE
CAPACITORS AND
TUNING MATERIALS

© Classic - HiQ Series, Low ESR RF & Microwave

© Super-HiQ Series Ultra Low ESR, NPO \

© NHB - High Self Resonant Frequency Y
Ultra Low ESR, High RF Power

© Reverse-Geometry, Ultra Low ESL, NPO -

© CP- High Power, High Q 3

© CL- High Power, High Q, NPO

© Single layer - Broadband

Microwave ceramic / J

© High Capacitance Multilayer J \
Ceramic 3

© High Voltage Multilayer Ceramic )

© Low Voltage Multilayer Ceramic -
(63VTo35V) >. .

ermational Corp Exxelia Franchised distributor

s: 51 Babbitt Road Bedford Hills, NY 10507

R, 914 241 6900 | M sales@alliedinter.com
&3 www.alliedinter.com/exxelia-microwave-materials/

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

¥ Super low noise RF
amplifiers

» Broadband low noise
amplifiers

> Input PIN diode protected low
noise amplifiers

» General purpose gain block
amplifiers

¥ High power RF amplifiers
and broadband power
amplifiers

» 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.wenteq.com

124

environments. Qualified to MIL-STD shock
and vibration standards.
www.rfmw.com

SMITHS INTERCONNECT
K2TVA Thermopad®

Temperature Variable %
Attenuator Series
¥

Temperature effects can wreak havoc on
system performance. Smiths Interconnect’s
Thermopad®temperature variable attenua-
tors utilize patented-technology in a passive
solution which is smaller, less complex and
less costly than active compensation
alternatives. High reliability versions are
available for mission critical applications.
For over 50 years, Smiths Interconnect’s
solutions have been trusted by the
industry’s smartest engineers.
www.smithsinterconnect.com

SOUTHWEST
MICROWAVE

0.8 mm Connector

@\ H)

Visit Southwest Microwave at EUMW, stand
E096, to discover their groundbreaking 0.8
mm (145 GHz) high performance thread-in
connector. This cutting-edge design ensures
exceptional signal integrity while delivering
low VSWR, RF leakage and insertion loss.
The company will also present their 0.8 mm
vertical launch connector for microstrip and
CPW, currently in the prototyping phase.
Southwest Microwave remains committed to
surpassing previous milestones, cementing
their reputation as a performance leader in
microwave connectors.
www.southwestmicrowave.com

SPECTRUM

CONTROL
Miniaturized, Integrated RF-Digital
Solutions

Spectrum Control is
accelerating
RF+digital integration
and miniaturization
with their SiP platform
that simplifies
development and
significantly reduces
size. See live demos
at EUMW featuring software-instrumented
mmWave block converters that extend 2 to
18 GHz systems to 40 GHz and board-
mount micro-optical transceivers that
convert digital output to high speed optical
signals for extreme environments. Also on
display, ultra-miniature high Q filters for
compact RF front-ends. Now available are
multiplexers and filter banks for smart
antenna modules. Stop by stand C106.
www.spectrumcontrol.com

TAOGLAS

Patriot Series

2T
.

30mm x 30mm

Taoglas has released the Patriot series, a
compact, multi-function combination roof
mount antenna designed for connected
vehicle fleets across emergency services,
utilities and commercial sectors. Integrating
up to 18 antenna elements into 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.

www.taoglas.com

TELEDYNE LABTECH

Thermal Management in
GaN PCBs

Teledyne Labtech, a
top supplier of PCBs
with integrated
thermal management,
has developed an
innovative technique
of embedding copper
coins to enhance the
thermal path for high
power GaN devices. By directly mounting the
device to the ground plane, the temperature
of the GaN device junction will decrease,
improving efficiency and increasing MTBF.
www.teledynelabtech.com
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RF_I_AM B D A )\;\/// ﬁ - ITAR&1509001

P\ Registered Manufacturer
THE POWER BEYOND EXPECTATIONS \‘l B \ Made in USA

N\

/-
N

’:E \=/-A
\}H—/R MODULES UP TO 7OGHz
DREAM? WE REALIZEDIT = ... o)

LOW LOSS NO MORE CONNECTORS
GaN,GaAs SiGe DIE BASED BONDING
SIZE AND WEIGHT REDUCTION 90%

HERMETICALLY SEALED
AIRBORNE APPLICATION

SATCOM TR MODULE <
RX50GHZ TX 22GHZ

mymxmonui: R wLe
Solution

< REF Filter Bank

RF RECEIVER . RF TRANSMITTER

DC-67GHz ; . 0.01- 22G 8W PA
RF Limiter y AN P’ % PN: RFLUPA01G22GA

t

RF Switch 67GHz
RFSP8TA series

P 0.1-40GHz
0.05-50GHz LNA €& Z Digital Phase Shifter
PN: RLNAOOMSOGA || * X Attenuator

N PN: RFDAT0040G5A
LO SECTION

Oscillator

RF Mixer “4— R = ‘ S

ouTPUT INPUT

www.rflambda.com 1-888-976-8880 San Diego, CA,US Ottawa, ONT, Canada
sales@rflambda.com 1-972-767-5998 Carroliton, TX, US Frankfurt, Germany



DIRECTED
ENERGY SYSTEM
PERFORMANCE
PREDICTION

Review by Reena Dahle

Directed Energy System Performance Prediction

Graham V. Weinberg

‘ ‘ Directed Energy System Perfor-
mance Prediction” provides a
thorough, high-level overview of

directed energy systems. In the first few

chapters, the author explains the neces-
sary background to understand the fun-
damentals of performance modeling for
high-power RF (HPRF) and high-energy
laser (HEL) systems. Each chapter provides
a summary and current references for fur-
ther details, allowing readers to research
specific topics in more depth. The expla-
nations of the mathematical models used
to predict and analyze the performance of
the two types of directed energy weapons

(DEW) systems are clear and helpful.

The author explores different threat
modeling scenarios, ranging from a sin-
gle threat to a multitude of threats, to
examine the DEW system performance

RADIO FREQUENCY
MACHINE LEARNING
A Practical Deep
Learning Perspective

SCOTTKUZDEBA

ARTECH BOOKS

Radio Frequency Machine
Learning: A Practical Deep
Learning Perspective
Author: Scott Kuzdeba

ISBN 13: 978-1-68569-033-5
ePub: 978-1-68569-034-2
Publication Date: January 2025

Subject Area: Microwave and
RF Engineering

Binding / pp: Hardcover / 310pp
Price: $144 / £114

126

prediction using the power density
functions derived. Multiple threats were
explored for narrowband HPRF systems
based on their arrival time, including
simultaneous arrival, arrival through a
renewal process and linear arrival. The
author shares simulation plots that pre-
dict the success of the HPRF DEW in
eliminating threats for different case
scenarios of the multiple threats’ arrival
time and lifetime as a function of time.
For the simulation, the threats were as-
sumed to arrive in a linear trajectory to-
ward the HPRF DEW but were delayed
in time. The book also touches on the
differences between HPRF and HEL
systems. This book could benefit from
a more in-depth description of the elec-
tronic vulnerability levels on electronic
systems for HPRF DEWs.

Bookenc

Finally, the book takes it a step further
by providing readers with future research
directions in Chapter 7, allowing them
to understand the gaps in this field and
identify areas of research interest. This
book is a valuable resource for a wide
range of industry professionals, includ-
ing defense contractors and government
security groups. Additionally, the book’s
thorough compilation of mathematical
modeling frameworks makes it useful for
research in universities and labs.

Copyright: 2023
Pages: 230
ISBN: 9781685690274

To order this book, contact:
Artech House
us.artechhouse.com

Radio Frequency Machine Learning: A Practical Deep Learning
Perspective goes beyond general introductions to deep learning,
offering a focused exploration of how modern deep learning
techniques can be applied directly to radio frequency (RF) challenges.

) Covers a wide range of applications, including classification tasks
where deep learning is used to label and categorize signals based on a
labeled training dataset, as well as clustering tasks that group similar

signals together without labels.

) Investigates advanced topics like RF sensor control, feedback
mechanisms, and real-time system operations, offering a
comprehensive understanding of how deep learning can be integrated

into dynamic RF environments.

) Addresses the practical concerns of deploying machine learning in

operational RF systems.

) Explores emerging trends like edge computing and federated
learning, offering a forward-looking perspective on the continued

evolution of RF machine learning.

Whether the reader is just beginning the journey into RF machine
learning or is looking to refine skKills, this book provides an essential
resource for understanding the intersection of deep learning and RF
technology. This is a must-have resource for anyone interested in the
cutting edge of wireless technologies and their potential to shape the

future of commmunication.

ARTECH HOUSE

BOSTON|LONDON

To Ieérn:m{dr'
https://us.artec
https://uk.artechh
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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

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

+ Integrity - EMC/EMI Journal“
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0.01 TO 10 GHz

MMIC PA's
up to 3W

Linear Power Delivery & High Gain

PMA5-123-3W+ PMA5-83-2W+

8-12 GHz 0.01-10GHz
28.3 dB gain NF, 3.9dB

+35.7 dBm PSAT P1dB, 31 dBm
30% PAE P, ¥33 dBm
Integrated OIP3, +40.9 dBm

Power Detector

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
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NXP Semiconductor: Bringing Bright Minds Together

XP was founded in 2006, leveraging decades of

experience in semiconductors under the Philips

name. In the nearly 20 years since they spun
off, NXP has become a prominent name and innovator in
healthcare, wearables, automotive, avionics and autono-
mous home technologies. NXF has grown and expanded
into these industries through partnerships, mergers and
acquisitions. One key merger took place in 2015 when
NXF and Freescale merged and became the world's fourth-
largest semiconductor company and largest automotive
supplier. Four years later, NXP acquired Marvell's Wi-Fi
connectivity business unit. In addition to these mergers
and acquisitions, NXP has opened a variety of labs around
the world, including the AloT Applications Innovation Cen-
ter in Tianjin, China, focused on driving innovation across
smart city, smart mobility and smart home applications.
In 2020, NXF opened a GaN fab in Arizona and in 2024,
NXP opened its new Smart Home Innovation Lab in Austin,
Texas. Today, NXF is present in over 30 countries and
employs more than 23,000 people.

The Smart Home Innovation Lab demonstrates NXF's
dedication to autonomous home technology design and
testing. It is built to resemble a modern, active household,
complete with a bedroom, kitchen, media room, home gym
and garage. This desigh enables NXP to more efficiently
pursue collaboration with industry and accurate, timely
testing. The lab is over 5,200 square feet and employs
nearly 30 system engineers. In addition to the dedicated
rooms, the lab has fully equipped engineering benches and

a showcase of finished projects to spark creative ideation.

In addition to enhancing comfort and style, the Smart
Home Innovation Lab prompts engineers to enhance
safety, security and ease of use. For example, it provides
a space to test voice control in noisy areas and energy ef-
ficiency during standard household use. Two key features
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of NXP's smart home product family are ultra-wideband
(UWB)-enabled chipset “anchors” designed to track for
precise location, and edge-based intelligence, includ-

ing data processing, privacy and security. The NXP UWB
sensors enable precise tracking of a device throughout

a home. As the device, such as a phone or smart watch,
moves throughout the home, it is tracked by the UWB sen-
sor/anchor to prompt changes such as turning lights on

or off and thermostats up or down. NXP can enable preset
features, such as closing a valve when a sensor detects a
water leak; however, presets are not mandatory. As users
move throughout the house, the system detects patterns
for each individual and applies them to automatically meet
their needs. These options enable a safe and comfortable
home with true customization.

Some common concerns with autonomous homes are
bandwidth, data privacy and connectivity challenges, such
as internet outages. NXF's localized devices eliminate those
concerns by removing the dependency on the cloud con-
nection. Information is no longer reliant on cloud access;
the information is directly processed and managed on the
edge. In addition to maintaining operability through internet
outages, the disconnection from the cloud increases safety
by making autonomous homes less susceptible to security
breaches and protects the users data.

The Smart Home Innovation Lab is a new, exciting addi-
tion to the NXP portfolio; however, it is only a sliver of their
capabilities and industries. NXP continues to be a trusted
partner for innovative solutions — including microcon-
trollers, processors, sensors and connectivity solutions
- in the automotive, industrial & loT, mobile and commu-
nications infrastructure markets. NXF's core belief that
we are brighter together is omnipresent in their innovative
team, advanced facilities and close partnerships.
WWW.I’IXP.COI’H
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Low-Profile Quad-Band
AMC-Backed Antenna for Gain
Enhancement

Z. Mordi, University Blida-1, Institute of Aeronautics and Spatial Studies, Aeronautical Science
Laboratory, Blida, Algeria

Z. Hamouda, High School of Aeronautical Techniques, Algiers, Algeria
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M. Lagha, University Blida-1, Institute of Aeronautics and Spatial Studies, Aeronautical Science
Laboratory, Blida, Algeria

T. Lasri, University of Lille, IEMN Lille, France

low-profile quad-band coplanar

waveguide (CPW)-fed antenna

backed by an artificial magnetic

conductor (AMC) is suitable for
various applications, including WLAN, Blue-
tooth, WiMAX and satellite communications.
The initial design is a rectangular slotted
quad-band antenna, which features a low
gain across all frequency bands of interest.
To enhance performance, a circular AMC
ring with four zero-phases of the reflection
coefficient is added as a reflector. AMC in-
corporation results in a gain improvement
of 4, 5.3, 5.1 and 4.7 dBi in the four bands
of interest centered at 2.5, 3.5, 5.4 and 7.7
GHz, respectively. Measurements agree
closely with simulation.

Planar antennas are widely used in mod-
ern electronic applications, where com-
pactness, cost-effectiveness and high per-
formance are critical considerations. These
antennas play a key role in various fields,
including wireless communication,’ medical
devices? and telecommunications.3

Among planar antennas, multi-band de-
signs are particularly advantageous due to
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their ability to operate across multiple fre-
quency bands, supporting diverse function-
alities. Compared to wideband antennas,
which require more complex structures to
maintain consistent performance across a
broad frequency range, multi-band anten-
nas are often simpler in design. This simplic-
ity facilitates the manufacturing process and
can potentially reduce costs. Moreover, they
are designed to operate within specific fre-
quency bands, minimizing the risk of outside
interference.

While planar antennas are recognized for
versatility and affordability, they are limited
by narrow bandwidth, moderate gain and
surface wave issues. Utilizing metamaterials
presents a promising approach to address-
ing these limitations and enhancing perfor-
mance.

Metamaterials are engineered materials
that exhibit properties not found in nature.*
Their unique characteristics arise from their
structures rather than their compositions,®
allowing them to control electromagnetic
waves in unique and advanced ways.® Fre-
quency selective surfaces (FSS),’ electro-
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(a) Feeder (CPW)

Teflon Vias

Radiating Element

A Fig. 1 AMC-backed antenna: (a) antenna top view, (b) AMC unit cell and (c) integrated structure. Dimensions are in mm.
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A Fig. 2 Simulation: (a) reflection coefficient magnitude (b) reflection coefficient phase and (c) realized gain.

magnetic band gap (EBG) struc-
tures’011 and AMCs'213 are ex-
amples of metamaterials that have
demonstrated the ability to enhance
antenna performance in terms of
directivity, gain, impedance, band-
width and efficiency.

Achieving high gain is a crucial
factor in many situations where
long-range communications, signal
quality and efficiency are priorities.
Particularly, wireless applications
such as antennas for mobile satellite
communication systems'# and Wi-
Fi networks (IEEE Std 802.11-2020)
demand high gain to meet perfor-
mance requirements.

To meet this demand, the quad-
band, low-profile, CPW-fed, slotted
rectangular AMC-backed antenna
described in this work operates
across frequency bands centered
at 2.5, 3.5, 5.4 and 7.7 GHz, mak-
ing it suitable for WLAN, Bluetooth,
WIMAX and satellite communica-
tions.
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DESIGN AND ANALYSIS

Figure 1 shows the AMC-backed
antenna structure. The radiating el-
ement (see Figure 1a) is rectangu-
lar and features slots designed to
achieve quad-band performance.
The antenna is mounted on a 32
x 30 mm (0.26 x 0.25 Ay) FR4 sub-
strate, where A\ represents the free-
space wavelength corresponding to
the lowest operating frequency. The
substrate has a thickness (h;) of 1.6
mm, a relative permittivity (¢,) of 4.5
and a loss tangent of 0.002. The
antenna is fed via a coplanar wave-
guide (CPW), as shown in Figure 1a.

The AMC unit cell, as seen in
Figure 1b, is characterized by four
circular rings and serves as a funda-
mental component of the design. A
3 x 3 AMC array of these unit cells
serves as a reflector, positioned be-
neath the antenna to improve its
gain. AMCs are known as high im-
pedance surfaces (HIS)!> that can
mimic perfect magnetic conductors

(PMCs) within a certain frequency
range.® Figure 1c shows the AMC
array integrated with the antenna.

Simulated performance is shown
in Figure 2. Antenna |S;;| with and
without the AMC array (see Figure
2a) indicates quad-band behavior.
The reflection phase simulation (see
Figure 2b) exhibits four zero-phase
transitions of the reflection coeffi-
cient. Realized gain (see Figure 2¢)
is simulated at boresight. All simu-
lations are performed using CST
Studio Suite software. The antenna
gain simulation highlights the gain
enhancement achieved by integrat-
ing the AMC array. Specifically, gain
is improved by 4.8, 5.6, 6.1 and 5
dBi at 2.5, 3.5, 5.4 and 7.7 GHz, re-
spectively.

PARAMETRIC STUDIES

Figure 3 summarizes parametric
studies used to optimize the anten-
na structure. The parameter Lg (see
Figure 1a) is critical to the antenna’s
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A Fig. 4 Parametric study of AMC reflection phase for unit cells with different radius
values: (a) Ry, (b) R3, (c) Rg and (d) R4 through Rg. Dimensions are in mm.

performance. Figure 3a and Figure
3b show the effects of Lg on reflec-
tion coefficient and realized gain,
respectively. As Lg increases but re-
mains below 14 mm, a good imped-
ance match is achieved, particularly
in the third band. A similar trend is
noted for gain. After optimization,
Lg = 12 mm is chosen to achieve the
desired performance.

The AMC unit cell is optimized as
well (see Figure 4). Initially, a sim-
ple circular ring patch is designed,
exhibiting a zero-reflection phase
at 2.5 GHz. To achieve quad-band
behavior, additional rings are incre-
mentally incorporated, each achiev-
ing the desired zero-reflection
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phase at a specific frequency.
Additional parametric studies
are conducted after integrating the
AMC reflector behind the antenna.
The AMC array size significantly af-
fects both the antenna reflection co-
efficient and realized gain, as dem-
onstrated in Figure 5a and Figure
5b. The first two configurations fail
to achieve an acceptable |S;4| in the
first frequency band. Optimal im-
pedance matching is achieved with
the 3 x 3 and 4 x 4 AMC unit cell
configurations.  Similarly, realized
gain for the first two configurations
(2 x 2and 2 x 3) is lower than that of
the 3 x 3 and 4 x 4 configurations,
which are nearly identical. Based on
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A Fig. 5 Parametric studies of AMC
array size: (a) |S14] and (b) realized gain.

matching, gain and overall dimen-
sions, 3 x 3 is chosen as the optimal
array size.

The separation distance (h,) be-
tween the antenna and the AMC
structure, as seen in Figure 6, also
affects the performance of the
AMC-backed antenna. Increasing
h, decreases|S;,|, particularly in the
second frequency band. However,
this improvement does not extend
to gain (see Figure 6b), especially in
the highest frequency band, where
increasing h, leads to a decrease
in gain. After analyzing the results,
an air gap of h, = 9 mm is selected
to maintain a low-profile structure
while optimizing performance. No-
tably, 9 mm corresponds to 0.075
Ao, which is significantly smaller
than the typical 0.25 Ny (30 mm) for
a perfect electric conductor (PEC)
reflector.

Figure 7 shows |S;4| and realized
gain for different values of the angle
&. The angle ¢ has no effect on the
performance of the proposed pro-
totype and is, therefore, chosen to
be 0 degrees.

RESULTS AND DISCUSSION
The fabricated AMC-backed
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(a) ' (b)

A Fig. 8 Fabricated AMC-backed antenna: (a) assembly, (b) AMC reflector front side

and (c) AMC reflector back side.

antenna (see Figure 8) is tested in
an anechoic chamber using an A.
H. Systems SAS-200/571 standard
gain horn antenna and an Agilent
PNA-X series N5242A network ana-
lyzer covering a frequency range of
10 MHz to 26.5 GHz. Teflon fixing
screws are added to the structure to
ensure stability during the measure-
ment. These screws are strategically
placed in the middle of the structure
to avoid contact with the AMC cells,
preventing any interference or at-
tenuation.

Figure 9 shows [S;;| of the
quad-band antenna without (see
Figure 9a) and with (see Figure 9b)
the AMC back plane, respectively.
Without the AMC, the antenna per-
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forms effectively across the four fre-
quency bands where [S;4| < -10 dB
from 2.42 to 2.61, 3.08 to 4.4, 5.2
to 6.2 and 7.3 to 8.17 GHz, with a
minimum less than -15 dB in all fre-
quency bands.

With the AMC reflector (see Fig-
ure 9b), the antenna demonstrates
quad-band operation that not only
confirms but surpasses the simula-
tion results. The simulated band-
widths are 2.43 to 2.62, 3.23 to 3.84,
5to0 5.84 and 7.39 to 8.03 GHz, while
the measured bandwidths are 2.39
to 2.6, 3.17 to 4.51, 4.84 to 5.5 and
7.25 to 8.38 GHz. The slight devia-
tion observed in the frequency bands
is attributed to fabrication tolerances

(b)

A Fig. 9 Antenna |S4|: (a) without AMC
reflector and (b) with AMC reflector.

A Fig. 10 Antenna radiation patterns at
2.5 GHz: (a) E-plane and (b) H-plane.
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A Fig. 11 Antenna radiation patterns at
3.5 GHaz: (a) E-plane and (b) H-plane.

and assembly techniques. Note that
the measured bandwidths cover the
entire simulated bandwidths in three
of the four bands. Only the third fre-
quency band is slightly shifted to-
ward lower frequencies when com-
pared to the simulation.

Figure 10 through Figure 13
are simulated and measured E- and
H-plane radiation patterns at the
four operational frequencies: 2.5,
3.5, 5.4 and 7.7 GHz. There is close
agreement between simulation and
measurement, with minor devia-
tions due to manufacturing and sol-
dering imperfections. Moreover, the
performance improves with increas-
ing frequency. The radiation pat-
terns exhibit a directional nature in
both simulation and measurement,
attributed to integration with the
AMC surface.

Realized gain measured at sev-
eral operational frequencies with and
without the AMC reflector is shown in
Figure 14. Even if a slight difference
of up to 1 dBi is observed, a strong
correlation is clearly demonstrated
between measurement and simula-
tion. The measured results of the an-
tenna with the AMC reflector show
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A Fig. 12 Antenna radiation patterns at
5.4 GHz: (a) E-plane and (b) H-plane.

gain enhancements of 4, 5.3, 5.1 and
4.7 dBiat 2.5, 3.5, 5.4, and 7.7 GHz,
respectively, confirming that the AMC
reflector performs effectively with the
quad-band antenna.

Table 1 shows a comparison with
other recent work. Note that this
design demonstrates several advan-
tages, particularly in terms of size
and performance. It has a compact
size 0f 0.46 x 0.46 x 0.11 \g, which is
smaller or comparable to the major-
ity of the designs listed in the table.
Despite its smaller size, it supports
multi-band  operation  covering
several key bands, including ISM,
WLAN, Bluetooth, WIMAX and sat-
ellite communications, which makes
it highly competitive compared to
other designs. Furthermore, the use
of FR4 as substrate material offers a
distinct economic advantage com-
pared to felt'? and polyimide?! that
have flexibility but at a substantially
higher cost. Moreover, it achieves a
gain enhancement of 5.3 dB, higher
than several of the designs listed.

Although its maximum gain of 7.1
dBi is not the highest among the de-
signs listed, the AMC-backed anten-
na offers a balance of compactness,

A Fig. 13 Antenna radiation patterns at
7.7 GHz: (a) E-plane and (b) H-plane.
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A Fig. 14 Antenna simulated and
measured realized gain with and without
the AMC reflector.

cost-efficiency, multi-band operation
and enhanced gain. These factors
make it a better choice for multi-
band applications, particularly in
scenarios where space, cost and per-
formance are critical considerations.

CONCLUSION

This article describes a low-profile
quad-band antenna backed by an
AMC reflector. The design process
starts with the development of the
quad-band antenna, which exhibits
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TABLE 1
COMPARISON WITH OTHER WORK

Size Bandwidth Maximum LIl
Reference Substrate Gain (dB) Enhancement
(\o X No X o) (GHz) (dBi) (dBi)

17 0.58 x 0.58 x 0.16 FR4 3.1t0 3.7 55 3.8
2.36 to 2.51 33 5.4

18 0.62 x 0.62 x 0.10 FR4
5.03t0 6.12 7.4 4.3
2.07 to 3.23 6.8 4.3

19 0.83 x 0.83 x 0.062 Felt
5.23t0 6.13 3.9 0.8
2.4 t0 2.484 3.9 54
20 0.67 x 0.67 x 0.10 FR4 3.4to0 3.5 5.5 4.5
5.15t0 5.825 2.6 0.8
1.34 to 1.67 6.1 3.4
21 0.62 x 0.77 x 0.04 Polyimide 2.33 to 2.47 54 1.8
3.55t0 3.7 7.5 4
2.19to0 2.54 7.2 4.7
3.06 to 5.25 8 5.4

22 0.77 x 0.82 x 0.17 FR4
6.43 to 6.96 7.4 4.4
7.71 to 8.29 7.5 3.9
2.39to 2.6 52 4
3.17 to 4.51 7.1 53

This Work | 0.46 x 0.46 x 0.11 FR4
484 to 5.5 53 5.1
7.25t0 8.38 55 4.7

a low gain (< 2 dBi) across the four ——
References

frequency bands. To enhance the
gain, an AMC is placed behind the
antenna to function as a reflector.

Measurements confirm quad-
band behavior, with enhanced gains
of 4,5.3, 5.1 and 4.7 dBi at the four
operational frequencies, respective-
ly. These results highlight the per-
formance improvements provided
by the AMC reflector and demon-
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simulation and measurement.

This AMC-backed antenna is
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gain, multi-band operation and low-
profile, making it an excellent can-
didate for multi-band applications,
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Specifically, it is suitable for WLAN,
Bluetooth and WiMAX applications
thanks to its operation across the
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tary and satellite communication in
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A Dual-Band Doherty Power
Amplifier with an Enhanced
Back-Off Range

Yuezhi Wu, Guohua Liu and Huabang Zhong

School of Electronics and Information, Hangzhou Dianzi University, Hangzhou, China

his article presents a design meth-

od for a dual-band Doherty power

amplifier (DPA) with a large back-off

range. The method uses a compos-
ite right-/left-handed (CRLH) transmission
line structure. Using the phase nonlinearity
of a CRLH transmission line, the phase shift
of two frequency points can be realized.
CRLH transmission lines are used for the
phase compensation structure of the peak
power amplifier (PA) to achieve accurate
phase control and a large frequency ratio.
The drain termination of the peak PA is kept
infinite at the back-off point and the back-off
range is improved.

With the development of modern com-
munication technology, more complex mod-
ulation methods are gradually increasing the
signal’s peak-to-average power ratio (PAPR),
requiring the PA to maintain high efficiency
over a wide dynamic range.! The drain ef-
ficiency of a traditional RF PA declines ex-
ponentially in its back-off range.2 To satisfy
communication requirements, efficiency in
the power back-off range must be improved.
The DPA maintains a high efficiency at the
output back-off (OBO) level and has been
widely used.3 However, the traditional DPA
back-off range and linearity are limited be-
cause the drain termination of the peak PA

MW]JOURNAL.COM m AUGUST 2025

cannot satisfy the absolute open condition.4
Achieving dual-band operation for a large
frequency ratio is also challenging.®

CRLH transmission lines enable greater
design freedom for dual-band circuits. CRLH
transmission lines have been used to design
a phase compensation line in a dual-band
DPA to digitally control the phase of the
main and auxiliary amplifiers® A DPA based
on E-CRLH transmission lines with improved
adjacent channel power ratio) and efticiency
was proposed by Keshavarz et al.” However,
the multi-octave design of dual-band PAs still
has some problems. The design described
in this article employs a CRLH transmission
line phase shifter to adjust the drain termina-
tion of the peak PA to the open condition at
low power with a large frequency ratio.

THEORETICAL ANALYSIS AND DESIGN

Compared with the traditional DPA, the
asymmetrical DPA uses a higher power peak
PA to address the insufficient output current
and poor load modulation effect of the peak
PA at saturation.8-10 However, because the
carrier and peak PAs have different satura-
tion powers, the optimal termination imped-
ance must be changed according to tradi-
tional theory. The design parameters of a
DPA are given by Equation 1 through Equa-
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tion 3:
2_1-B
a B (1
Rt = aRopt 2)
0[2
RL= WRopt 3)
Where:

B is a given back-off level related
to back-off level X, in dB, as X = -20
log(B).112 For example, B = 0.33
for 9.54 dB back-off

& = |lppaxl/|lcmax] @nd it is the ratio
of peak PA current to carrier PA cur-
rent at peak output power

R, is the optimum output im-
pedance of the devices

Rr is the characteristic imped-
ance of the impedance inverters in
the load combiner network

R, is the combined point imped-
ance

In this design, the power divider
is an asymmetric structure that en-
ables the carrier PA and the peak PA
to reach saturation with the same
input power. Based on the CRLH
transmission line, the phase shifter
adjusts the S,, phase of the peak
circuit to the open condition. A
CRLH is added to the peak circuit as
a phase compensation line to match
the phase between the carrier circuit
and the peak circuit at the junction
point. The dual-band DPA is de-
signed to operate in the 0.7 to 0.8
GHz and 2.6 to 2.8 GHz frequency
bands with a back-off level of 11 dB
and a large frequency ratio.

Composite CRLH Transmission Line
Theory

A dual-band device can work at
two different frequencies, w; and
.13 A multi-frequency device
composed of multiple microstrip
lines has the same displacement at
two arbitrary frequency points: @,
= -B4/ and ®, = -B,/, where [ is the
electrical length of the multi-seg-
ment transmission line. The disper-

o BrZe BuZa___
r TR 1
1 1

| LAz I ic/bz |
! 72%a" [T [
T T 1T ]
I [ ]
1 o 1
i Crdz = | 1 LAz ]
. » !
[} [ I
T T 1

__________________________

A Fig. 1 Simplified equivalent circuit
model of an ideal CRLH transmission line.
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sion relation of the dual-band de-
vice should satisfy Equation 4 and
Equation 5:

Blwr) = B (4)
B(w2) = p2 (5)

Where B4, B, and w4, w, are arbi-
trary values.

The equivalent circuit model of
an ideal balanced CRLH transmis-
sion line is shown in Figure 1, where
the propagation constants of the
lossless right-handed transmission
line and the left-handed transmis-
sion line are given in Equation 6
and Equation 7:

_ 1
ST ©

Br=-VyLRCR (7)

Where C'g, L's, C'; and L' are the
distributed capacitance and induc-
tance per unit length.

In the balanced case, the propa-
gation constant of an ideal CRLH
transmission line can be expressed
as the direct addition of the propa-
gation constants of the left-handed
and right-handed lines. Its charac-
teristic impedance is the same as
the separate left-handed and right-
handed lines. They are shown in
Equation 8 and Equation 9:

B=6R+BL =
4 7 1
wy LRCR" wm (8)

criH _ /LR /L1
Z ==V @)

If the CRLH transmission line
matches the port impedance and
the phase shift of the first frequency,
Equation 10 and Equation 11 must
be satisfied:

ZRH _ 7, (10)
B (0 = w1) = B (11)

Equations 9, 10 and 11 are three
independent equations containing
unknown variables C', L's, C';, L',
which increases the design free-
dom. Therefore, the second fre-
quency is satisfied easily and the
frequency ratio is extended widely.
The parameters of the CRLH trans-
mission line are given in Equation
12 through Equation 15:
_ Zi6B2- 1 (w1/w2)8

Lk =
R w2 ~(w1/w2)*A

(12)

Ch = B2-B1(wi/w2)
Ziw211 - (w1/w2 A
Z:11 - (w1/w2 A
w16B2(w1/w2) - B0
Cl— 1-(wi/w2 )
Zrw16B2(w1/w2)- 10

The previous discussion is based
on an ideal CRLH transmission line.
An LC ladder network is typically
used to construct a composite left-/
right-handed transmission line in
practical applications. The complex
LC network can be equivalent to
the ideal CRLH transmission line.
A CRLH transmission line with a
physical length I, composed of N
structural units of length p, has | =
Np. Since the phase shift of each
unit structure is A®, the total phase
shift of N unit structures is ® = NAD.
With B = -®/I, the relationships in
Equation 16 and Equation 17 are
obtained:

Lr = Lrp, LL= Li/p (16)
Cr=Ckp CL=Cl/p (17)

It is necessary to consider the
inductance and capacitance of the
LC component of the dual-band
phase-shifted CRLH transmission
line. The relation B; = -®/(Np), (i = 1,
2) and Equations 16 and 17 are in-
troduced into Equation 12 through
Equation 15. The parameters of the
dual-band CRLH transmission line
are given in Equation 18 through
Equation 21:

_ Zibp1 (wi1/w2)- P2l

Nw271 - (w1 /w2 A
b1 (w1/w2)- P2
Cr = >
NZiw211 - (w1/w2)°A
2
[ = NZ:71 - (w1/w2)A 20)
w1 1p1-d2(wr/w2) A
3 NT1 -(w1/w2 A
T Ztw1601 - P2 (w1/w2)l

A symmetrical structure is ad-
opted to obtain the same input
and output impedance of the CRLH
transmission network. This is done
by determining the impedance
and phase of the right-handed line
based on Equations 8 and 10, then
converting it into a traditional mi-
crostrip line, as shown in Figure 2.

(13)

LL =

(14)

(15)

(18)

(19)

CL 21

Phase Shifter Design
For the center frequency points
of the two operational bands, phase
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Lo

___________________________

the open condition
can be 64 = 63 de-
grees or 0, = -297
degrees at 0.75
GHz. For 2.7 GHz,
the phase shift can

RH-TL

be 0H1 = -130 de'
grees or 0, = 230
degrees.
Theoretically, a
phase pair consist-
ing of one phase
for each frequency

RH-TL

A Fig. 2 CRLH circuit model.

point can meet the

1.0j

0.2}
Y 2.6 GHz

design require-
ments. Due to de-
sign limitations like
bandwidth, the
position of the two
cut-off frequencies
and the existing
chip capacitors, 6,
= 63 degrees and
0y = -130 degrees,

1.0j

S22 Aux: with Phase Shifter at 2.6-2.8 GHz

S22 Aux: without Phase Shifter at 0.7-0.8 GHz
S22 Aux: without Phase Shifter at 2.6-2.8 GHz

are selected and
converted into a

phase pair (&, Py

-0.2j

-1.0j

= (7w/20,-13m/18).
To guarantee the
gain and efficiency
of the peak PA in
the two bands, the
designed  phase
shifter must pro-
vide the same im-

A Fig. 3 Peak power amplifier S,,.

shifts with complementary absolute
values are required to adjust the
phase of S,, to the open condition.
The S,, phase of the peak PA is
shown in Figure 3. The phase shift
required to adjust the S,, phase to

pedance at the two
operational  fre-
quencies.

To adjust the S,,
phase response of the peak PA to
the open condition, phase shifts of
63 and -130 degrees at 0.75 GHz
and 2.7 GHz, respectively, must be
achieved. The characteristic imped-
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________

LT 120 G chL___T_Lﬂ:e—l
TL3 Zout

________

A Fig. 4 CRLH transmission line
structure.

ances provided in the operating
bands are both 50 Q so that the
phase shifter at the output of the
peak PA maintains the open condi-
tion without disturbing the optimal
load condition at the output. Only
the double unit structure with N =
2 is used to reduce the size of the
phase shifter.

Finally, bringing (®, @) = (77/20,
-13w/18), Z, = 50 Q and N=2 into
Equations 18 through 21 yields: L =
4.19 nH, Cg = 1.68 pF, L, = 10.2 nH
and C = 4.09 pF. The right-handed
line parameters are converted into a
right-handed transmission line (RH-
TL), as described previously and
the left-handed line parameters are
converted into distributed parame-
ters due to the low self-resonant fre-
quency of the lumped inductance.
The structure of the CRLH transmis-
sion line is shown in Figure 4.

FABRICATION AND
MEASUREMENT

ADS software has been used for
circuit simulation. The carrier PA is a
Cree CGH40010F and the peak PA
is a Cree CGH40025F. The DPA is
implemented on Rogers 4350B (g,
= 3.66, h = 0.762 mm). Gate biases
are -2.8 V for the carrier PA and -6
V for the peak PA, corresponding to
Class AB and Class C modes. The

1/9.5

Vcg

1/9.5

10 Ohm

Vpg [c1a]cis [c1s Wldth/Length

1

To02/138 !
16/408:

I

4

(mm/mm)

Jc18 Jc19 Je2o

1/10.8

1/10.8

c9lc1olc11l

Ved

1.2/1 1.3/3.3 0.9/17.4 1.4/17.4

3.6/16.4

c12

1.4/17.4

2.2/20

2.3/9.4

Vpd

2.4/20

A Fig. 5 DPA circuit schematic.
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drain voltage biases of the carrier
and peak PAs are slightly adjusted
and setat 22 V and 32V, respective-
ly. The complete circuit schematic is
shown in Figure 5. A photo of the

prototype DPA is shown in Figure 6.
Measured  S-parameters  are
shown in Figure 7. In the 0.7 to 0.8
GHz band, |S,,| is between 16.5 dB
and 18 dB. Correspondingly, |S11| is
less than -15.3 d

A Fig. 6 Photo of the prototype DPA.

In the 2.6 to 2.8
GHz band, |Sy] is
between 11.7 dB
and 13 dB, while
4 |Sq4] is less than
-6.5 dB.

Large signal
measurements
were made using
a CW input. Simu-

lated and mea-
30 sured results are plotted in Figure
. m:zzz:g:gﬂl | 8. The DPA delivers 43.4 to 44.8
. {‘\ = dBm saturated output power with a
g 10 A\ saturated drain efficiency of 55.9 to
§ o / \ / \ 63.8 percent in the 2.6 to 2.8 GHz
& Y\ [\,—/'\ band, while the gain is between 8.4
“_10 / M'\/\ and 9.8 dB. The drain efficiency at
50 \/ 6 dB OBO is 46.5 to 48.3 percent
v and at 11 dB OBO, it is 41.5 to 47.6
300609 12 15 1.8 21 24 27 3.0 percent. In the 0.7 to 0.8 GHz band,
Frequency (GHz) the DPA delivers a saturated output
power of 44.3 to 45.9 dBm with a
A Fig. 7 Measured S-parameters. saturated drain efficiency of 59.3 to
80 14 68.4 percent, while
& 70|Mea o8 Smos 13| M 396 s 5o G the gain is between
3 60 Mea. 2.8 GHz ~ | 12 Mea. 2.8 GHz 9.2 and 10.9 dB
g 50 ,},/ 8 N———x_— 't The drain efficiency
£ % 'S ~ | | is 41.5 to 55.9 per-
£ 20 (G — 7 cent at 6 dB OBO
8 10— 7 \_/ ‘ and 50.3 to 50.5
%0 25 30 35 40 45 % 25 30 35 40 a5 | percent at 11 dB
@ Output Power (dBm) ) Output Power (dBm) OBO

Figures 8e and
< 70 18 ———— 8f show the adja-
< 60 A\ [/ N\ M, 03 GHz cent channel leak-
S o ~—~~H o 16 “oici | | age ratio (ACLR) of
ke /’\/ e the DPA driven by a

£ 40 = Y
't a0l mea.07Gre] [ |3 122&/\\ 10 MHz LTE signal
8 2l 7 sim 0.7 6t || 10 N\ with a PAPR of 6.6
28 32 36 40 44 48| ©25 32 36 40 41 I8 dZE;‘ SB'S '.owtehr thzag

© Output Power (dBm) ) Output Power (dBm) - c in the .
to 2.8 GHz band
-10 -10 and lower than
o515 A—15—m -20 dBc in the 0.7
@ -20 3 ‘gg <= to E.SdGHz| band.
x 25 -~ x N\ Wit igital pre-
2 -30 7 N\ S :2(5) =\ distortion (DFP)D),
=35 40 \ the ACLR is lower
0360 2465 270 275 280 065 070 075 080 05 | than -46.9 dBcand
Frequency (GHz) Frequency (GHz) -48.8 dBc at 2.7
(e) ) GHz and 0.75 GHz,

A Fig. 8 (a) Simulated and measured drain efficiency from 2.6
to 2.8 GHz. (b) Gain from 2.6 to 2.8 GHz. (c) Drain efficiency
from 0.7 to 0.8 GHz. (d) Gain from 0.7 to 0.8 GHz. (e) ACLR
from 2.6 to 2.8 GHz. (f) ACLR from 0.65 to 0.85 GHz.
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respectively. These
results are shown in
Figure 9.

The measured

o

|
N
o

Without DPD

|
B
[<)

-60

Normalized Power Spectrum (dB)

With DPD
] ] ]
2.68 2.69 2.70 2.71 2.72
@ Frequency (GHz)
53 0
€
2
§ 201 —
folt Without DPD
)
[
8 -40
o
el
I
= N
E .
13 With DPD
Zo ] ] ]
0.73 0.74 0.75 0.76 0.77

Frequency (GHz)

(b) dueney

A Fig. 9 (a) Output spectrum of the
prototype DPA with a 10 MHz LTE signal
at 2.7 GHz. (b) Output spectrum of the
prototype DPA with a 10 MHz LTE signal
0.75 GHz.

results are consistent with the simu-
lation. The main differences are that
the measured results have a higher
back-off efficiency at 0.7 GHz and a
reduced overall circuit gain, which is
attributed to loss in the microstrip.
Table 1 compares this work with
other work. Note that this work has
more widely extended frequency
bands (f,/f1 = 3.6) than the others.
Higher back-off has been achieved
under the premise of the two-way
structure. This dual-band PA consid-
ers drain efficiency and OBO, which
balances the two bands well.

CONCLUSION

A back-off enhanced dual-band
DPA has been demonstrated. Add-
ing a dual-band phase shifter to the
auxiliary PA output circuit keeps the
output phase response near the
open circuit condition, improving
the back-off range. Compared with
other reported work, a dual-band
DPA prototype with a large frequen-
cy ratio achieves a good compro-
mise between efficiency and OBO.
This design may be helpful in 5G
communication applications with
high PAPR signals.
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TABLE 1
DPA PERFORMANCE COMPARISON
Freq. OBO Pgsar DEgur Freq.
Reference 1)) Type (dB)  (dBm) %)  DEso(%) atio
5 14s35 | Puatband | o 1o 500 | 7068 | 55/55.1 25
(2-way)
6 18723 |Puatband | o\ o aimo g | sae2 | asm2s | 13
(2-way)
2010 2.2
14 Dual-band | 48/47.5 | 72/63 46/41 1.64
33t036 | Gway)
15 161019 | Duakband |4 46 78.3 463 .
(2-way)
16 15720 | DPuakband |6 1 35 4/344 | 828/70 | 6667284 1.3
(3-way)
17 26/35 | Pualband [+ 43 MBto | 494650 | 135
(3-way) 56
0.7t00.8
TW Duakband | 41 | 459/a0.8 | e8/e3 | 505476 | 36
261028 | (@way)
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