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Advancing RF MMIC 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.

BRNHVMVW5SER

[RE[GaASIMMIC{DCZ67GHZ

P

P1dB vs. Frequency

Voltage
(vDC)

PN Freq Low (GHz) Freq High (GHz) Gain (dB) NF(dB) | P1dB (dBm) ‘ Current (mA) Package.

MMwoolT, DC | 200 | 17719 | 1985 |[23@10GHz| '8 15 | die

MMWA4FP DC | 5000 | 1600 | 400 | 2400 | 10 | 200 | die
MMWS07 020 | 220 140 | a4-6 | 280 | 100 350 | die
MMWS08  ©DC | 300 | 140 [25d8@15GHz 245 | 100 | 200 | die
MMWS509  30KHz | ] [ 150 | | |60 | 190 | die
MMW510  DC | 450 | | a5

MMWS510F oc_ | { | 2000 | 250 |
MMW511 004 | ] o | 90
MMWS512 oc | | 100 | so0 |
MMWSFN oC | 67.00 ] 2.00
MMWSFP  DC 67.00 | 1400 | 400

MMWO011 DC 12.0

PN FreqLow (GHz) Freq High (GHz) Gain (dB)|  NF(dB) | P1dB (dBm) Voltage

MML040 | | | 15

_MMLOS8

MMLO63 [ 110 |

MMLO80 | 8, |16.5/155| 1 | 18/17.5 | | 65/40 | die
MMLO81 7 [ ' | 2523 | 100 | 16/95 | ) Y | die
MMLO83 : ] 230 1.6

PN  FreqLow (GHz) Freq High (GHz)| Gain (dB) NF(dB) P1dB (dBm)

MM3006 o | 200 | 195 | 25 | 220

MM3014 i | i | 150 | - | 195

MM3017T 170 | ] | 250 | | 220

MM3031T 200 | d | 200 | | 240 | [

MM3051 170 | g | 250 | - | 250 | : | 220 |
MM3058 1 20/195 | 2.5/23 | s/4 | e9fs2 |

MM3059 18.0 ) | 16/16 25/23 | 16/15 | 5/4 | 67/50 | die

SaNwrna @S

Voltage
. . (vDC)
MMP107 17.0 | 21.0 130 | 30.0 . 300 | 6.0 | 400 | die
MmP108 180 | 280 | 140 | 315 | 310 | 60 | 650 | die
MMP111 26.0 | 34.0 | 255 | 33.5 | 335 | 6.0 | 1300 | die
MMP112 20 | 60 | 200 | 315 | 320 | 80 | 365 | de
MMP501 20.0 | 44.0 150 | | 29-34 | 5.0 | 1200 | die
MMP502 18.0 47.0 14.0 i 5.0 1500 die

PN Freq Low (GHz)|Freq High (GHz)| Gain (dB)  P1dB (dBm) | Psat (dBm)

[
|Current (mA) Package

FREQUENCY(GHz)

L sales@millermmic.com
WWW.MILLERMMIC.COM >apidRF support@millermmic.com



ADVANCED TECHNOLOGY & NPT || P—
INNOVATIVE SOLUTIONS
FOR MISSION CRITICAL
APPLICATIONS

.

ISOLATORS & CIRCULATORS

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

—

FILTERS & MULTIPLEXERS MICROWAVE ANTENNA

CERAMIC, SINGLE POLARIZATION
CERAMIC WAVEGUIDE, DUAL POLARIZATION
CAVITY & DISCRETE 6 GHZ TO 80 GHZ

WIRELESS X
5 INFRASTRUCTURE
gy Y

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

% US Operations JQB‘IgEEggII.S%ECSé:ﬁM European Operations
- 1255 Armour Blvd., > g Via Palazetti, 22
Mundelein, IL 60060 — PR G O 40068 San Lazzaro di Savena BO
USA DA SALES@JQLTECHNOLOGIES.COM ITALY




UP TO 110 GHz

High-Frequency

Solutions

Amplifiers & Modules for mmWave Applications

WAVEGUIDE AMPLIFIERS

- Bandwidths from 40 to 110 GHz

- Low noise, high gain & medium power options
- WR10, WR12, WR15 & WR15 interfaces

- ldeal for TRP & TIS over-the-air testing

- Bandwidths from 50 kHz to 95 GHz

- 2.92,2.4,1.85 & 1.0mm connector options
- Gainup to 45 dB

- NFaslowas 1.7 dB

- Power up to 1W

- Bandwidths from 18 to 54 GHz

- Gainup to 50 dB

- Calibrated 17 dB attenuation with analog or TTL control
- PSAT up to +1W

- Interactive GUI with telemetry



More High-Frequency Modules

10 to 54 GHz

DC current up to 250mA
RF power up to +30 dBm
>30 dB isolation

Low insertion loss

LO/RF from 5 to 65 GHz
IF from DC to 20 GHz

Double-balanced and
I/Q designs

+15 dBm LO power
Excellent L-R isolation

0.1t043.5GHz
-35to +15 dBm
Single supply voltage
CW & RMS models

100 MHz to 50 GHz

0 to 31.5 dB attenuation
0.5 dB step size

6-bit parallel control
+50 dBm IIP3

Output from 10 to 40 GHz

Wide input power range spanning
+11 to +22 dBm

Low conversion loss
Excellent harmonic suppression

-
10 MHz to 67 GHz

45 dB isolation

Supports bi-directional use
All-off state available

Convenient digital snap-fit connector

JMini-Circuits



UHE L S, C BAND

RFLUPADTM22GA 2 ‘. 00 ] RFLUPRO2GOGGC
4wo.1-22m|1 st 100W 2-6GHZ

RFLUPAD218GB : RFLUPAO706GD
20W 1-196GHZ X 30W 0.7-66H2

RFLUPAOSGTIGA
S0W 8-11GHZ

RFLUPA18G47GC

IW18-§ RFLUPA27634GB

15W 21-34GH2

RFLUPAOG18GD
60W 6-18GHZ

RFLUPAOGG12GB
25W 6-12GHZ

RFLUPAATE53 W BFLUPA27634GE
10W 47-536H2 _ V&7 30W18-406H1

&

SYSTEM POWER AMPLIFIER

RAMPOOGOGGA-30W 0.01-6GHZ RAMP39G48GA- 4W 39-48GHI RAMPO1622GA-8W 1-22GH1 RAMP271G34GA-8W 27-34GHZ

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



SG.BLOCKS . Visit us

at IMS

SiPs: The Future
of RF System

Miniaturization

- Integration-ready system blocks
- — for high-performance, next-gen
P ' J. direct sampling
-~ + Software-definable performance

* Repeatable miniaturization expertise and processes

r L + Innovative material science and packaging technology
= —— / %= + Wideband and high frequency expertise

" * Integrated power management

« Low NRE

* Rapid turnaround time from concept to production

» Cost-effective—designed for volume

T

AT A%

SPECTRUM
CONTROL

SPECTRUM SPECTRUM

SPECTRUM
CONTROL CONTROL

CONTROL

Configurable Low Jitter Clock Source mmWave mmWave
RF Front End 4x 32 GHz source outputs UpConverter DownConverter
SiP filter bank platform plus clock management CH1 IN: 6.25-14.25 GHz CH1 IN: 18-26 GHz
'® CETET MEmuT for improved SNR
R N CH2 IN: 3-17 GHz CH2 IN: 26-40 GHz
dynamic range Additional low frequency
- 18- H1 OUT: 6.25-14.25 GH

IN: 2-18 GHz JESD outputs CH1 OUT: 18-26 GHz CH1 OU GHz

CH2 OUT: 26-40 GHz CH2 OUT: 3-17 GHz

OUT: 2 GHz IBW

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

AT

SPECTRUM
CONTROL .

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



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 WRI12 WRIO WR8 WRES WRS.] WR43 WR34 WR28 WR22 WRI5 WRI10
exceptional dynamic range and unmatched (GHz) 26-40  40-60 S50-75 6090 75110 90-140 110-170 140-220 170-260 220-330 260-400 330-500 500750 750-1,100
stability. Dynamic Range

(BW=10Hz, dB, typ) 120 120 120 120 120 120 120 120 115 115 100 110 100 a5

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

yield the same industry leading performance  magngyde Stabiity

as our original designs. The compact form (:dB) 015 0.15 0.10 0.10 0.10 0.15 025 025 03 03 05 05 0.4 05
factor and simplified poner supply make tflxem Phass Sk
the recommended solution for most applica- (.geq) 2 2 15 15 15 2 4 4 4 B 8 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.

b 979 2nd St. SE, Suite 309

J Charlottesville, VA 22902
434.297.3257

vadiodes.com



Quantic PMI

= Select from over 4,500+ available products online

H Ig h_RellabI llty = Eliminate Non-Recurring Engineering
Components & IMAS fees [NRE], long lead times, and reduce your

inventory burden

for Mission-Critical - Orders shipped same day

. . = Check stock easily using the “Buy Now" Button on
Ap pl|cat|0 ns the Quantic™ PMI website product specification

sheets or select from the available “Stock Items”

= Industry-leading customer & applications support

5 Sl SR

Solid State Detector Logarithmic Filters & Switch
Amplifiers Attenuators Video Amplifiers Filter Banks

1@} @ o

Frequency Phase Shifters &
Sources 1Q Vector Modulators Limiters Bi-Phase Modulators

fg —~ 1 E OB
-'.'ﬂ' _/\ B —@—‘@‘

Form, Fit, Functional Gain & Loss Integrated MIC/MMIC Miscellaneous
Products & Services Equalizers Assemblies (IMAs] Products

==h
SV e e
L .

Receiver Front Switch Switch SMT & QFN
Ends & Transceivers Filter Banks Matrices Products

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

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

Quantic

ELECTRONICS

f2

Frequency
Converters

Solid State
Switches

Monopulse
Comparators

x

Couplers (909 180°
& Directional)

Frequency
Discriminators & IFM

Detectors

<

Power Dividers/
Combiners

-

UsB
Products

Quantic PMI is a business of Quantic Electronics, an electronic component company focused on defining and delivering the future
of mission-critical electronics. Our portfolio of RF & Microwave, power and sensing businesses have over a century of combined
experience as reliable problem-solvers and trusted partners in military, aerospace, industrial and commercial markets.



May 2025

Vol. 68 * No. 5

IEEE MITT-S IMS Show Issue +
Satellite & Space
mwjournal.com

Cover Feature

24 Overcoming the Limitations of Modern
Signal and Spectrum Analyzers: A Look
into the Future
Wolfgang Wendler, Rohde & Schwarz

Special Reports

50 Bridging the Gap Between Theory and
Practice: Collaborating to Transform RF
Engineering Education
Pat Hindle, Microwave Journal

58 Enhancing MRI Technology: The Role of
PIN Diodes in Medical Imaging
Baljit Chandhoke, Microchip Technology Inc.

Time Travel 1 []5

20 Recognizing Heinrich Hertz at Kiel University s
Giacomo Giannetti, University of Florence and Ludger Klinkenbusch, Kiel University ATEI-I-ITE

& SPACE

108 Key Considerations for Space-Grade 148 Radiation-Tolerant MOSFETs
RF Coaxial Interconnects for the New Space Market
Peter McNeil, Pasternack, an Infinite Brand Infineon IR HiRel

120 Agility and Smart Sourcing Drive New 152 The Fusion of SDR and SoC

Space Frontier Success Technologies Revolutionizes RF
Peter Krier, Filtronic Systems

. . Slipstream Design
126 Space Situational Awareness Issues P g

and Challenges 158 Precision Frequency Control and

Chiara Manfletti, Neuraspace Timing from PLDROs [
Quantic MWD (Microwave Dynamics)

138 satellite Communications Market 159 New Produéts
Trends and Forecasts

Vivek Ravichandran, MarketsandMarkets

Unlocking K-/Ka-Band Satellite
Communications with Embedded
Encryption

Vlcan Wireless

ACCESS NOW! 213 Compact IPD Bandpass Filter Uses Transformer for
digital. microwavejournal.com High Rejection and Low Loss

E Yanzhu Qi, Yazi Cao, Qixiang Ren, Bo Yuan, Shichang Chen and Gaofeng Wang

MOE Engineering Research Center of Smart Microsensors and Microsystems,
School of Electronics and Information, Hangzhou Dianzi University, Hangzhou, China

68 YEARS OF PUBLISHING EXCELLENCE

10 MW]JOURNAL.COM m MAY 2025



MMIC

>
Al Powered RFIC Design Platform gpdeE

Revolutionizing RFIC Design with Al-Driven Innovation.

Our Al driven design platform is redefining the future of the RFIC design industry. We automate the design of
RFICs for the next generation of wireless communication, accelerating innovation for a smarter future.

Technology Independent: GaAs, GaN, and Silicon proven
Fast and reliable: more than 100x faster than an experienced design engineer

Al-Driven Layout Optimization: cutting down costs, maximizing performance

Reference Design Done by

Al MMIC Design Process Desigh Done by
Experienced Engineer —

Al Platform

o

”:-10 Days/Design =5 Hours/Design

- . .
» . °
MMLO41 . py -
" MML813
- -
MMLO86
MML814
-
- " -
(2. h ic & Layout G ion & Optimizati )
o
.
~
4. Learning
e ! o7 » — 7

Performance Comparisons: RapidRF Al vs Human Engineer Designs

NOISE FIGURE(dB)

GAIN(dB)

FREQUENCY (GHz)
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v %\ New Bias Tees

o B QNG

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

e s
24 <=M

SAME-DAY SHIPPING CUSTOM CABLES LIVE TECH SUPPORT

fairviewmicrowave.com Fairview Microwave°
+1 (800) 715-4396 an INFINIT@ brand
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Systems
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THE PROOF IS IN THE PERFORMANCE
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3H Comunication Systems offers RF/microwave filter solutions that are
innovative, high quality, cost-effective, DC to 50 GHz, with a 5-year warranty.

949.529.1583 | sales@3hcomm.com
3HCommunicationSystems.com
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Advancements April 2025
in Phased Array
Technologies
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DEVICES Dynamic Range in

Wideband High IP2 Receivers

AHEAD OF WHAT'S POSSIBLE™
@TABOR ELECTRONICS

Dermot 0'Shea, co-founder
and CEOQ at Taoglas,
discusses his background,
some of the innovative
technology and products
being developed at Taoglas,
along with the trends he is
seeing and his vision for the

1]
‘ m ANALOG How to Maintain Maximum

Cable and Connector 5
Guide to Accurate and
Reliable Measurements

company'’s future.

Become a fan at
facebook.com/
microwavejournal

Follow us Join us at the

@Pathindle m RF and

@MWJEditor Microwave
Community

Microwave Journal podcasts include the RF/
microwave update series, Frequency Matters, plus
interviews with industry experts and executives.

,-

Michwave
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Frequency Matters,
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DEVICES

AHEAD OF WHAT’S POSSIBLE™

Who better
to integrate ADI
parts than ADI?

Our integrated microwave assembly (IMA)
solutions build on ADI's high performance
semiconductor portfolio while enabling:

@ ©

Reduced Complete Alleviation of
size, weight, system from obsolescence

and power signal to power issues

=] g [l

Integrate with confidence at
analog.com/IMA




DC TO 110 GHz

Cables and Adapters

System Interconnect and Precision Test

375+ models in stock
Custom assemblies available on request

Rugged design and construction

Precision Test Cables Interconnect Cables VNA Cables
Options for every Wide selection of Crush and torque resistant
environment: armored, connector options

Competitive pricing
phase stable, temperature from SMA to 2.92mm

stable, ultra-flexible, 0.141, 0.086 and 0.047"
and more. .
center diameter

Adapters:

SMA, BNC, N-Type, 3.5mm, 2.92mm, 2.92mm-NMD, 2.4mm, o e .
2.4mm-NMD, 1.0mm, 1.35mm, 1.85mm, SMP, WR19, WR22, WR28 J Mini-Circuits
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Heinrich Hertz at

KKiel University

The electronics industry owes a sig-
nificant debt of gratitude to Heinrich
Hertz. Hertz, born in 1857, was the
first scientist to prove the existence
of electromagnetic waves, confirming
James Clerk Maxwell’s theory and pav-
ing the way for understanding wave
phenomena and modern technologies
like radio communications. After com-
pleting his doctorate at the Friedrich-
\Xilhelms-Universitat, which was re-
named Humboldt-Universitat in 1949,
in Berlin, he won a two-year post-
doctoral scholarship in Kiel. He then
spent time at the Christian-Albrechts-
Universitat zu Kiel, also known as Kiel
University, in northern Germany, near
Hertz's birthplace and family in Ham-
burg.! While in Kiel, Hertz completed
his Habilitation thesis on experiments
with electrical discharges that he had
conducted in Berlin. Due to the lack of
an experimental laboratory in Kiel, he
concentrated on the theory. He was
fascinated by the recently proposed
but still not widely accepted Maxwell’s
formulas on electromagnetic waves.
The most important and brilliant
theoretical contribution he made in
Kiel”* was to bridge the gap between
Maxwell’s theory and the opposing
“gegnerische” electrodynamics, mainly
developed in continental Europe. In

References

1. A. Félsing, “Heinrich Hertz - Eine Biographie,” Hamburg, Germany: Hoffmann und Campe, 1997.

his paper,? Hertz derived the following

system of equations in free space:

AdL_dz dY ,dX _dM _dN
dt ~ dy dz'""dt dz dy
AdM _dX _dz ,dv _dN dL
dt dz dx’" dt dx dz
AdN _dY dX ,dZ _dL_dM
dt  dx dy’""dt dy dx
\Xhere:

X. Y, Z(L M, N) are the x, y, z com-
ponents of the magnetic (electric)
field t = time, and A = the inverse of
the speed of light.

This system of equations represents
the current form of the two Maxwells
curl equations in the CGS system.

In addition, it describes a vacuum
with only one medium constant, the
speed of light, A, instead of two
constants, ¢, and p,, as Maxwell’s
equations require. Consequently, no
“ether” is needed for electromagnetic
wave propagation in a vacuum.

Recently, Hertzs time in Kiel has
received proper attention.3 One of
the lecture halls in the new engineer-
ing building, as shown in Figure 1,
is now known as the Heinrich Hertz-
Horsaal. The plaque, dedicated to
Hertz, shown in Figure 2, has been
relocated from the television tower in
Kiel to the building at Kiel University.

HEINRICH HERTZ
PHYSICIST
1857-1894

DISCOVERER
OF THE
ELECTROMAGNETIC
WAVES

FOUNDER OF THE
WIRELESS
COMMUNICATION
ENGINEERING

1883-1885
KIEL UNIVERSITY

P

Fig. 1 (top) The new Faculty of
Engineering building at Kiel
University housing the Heinrich
Hertz Lecture Hall.
(Source: www.uni-kiel.de/en/tf)

Fig. 2 (bottom) Plaque dedicated
to Hertz in the new lecture hall and
translation of the inscription.

2. H. Hertz, “Uber die Beziehungen zwischen den Maxwellschen electrodynamischen Grundgleichungen und den Grundgleichungen

der gegnerischen Electrodynamik,” Annalen der Physik, Vol. 259, No. 9, 1884, pp. 84-103.
3. G. Giannetti and L. Klinkenbusch, “The contributions to electromagnetism achieved by Heinrich Hertz at Kiel University,” IEEE History

of Electrotechnology Conference, Sept. 2023, pp. 1-3.
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INVITED PAPER

Overcoming the Limitations
of Modern Signal and
Spectrum Analyzers:

A Look into the Future

Wolfgang Wendler

Rohde & Schwarz, Munich, Germany

s mobile and wireless

communication appli-
cations demand ever-
increasing data rates,

the corresponding need for wider
modulation bandwidths and high-
er modulation orders continues to
grow. These requirements dictate
a better signal-to-noise ratio to hit
the right point in the constellation
diagram. Consequently, key com-
ponents used for these applications
must demonstrate a performance
close to their physical limit. How-
ever, the dynamic range of contem-
porary signal analyzers falls short
when measuring the performance
of these components over a wide
frequency and power range. Cur-
rent strategies to overcome these
limitations include IQ averaging or

24

cross-correlation signal processing
techniques.

TODAY'S WORKAROUNDS

|Q averaging is a technique com-
monly used for noise cancellation,
but this method requires a repetitive
signal. Averaging the same 1Q data
several times reduces the random
Gaussian noise, whereas the signal
or the 1Q vector remains consistent
across all captures. This strategy en-
hances the dynamic range and mini-
mizes the noise added by the mea-
surement instrument. Despite being
implemented in current analyzers,
this method has limitations.

When there are no repetitive sig-
nals, cross-correlation techniques
are employed to overcome limita-
tions in the dynamic range. This

technique requires two signal ana-
lyzers, which must be time-aligned,
necessitating additional signal pro-
cessing for cross-correlation calcu-
lations. Unfortunately, this not only
increases measurement complexity
but also test costs.

Other instruments, such as os-
cilloscopes, may offer two or even
more inputs for this application.
However, oscilloscopes typically
have a restricted dynamic range.
The analog-to-digital converters are
optimized for wideband digitization
of signals, a characteristic that does
not improve the situation, even
when cross-correlation techniques
are applied. PXI modules with mul-
tiple inputs typically have a wider
dynamic range; however, the lack
of preselection limits the dynamic
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Any Frequency Phase or

Signal Type

Receiver 1
Interfering Signal?
Coherent Signal?...

Receiver 2

> $» Receiver 1

Cross Correlation
Techniques
Receiver 2

A Fig. 1 New architecture opens possibilities for new levels of performance.

v

Frequency 140 GHz

-95 dBc/Hz at 100 kHz Offset

-90 dBc/Hz at 100 kHz Offset

-85 dBc/Hz at 100 kHz Offset

—80 dBc/Hz at 100 kHz Offset

A Fig. 2 Phase noise performance is critical to achieving high data rates.

range when unwanted signals are
located at the image frequency or
unwanted mixing products fall with-
in the band of interest.

ENVISIONING NEW
ARCHITECTURES AND NEW
POSSIBILITIES

What if signal analyzers were de-
signed to have two internal receive
paths? Such an architecture could
suppress unwanted signals at the
image frequency or unwanted mix-
ing products via preselection at the
input. The two paths, including the
splitter, could be aligned, calibrated
and equalized by the instrument
manufacturer. Cross-correlation can
be activated with a simple button
push, eliminating the need for ex-
ternal splitters and additional cali-
bration steps. If the internal splitter
is not used and the two RF input
ports are directly routed to the re-
ceive unit, multiple receive paths
can be used for all modern mobile
or wireless communication stan-
dards, such as WLAN or 5@, as well
as radar applications. Figure 1 illus-
trates the potential of a new archi-
tecture featuring two receive paths
for enhanced performance.

CROSS-CORRELATION
TECHNIQUES DRAMATICALLY
ENHANCE PHASE NOISE
ANALYZERS

The implementation of cross-
correlation could have implications

26

beyond the dynamic range. It could
also yield measurement results un-
attainable with traditional signal and
spectrum analyzers. Already known
from professional phase noise tes-
ters, such as the Rohde & Schwarz
FSWP and the Rohde & Schwarz
FSPN, cross-correlation techniques
are used in phase noise measure-
ments to suppress the phase noise
of the internal local oscillators in the
phase noise tester. This is relevant
since modern communication ap-
plications often operate at higher
frequencies, where the phase noise
of the oscillators scales with the fre-
quency, f, by 20 log (f). This phase
noise impacts EVM performance
directly as the frequency increases.
An unstable phase reading makes
it difficult to detect the correct con-
stellation point in the constellation
diagram. As a result, the system
may have to switch to a lower-or-
der modulation scheme, reducing
the data rate. For this reason, the
synthesizers or oscillators must be
measured accurately to ensure op-
timized phase noise performance.
Consequently, modern communica-
tion applications often require ex-
pensive phase noise testers and a
good signal and spectrum analyzer.
This is due to the limited measure-
ment performance of the analyzer
caused by the internal local oscilla-
tor.

Figure 2 shows how the perfor-
mance degrades on a QPSK signal

with a sample rate of 20 MHz as the
phase noise increases. The trans-
mitted information is quite clear
with a phase noise of -95 dBc/Hz
at a 100 kHz offset. However, the
information deteriorates with in-
creasing phase noise. At -80 dBc/
Hz, it becomes quite difficult to
decode the correct data from the
signal. The system must step back
to BPSK modulation, which reduces
the data rate. A phase noise per-
formance of at least -90 dBc/Hz is
needed for QPSK, which is quite
challenging at a 140 GHz center fre-
quency. This illustrates the need for
test and measurement equipment
with cross-correlation capabilities
to accurately measure phase noise,
enabling optimization of oscillators
and synthesizers.

FINDING HIDDEN SPURS
QUICKLY

For modern radar applications,
detecting targets with a small radar
cross-section (RCS), such as drones,
is becoming increasingly important.
This necessitates an enhancement
of test equipment sensitivity for
these applications. A key to this ef-
fort is lowering the receiver's wide-
band noise floor and improving the
local oscillator’s phase noise perfor-
mance. This will help reveal the RCS
reflection of a small target that is
no longer hidden by clutter reflec-
tion after a slight Doppler frequency
shift.

Beyond reducing phase noise
and suppressing wideband input
noise, the ability to detect small un-
wanted spurs and interferers in the
system is also crucial. These small
signals could be misinterpreted as
targets, limiting the application’s
sensitivity as the trusted level for de-
tecting real targets would need to
be increased. Currently, signal and
spectrum analyzers detect these
small unwanted interferers. How-
ever, to see spurs close to the noise
floor, the spectrum analyzer’s resolu-
tion bandwidth (RBW) needs to be
reduced to just a few hertz. This sig-
nificantly slows down the sweep due
to the prolonged settling time of
the filters. Consequently, this tech-
nique requires a long measurement
time to characterize the system and
detect unwanted interferers.

What if the architecture of a re-
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Without cross-correlation

A Fig. 3 Measurement results using RMS detector (top) and
cross-correlation techniques (bottom).

ceiver included two paths, allowing users to apply cross-
correlation? This could suppress the inherent noise floor of
the signal analyzer down to the physical limit without the
need to reduce the RBW. This would enable faster sweeps
at very low intrinsic noise levels compared to an analyzer,
where a small RBW must be applied, which again limits
the sweep speed due to the settling time of the RBW.

In Figure 3, the bottom trace displays the measure-
ment obtained when a cross-correlated detector is em-
ployed. For comparison, the top trace shows the mea-
surement using an RMS detector. At an RBW of 1 MHz,
the spurs are barely detectable, if at all, by the RMS
detector. These results show that cross-correlation tech-
niques can lower the test noise floor with only a slight
increase in measurement time.

] |
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OVERCOMING THE PREVIOUS WIDEBAND
CHALLENGE OF YIG VERSUS PRESELECTION
FILTERS

Standard signal analyzers attempting wideband
modulation analysis currently lack preselection for 1Q
analysis at microwave frequencies. Up to a specific fre-
quency of several GHz, the signal is up-converted to a
high intermediate frequency with the image at much
higher frequencies. A lowpass filter is used to suppress
the image. However, at frequencies above 5 to 10 GHz,
depending on the instrument used, up-conversion for
image suppression adds too much noise. Therefore,
YIG filters are used for preselection at these frequencies
to suppress unwanted images. These YIG filters have a
limited bandwidth of 50 MHz, maximum, depending on
the frequency range. They also exhibit a strong ripple,
in the range of several dB, which prevents them from
being used for 1Q analysis. For IQ analysis, the YIG filter
must be bypassed and noise or unwanted signals at the
image frequency will cause the measurement results to
deteriorate.

What if this challenge could be overcome by using fil-
ter banks? Filter banks for preselection have wide band-
widths and show a flat frequency response. This provides
high-level accuracy, making it ideal for IQ analysis. Wide-
band 1Q analysis with image suppression would be pos-
sible at an analysis bandwidth much wider than 50 MHz.
This analysis bandwidth could range to several GHz, de-
pending on the IF frequency and the analog-to-digital

CPI Electron Device Business « 150 Sohier Road, Beverly, MA 01915-5536, USA - www.cpi-edb.com
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Filter Bank YIG
Adjustable Bandwidth Filter

A Fig. 4 Comparison of filter bank and YIG filter frequency
response.
converters. This would increase the dynamic range and

reduce the error due to interferers at the image frequen-
cy. In addition, with a flat frequency response, the abso-
lute error for level measurement of CW carriers or spurs
would be significantly smaller, as the YIG filter ripple
would cause no deterioration. Level measurement un-
certainties in the range of 1 dB or even better would be
possible in the microwave range with preselection, mak-
ing an additional power sensor unnecessary for certain
applications. This would enable the accurate specifica-
tion of spur levels for radar applications. Figure 4 visual-
izes the difference between filter banks and YIG filters.
From the diagram in Figure 4, it is evident that, despite
less out-of-band signal suppression, a filter bank offers
wider, adjustable bandwidths and a flatter frequency re-
sponse compared to YIG filters.

YIG filters can be quite slow and inaccurate for
spectrum analysis, where users sweep over a wide fre-
quency range. Filter banks for preselection could make

JF

the analyzer 10x
to 20x faster for
spectrum  analy-
sis, as they can be
switched  much
faster than a
YIG filter can be
N swept. However,
the signal sup-
pression in the
stop band is more
than 20 to 40 dB
lower than that of
the YIG filters.

A combina-
tion of both would be the most effective solution. The
analyzer could use the YIG when narrowband spec-
trum analysis is required to detect the smallest un-
wanted interferers. Then, the analyzer could use the
filter banks for IQ analysis or to improve measurement
speed. Filter banks, in combination with a multipath
receiver structure, can also be a helpful tool for spur
searches. This is because inherent LO-related spurs of
the spectrum analyzer can be easily suppressed when
measuring with different IF receive path frequencies,
as the spurs appear at different frequencies. A simple
NAND operation can suppress these inherent unwant-
ed emissions.

D, |Aln

Phased Array Antenna

A Fig. 5 Comparing one element

to the nth element in a phased array
antenna being tested under modulated
conditions.
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Wi-Fi Signal Radar Transmitter

Wi-Fi Harmonic Radar Return

/

2.45 GHz Ka-Band

A Fig. 6 Analyzing the effect of a Wi-Fi signal at 2.45 GHz on a radar signal at 6 GHz.
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SIMPLIFYING THE SETUP FOR
PHASED ARRAY ANTENNA
TESTING

Beam steering applications in
aerospace and defense, as well as
mobile communications and auto-
motive radar, often use phased ar-
ray antennas. The phase between
different transmit paths needs to be
well-aligned and tested for these
antennas. What if a signal analyzer
setup could measure these sce-
narios with multiple phase-coherent
paths during the calibrated ini-
tial phase? Each channel must be
phase-coherent to determine the
beam accuracy precisely. It would
also help evaluate a phased array
antenna under modulated condi-
tions, where one element needs to
be compared to the nth element, as
illustrated in Figure 5.

A vector network analyzer (VNA)
can be used in this scenario, but
the process can become slow when
stitching is required for modulated
conditions. Alternatively, an oscillo-
scope can be used, but this comes
with the limitation of a restricted
dynamic range. PXI modules, which
share the same local oscillator, offer
a wider dynamic range, but neither
solution typically applies preselec-
tion. Without preselection, signals
at the image frequency may further
restrict the dynamic range and over-
coming these limitations requires
setups that can become quite com-
plex and prone to errors.

RADAR TEST: IMPACT OF
SIGNAL INTERFERENCE

To effectively capture the entire
scenario and analyze the mutual
interference created by signals gov-
erned by different communications
standards at various frequencies or
between communications and radar
signals, requires an analyzer with a
very wide bandwidth. Alternatively,
an analyzer with different inputs or
with one input and different receiv-
ers can also be used. With oscillo-
scopes or PXl-based signal analyz-
ers, special input settings, such as
attenuation or preamplifier gain for
the other signal receive paths, can-
not be adjusted. This restricts the
dynamic range for a measurement
scenario, where, for instance, the
small higher harmonic levels of a ra-
dar application need to be detected
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with a strong mobile communica-
tion signal present. Additionally, the
available analysis bandwidth limits
the frequency range that the ana-
lyzer can capture.

Consider the potential of a signal
analyzer with multiple inputs or a
multipath structure, where different
frequencies can be set for the local
oscillators or various levels of gain or
attenuation can be set at the input.
Such a setup could even trigger at a
completely different frequency than

the frequency at which the measure-
ment is done. Imagine being able to
trigger on a Wi-Fi burst at 2.45 GHz
and observe whether the radar sig-
nal is affected, as illustrated in the
example in Figure 6.

MODULATED COMPONENT
ANALYSIS: A BETTER WAY?
What if the ability to measure two
signals simultaneously, at different
frequencies or even the same fre-
quency, could also be used to char-
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acterize components? Users could
compare the signal-to-noise ratio or
EVM performance at the input and
output of an amplifier. This could
also be done for up- and down-
converters with different frequency
settings. Both signals would be cap-
tured simultaneously and the modu-
lation of the input signal would not
even need to be known; the user
could compare the 1Q data.

TESTING ELECTRONIC
WARFARE DRFMS

This future scenario also holds
promise for electronic warfare ap-
plications. Users could examine
their application’s input and out-
put and analyze the signal’s phase
and amplitude in real-time. What if
modulated pulsed radar signals be-
fore and after the digital RF memory
could be captured simultaneously,
allowing for the characterization of
amplitude and phase variations to
optimize the system for effective
jamming applications?

Again, these measurements
could be performed on a VNA, but
these instruments typically have a
restricted analysis bandwidth. Os-
cilloscopes could also be used, but
their dynamic range is limited and
may not reveal the necessary phase
and amplitude modulation details.
Furthermore, oscilloscopes typical-
ly do not provide internal analysis
tools to perform this effectively, ne-
cessitating the use of external soft-
ware solutions.

CONCLUSION

Contemporary signal and spec-
trum analyzers have considerable
limitations when addressing emerg-
ing technologies. This article pro-
poses a new architecture and pos-
sibilities that could overcome these
limitations. By implementing two
internal receive paths, preselec-
tion at the input and built-in cross-
correlation in signal analyzers, the
dynamic range can be enhanced,
measurement speed increased and
test setups significantly simplified.
The potential of these advance-
ments can revolutionize the way we
analyze signals and spectra. At Ro-
hde & Schwarz, we actively explore
these possibilities and work toward
making them a reality. B
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28 1.0 I +20 dBm

| VSWR
2110 .0 MAX, 0.7 TYP +10 MIN 2.0:1
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(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPI.IFIERS
CA01-2111 04-05 28 0.6 MAX, 0.4 TY +10 MIN +20dBm  2.0:1
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(A34-2110 3.7-4.2 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA56-3110 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  2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A1315-3110 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  2.0:1
(A34-6116 F1 =85 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 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 +40dBm  2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm  2.0:1
CA1213-7110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
(A1415-7110  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 GHz  Gain @) MIN  Noise Figure @)  Power-out@rids  3rd Order ICP VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TYP +10 MIN +20dBm  2.0:1
CA0106-3111 0.1-6.0 28 1.9 Mux 1.5 TYP +10 MIN +20dBm  2.0:1 —
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1
CA02-3112 0.52.0 36 4.5 MAX, 2.5 TYP +30 MIN +40dBm  2.0:1 ————
CA26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20dBm  2.0:1
(A26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +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 +40dBm  2.0:1 =
CA218-4116 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 6Hz)  Input Dynamic Range  Output Power Range Psat  Power Flatness dB VSWR —
(LA24-4001 2.0-4.0 -28 10 +10 dBm +7 to+11 dBm +/- 2.0:1
(LA26-8001 2.0-6.0 -50 to +20 dBm +14 to +18 dBm +/-1T5MAX 2.0
CLA712-5001 7.0-12.4  -21to+10 dBm +14 to +19 dBm +/-1.5MAX  2.0:1 =
(LA618-1201  6.0-18.0  -50 to +20 dBm +14 t0 +19 dBm +/-15MAX 201
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freg 6H2)  Gain (@8) MIN  Noise Figure @8)  Power-out@pid8 Gain Attenuafion Range  VSWR
CA001-251TA  0.025-0.150 21 .0 MAX, +1 30 dB MIN 2.0:1
(CA05-3110A 0.5-5.5 23 2.5 MAX, T5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 2.5 MAX, 1.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, T5TYP  +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, 20TYP  +18 MIN 20dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No Fre? (6Hz)  Gain @8) MIN  Noise Flgure dB  Power-out@pid  3rd Order ICP  VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23dBm  2.0:1
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:1
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  2.0:1 ;
(A004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1
CIAO Wireless can easily modify any of its standard models to meet your "exact" requirements at the Catalog Pricing.

Visit our web site at www.ciaowireless.com for our complete product offering. wireless

Ciao Wireless, Inc. 4000 Via Pescador, Camarille, CA 93012
Tel (805) 389-3224 Fax (805) 389-3629 sales@ciaowireless.com



Breakthrough Manufacturing Process for
High Frequency Amplifiers

raveling-wave tubes (TWTs) are a type of vac-

uum tube critical for many high performance

applications, including deep space missions,
satellites and electronic warfare. For decades, their abil-
ity to efficiently amplify high frequency signals across
wide bandwidths has ensured reliable, long-range com-
munication and radar capabilities.

Supported by Small Business Innovation Research
(SBIR) program funding at DARPA, Elve, a deep-tech
hardware manufacturing startup, developed a new ap-
proach to TWT manufacturing. DARPA's SBIR programs
guide small businesses through a structured three-
phase process to advance their innovations: feasibility
demonstrations, full-scale research and development
and transition to commercialization. This framework en-
ables them to move from concept to deployment, en-
suring significant impact on both national security and
commercial markets.

Through its participation in the SBIR program, Elve
developed a novel additive manufacturing process
called Layered Additive Multi-Material Manufacturing
— Digitized (LAM3D). This breakthrough reduces TWT
production times from over a year to just weeks.

The approach developed by Elve during its DARPA pro-
gram represents a leap forward. The LAM3D process com-
bines additive manufacturing techniques with advanced
inspection and alignment features to fabricate TWT circuits
with unprecedented speed and precision. This not only
shortens production timelines but also reduces costs, en-
abling rapid prototyping and high-yield manufacturing.

Building on the success of its DARPA work, Elve has
since expanded the capabilities of its LAM3D technol-
ogy to manufacture circuits at frequencies above 200
GHz, pushing the boundaries of TWT performance to
the cutting edge of current RF applications. As future
defense and commercial systems demand even higher
frequencies to support emerging applications, such as

' next-generation communica-
tions, advanced sensing and
energy beaming for sustain-
able power transfer, Elve's in-
novation positions TWT tech-
nology to meet these evolving
needs.

Elve’s rapid progress ex-
emplifies how DARPA's inte-
grated approach — pairing
SBIR-driven technological
innovation with EEl's com-
mercialization support — fos-
ters transformative solutions
from small businesses, from
concept to market. Through

B

TWTs (Source: DARPA)
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SBIR investments, DARPA provides critical early-stage
funding to drive high-risk, high-reward research and de-
velopment, enabling companies like Elve to push the
boundaries of what is possible.

Further information about SBIR programs and EEI
can be found on DARPAs Small Business Programs Of-
fice and Embedded Entrepreneur pages, respectively.

Resilient GPS Satellite Technology for
National Security

ierra Space recently announced a success-
ful demonstration of the company’s Resilient
GPS (R-GPS) technology for the U.S. Space
Force (USSF). This major accomplishment, generating
all GPS navigation signals required for the R-GPS mis-
sion, was achieved in collaboration with General Dy-
namics Mission Systems. This technology targets the
increased need for more R-GPS systems that protect
the U.S. against adversarial threats like jamming and
spoofing of the current GPS infrastructure.

GPS technology plays a crucial role in daily life, sup-
porting everything from civilian services such as smart-
phone map applications to vital military and defense uses.
However, as adversarial threats become more advanced,
there is an increasing need for more R-GPS infrastructure.
To address this, the USSF's Quick Start program is de-
veloping concepts for integrating a layer of smaller and
more affordable satellites into the existing GPS frame-
work. This R-GPS layer of smaller GPS satellites would
be capable of rapid
fielding to counter
evolving threats. Si-
erra Space's exper-
tise in small satellite
technology provides
a competitive edge
in achieving this goal.
demonstra-
tion focused on the satellite’s hardware, firmware and
software that generates 'YMCA' waveforms, including
P(Y), M-code and C/A signals at L1 and L2 frequencies.
This achievement is a significant step forward in ensur-
ing that the GPS navigation signals generated by R-GPS
satellites will be accurate, secure and compatible with
the devices that millions of people use every day.

Satellite Constellation (Source:
Sierra Space) The

CACI and the USMA to Advance EW
Technologies

ACI International Inc. recently announced
that it has entered into a five-year Coopera-
tive Research and Development Agreement

Visit mwjournal.com for more defense news.
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(CRADA) with the U.S. Military Academy (USMA) at West
Point to collaboratively advance electronic warfare (EW)
technologies to support future U.S. Army missions.

CACI, a signals intelligence (SIGINT) and EW tech-
nology provider to the U.S. Army and other govern-
ment customers, has the largest signals threat coverage
in the world and is unrivaled in collecting and counter-
ing more than 1,000 unique global signals. CACI has
designed and deployed this technology globally across
more than 2,000 EW systems, providing customers with
the necessary capabilities to dominate the electromag-
netic spectrum and maintain significant battlefield ad-
vantage in this critical warfighting domain.

As software-defined radios are becoming more prev-
alent in technology, the ability to create new waveforms
will continue to rise. The U.S. Army must be able to
rapidly detect and counter these waveforms from ad-
versaries in real time to protect systems or attack ad-
versary systems in the future. The first project under this
CRADA will focus on extending the applicability of the
GPU RFIQ Dataplane (GRID) technology stack as devel-
oped for the Program Executive Office — Intelligence,
Electronic Warfare & Sensors. GRID is a cutting-edge
technology used by the U.S. Army for EW systems,
enhancing real-time signal processing, threat detec-
tion and electromagnetic spectrum dominance on the
battlefield.

Rﬁ Adapters

The USMA will bridge theory and practice by validat-
ing GRID data processing outside of a research lab and
in the field. Cadets will test GRID firsthand by building
RF blocks to showcase its performance while develop-
ing a modular framework and methods for extending
GRID to support future waveforms. This hands-on ex-
perience will reinforce technical expertise in software-
defined radio and EW applications and help shape the
evolution of GRID for emerging operational needs.

By showcasing its innovations and capabilities, CACI
aims to strengthen the pipeline of future SIGINT and EW
operators while also improving relationships with future
customers and partners to support ongoing national se-
curity mission objectives, while West Point provides input
as a leader in military innovation and education.

CACI (Source: CACI International Inc.)
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Global 5G Adoption Skyrockets to 2.25 B
Connections, Four Times Faster Than 4G

he global wireless telecommunications in-

dustry achieved a historic milestone in 2024,

with 5G connections reaching 2.25 billion
worldwide. This remarkable growth highlights 5G's
rapid adoption, far outpacing previous wireless genera-
tions. According to 5G Americas and Omdia, 5G has
expanded 4x faster than 4G LTE did in a comparable
period, when LTE had just surpassed 500 million con-
nections at the end of 2014. The global mobile ecosys-
tem continues to expand, with 1.5 wireless connections
per person worldwide by the end of 2024 — up from
one connection per person in 2014.

The momentum is expected to continue, with fore-
casts indicating 8.3 billion 5G connections by 2029,
representing 59 percent of all global wireless technolo-
gies. Meanwhile, loT saw unprecedented expansion,
adding 438 million new connections in 2024, bringing
the global total to 3.6 billion.

North America remains a global leader in 5G adop-
tion, closing 2024 with 289 million 5G connections,
representing a 67 percent year-over-year increase from
196 million connections at the end of 2023. North
America also has 77 percent of the region covered by
5G. For comparison, 4G LTE adoption in North America
had only reached 47 percent regional coverage by the
equivalent point in 2014.

Beyond adoption rates, North America is also the first
region in the world to reach parity between the num-
ber of commercial 5G and 4G LTE networks, reflecting
the maturity and pace of next-generation network de-
ployment. This leadership is fueled by robust industry
investment, collaborative innovation and a regulatory
environment that continues to foster cutting-edge ap-
plications in areas like industrial automation, telehealth,
smart infrastructure and Al-powered connectivity.

“North America continues to showcase rapid 5G
growth, outpacing previous generations and setting
the bench-mark for global adoption,” said Kristin Pau-
lin, principal analyst at Omdia.

Latin America also witnessed a significant surge in
5G adoption, doubling its 5G connections in one year
to 76 million by 2024 year-end — up from 38.5 million
in 2023. While 5G expansion accelerates, 4G LTE re-
mains the dominant technology, with 593 million users,
accounting for 74 percent of all wireless connections in
the region.

The pace of 5G network deployments also continues
to exceed that of 4G LTE at a similar stage of its rollout.
As of March 17, 2025, there are 354 commercial 5G
networks globally, with North America leading in parity,
being the only region where the number of 5G and LTE
networks are equal. Europe follows, where 5G deploy-
ments have reached 72 percent of LTE networks.

For More
Information
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ATIS’ Next G Alliance Maps Component
Technologies for the 6G Future

he Alliance for Telecommunications Industry

Solutions’ (ATIS) Next G Alliance (NGA) an-

nounced the release of the 6G Component
Technologies White Papers Series, four pieces that ad-
dress critical technologies that will contribute to North
American leadership in the 6G future:

Antenna, Packaging and Testing — A white paper
covering emerging technologies and challenges for an-
tenna, packaging and testing of 6G wireless communi-
cation systems.

Circuits and Subsystems — To efficiently support
innovative services on a massive scale, 6G must cover
challenges related to RF circuits and subsystems. “Cir-
cuits and Subsystems” illustrates a baseline transceiver
architecture to set the stage for subsequent much-
needed discussions on this topic. Transceiver design
challenges such as carrier frequency, local oscillator
frequency generation, link budgets, high order modu-
lation, beamforming, integrated sensing and commu-
nication, non-terrestrial network and AI/EDA tools are
covered.

Next G Displays — A white paper highlighting chal-
lenges for immersive displays in the 6G future, covering
hardware and video content challenges. The paper also
introduces solutions and future development directions
in the areas of software and content innovations as well
as augmented reality development. Key recommenda-
tions are provided.

Semiconductor Technology — A white paper ad-
dressing the need for further development of semicon-
ductor technologies critical to the successful develop-
ment of 6G transceivers. This is not a one-size-fits-all
approach, as these transceivers are complex systems
and 6G covers multiple frequency bands. This paper
covers the transceivers’' main building blocks and ana-
lyzes the need for further technology development.

“The Component Technologies White Papers Series
is a critical contribution toward defining the key technol-
ogies comprising the National 6G Roadmap’s technolo-
gy layer.” said NGA Managing Director Jaydee Griffith.

6G Component Technologies White Papers Series

Semiconductor Technology
Next G Displays

Circuits and Subsystems
Antenna, Packaging, and Testing

6G White Papers (Source: ATIS’ NGA)

Visit mwjournal.com for more commercial market news.
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“Each component covered will be a key building block
for North American leadership in the 6G future.”

Access each of the white papers in the 6G Compo-
nent Technologies White Papers Series in the NGA's 6G
Library.

Adopter Spending on UHF RFID to Surpass
U.S.$10 B in 2030

tem-level tagging with ultra-high frequency

(UHF) radio frequency identification (RFID)

is starting to evolve rapidly. According to a
new dataset from ABI Research, spending on UHF RFID
technology will surpass U.S. $10 billion in 2030.

“What is changing in the UHF RFID market is that it is
expanding into new end markets and applications,” ex-
plained Tancred Taylor, senior analyst at ABI Research.
“While we have seen growth in the use of RFID tags in
the apparel retail industry for years, now there are two
defining recent changes. The first is data exploitation
by companies that have already tagged items with RFID
and want to increase their ROl by using tag data across
more workflows in their operations. The second is end
market diversification, as massive programs outside the
apparel retail industry ramp up and expand, such as

WHAT’S YOUR Q?

UPS’ smart package/smart facility, Walmart's item-level
supplier mandate or Kroger's bakery tagging.”

As a result of this greater breadth of end markets
and the more attractive return on investment, AB| Re-
search expects around 118 billion UHF RFID inlays to
be shipped in 2030 — nearly 3x the volume shipped in
2024. Leading inlay manufacturers like Avery Dennison,
Arizon and Tageos have invested significantly over the
past two years to expand their production capacity to
meet this growing demand. While new retail industries
present the most significant opportunity for expansion,
UHF RFID is also being embraced by the logistics and
mail industries, various manufacturing industries and
service industries like healthcare and hospitality.

Changing operating environments are at the heart of
the growing wave of investment. Labor costs and staff
retention issues, waste and sustainability targets, theft
and inventory shrinkage throughout supply chains and
the desire to offer better customer purchasing experi-
ences are a few of the reasons driving new projects.
More fundamentally, the lower cost and easier imple-
mentation of RFID systems, with the growth of off-the-
shelf solution providers and integrators, lowers the
barrier to entry for customers and removes the need
for complex and time-consuming in-house projects.
Nedap, SML and Sensormatic are key examples of sup-
pliers driving the market into its next stage.

Whether you’re optimizing for low loss, high performance, or maximum efficiency,
Trans-Tech has the components to elevate your design.
From advanced phased arrays to precision oscillators, Trans-Tech has the solutions to
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Aroundthe Circuit
Barbara Walsh, Multimedia Staff Editor

MERGERS & ACQUISITIONS

Siemens announced that it has completed the acquisi-
tion of Altair Engineering Inc., a leading provider of
software in the industrial simulation and analysis mar-
ket, for an enterprise value of approximately USD 10
billion. With this acquisition, Siemens extends its lead-
ership in simulation and industrial artificial intelligence
(Al) by adding new capabilities in mechanical and elec-
tromagnetic simulation, high performance computing,
data science and Al. The addition of the Altair team and
technology to Siemens will further enhance the most
comprehensive Digital Twin and make simulation more
accessible, so companies of any size can bring complex
products to market faster.

Teradyne Inc. announced it has entered into a defini-
tive agreement to acquire privately held Quantifi Pho-
tonics, a leader in photonic IC testing. The acquisition
is expected to close in the second quarter of 2025, sub-
ject to customary closing conditions and regulatory ap-
proval. This acquisition will enable Teradyne to deliver
scalable photonic integrated circuit (PIC) test solutions.
PIC technology is leveraging wafer-based manufactur-
ing, multi-die integration and advanced packaging with
high speed I/O interfaces to enable the rapidly evolv-
ing high performance computer market to support Al
workloads.

Qualcomm Technologies Inc. announced the entry
into an agreement to acquire Edge Impulse Inc., which
will enhance its offering for developers and expand its
leadership in Al capabilities to power Al-enabled prod-
ucts and services across loT. The closing of this deal is
subject to customary closing conditions. This acquisi-
tion is anticipated to complement Qualcomm Technol-
ogies’ strategic approach to loT transformation, which
includes a comprehensive chipset roadmap, unified
software architecture, a suite of services, developer re-
sources, ecosystem partners, comprehensive solutions
and loT blueprints to address diverse industry needs
and challenges.

COLLABORATIONS

During NVIDIA GTC, NVDIA announced a series of
partnerships with industry leaders, including T-Mobile,
MITRE, Cisco, ODC and Booz Allen Hamilton, to ad-
vance the development of Al-native wireless networks
and 6G technology. These collaborations aim to in-
tegrate Al into next-generation network hardware,
software and architecture, setting new benchmarks in
spectral efficiency, network performance and telco in-
novation. NVIDIA's collaborations will be anchored in
an Al-native wireless network stack built on the NVIDIA
Al Aerial platform, enabling software-defined RAN on

For More
Information
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NVIDIA's accelerated computing infrastructure.

NTT Corporation, NTT DOCOMO INC. and NEC Cor-
poration announced that they demonstrated a real-
time bidirectional wireless transmission in the mmWave
band between 71 and 86 GHz that achieved a bit rate
of 140 Gbps, unprecedented for sub-100 GHz frequen-
cies. The test demonstrated that Orbital Angular Mo-
mentum (OAM) mode multiplexing transmission tech-
nology can increase the capacity of wireless transmis-
sion. The OAM-mode control technology can increase
wireless transmission distances by using reflected paths.
The achievement is expected to help realize high-ca-
pacity wireless transmissions to meet future demand
anticipated in the 2030s.

Sivers Semiconductors AB announced a partnership
with WIN Semiconductors to enhance production of
Sivers Semiconductors’ proprietary high-power DFB la-
sers and laser arrays technology. This strategic collabo-
ration paves the way for high volume manufacturing
of critical components for coarse wavelength division
multiplexing and dense wavelength division multiplex-
ing applications. WIN Semiconductors will serve as an
outsourced manufacturing partner for Sivers Semicon-
ductors, enabling the company to scale production and
meet the growing demand for its cutting-edge pho-
tonic solutions. This collaboration marks a significant
milestone for Sivers, combining WIN Semiconductor’s
extensive expertise in compound semiconductor man-
ufacturing with Sivers Semiconductors’ advanced laser
chip technology.

Ericsson and Drei Austria are collaborating to enhance
urban 5G connectivity by testing W-Band frequencies.
Their goal is to prove the usage of microwave links in
high frequency band especially in densely populated ar-
eas, ultimately paving the way for advanced technologi-
cal solutions in urban environments. The two partners
have recently completed a field trial of W-Band micro-
wave technology, successfully showing its potential as a
high-capacity backhaul solution in urban areas where E-
Band networks might face congestion. In dense urban
areas, where transport networks face very high-capacity
demands, end users will benefit from enhanced 5G per-
formance made possible by deploying W-Band tech-
nology to complement the existing E-Band spectrum.

Space42, the UAE-based Al-powered SpaceTech com-
pany, and Viasat Inc, a mobile satellite services (MSS)
operator in L- and S-Band spectrum, signed a Memo-
randum of Understanding to explore ecosystem part-
nership options for developing a 5G non-terrestrial
network initiative. This collaboration between Space42
and Viasat is a major step toward expanding global sat-
ellite connectivity, enabling both companies to address
the growing opportunities in direct-to-device satellite
communications to smartphones, narrowband loT, as
well as existing and next-generation MSS services.

For up-to-date news briefs, visit mwjournal.com
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Aroundthe Circuit
NEW STARTS

Intellian Technologies USA Inc., a provider of global
satellite communication (satcom) antennas and ground
gateway solutions, announced that its ARC-M4 Block 1
(AN/USC-75) is now being manufactured at Intellian’s
U.S. headquarters, in Irvine, Calif. Intellian is intensifying
its commitment to the U.S. Government's mission-criti-
cal objectives and supply chain resiliency, by manufac-
turing the ARC-M4 Block 1 satcom terminal in the U.S.
Intellian has implemented a meticulous component-lev-
el supply chain control system to ensure that no com-
ponents are used from vulnerable nation states, which
enhances national security and protects against supply
chain disruptions.

ACHIEVEMENTS

Altum RF, a leading supplier of high performance RF to
mmWave semiconductor solutions for next-generation
markets and applications, announced the expanded
scope of its ISO 9001:2015 registration for its quality
management system. In addition to its headquarters in
Eindhoven, the Netherlands, Altum RF's design center
in Sydney, Australia, has now also achieved ISO 2001
certification. This milestone underscores the company’s
commitment to delivering high-quality, reliable and
high performance semiconductor products, while main-
taining excellence across design, development, manu-
facturing and sales processes.

CONTRACTS

Anduril has been awarded a $642 million, 10-year in-
definite delivery/indefinite quantity (IDIQ) program of
record by the U.S. Marine Corps to deliver, install and
sustain installation-counter small, unmanned aircraft
systems (I-CsUAS). Anduril's comprehensive [-CsUAS
solution leverages the power of Al and advanced au-
tonomy, equipping the U.S. Marine Corps with hard-
ware and software capabilities required to address
evolving aerial threats and protect installations world-
wide over the next decade. This program validates
Anduril's CUAS advantage, enabling 24/7 autonomous
operations powered by Lattice, Anduril’s advanced soft-
ware platform. Lattice uses Al to autonomously detect,
track, identify and neutralize aerial threats, empowering
human operators to rapidly make critical decisions with
minimal manpower.

EnSilica, a leading chip maker of mixed signal appli-
cation specific integrated circuits (ASICs), announced
that it has been awarded an $18 million design and
supply contract by a leading European based supplier
of electromechanical products for a Cortex M series
Arm-based mixed signal sensor interface ASIC to be
used across a range of automotive and industrial appli-
cations. The total value of the contract is estimated to
exceed $18 million over seven years. EnSilica has been
selected due to its significant experience in developing
mixed signal design ASICs, alongside a proven track re-
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cord of bringing automotive and industrial chips to high
volume production.

Raytheon, an RTX business, has been awarded a
follow-on contract from the U.S. Army Futures Com-
mand, Futures and Concepts Center to continue to
utilize its Rapid Campaign Analysis and Demonstration
Environment (RCADE) modeling and simulation capa-
bility. During the initial contract, Raytheon developed
large-scale theater scenarios to assess concepts of op-
erations in a multi-domain conflict. In this follow-on ef-
fort, Raytheon will establish a continuous experimenta-
tion environment with RCADE to enable the U.S. Army’s
concept developers and Battle Labs to inform strategic
force design decisions. Raytheon’s RCADE capabilities
enable analysts from the Raytheon Advanced Technol-
ogy team to work with the U.S. Army team to ensure
a continuous feedback loop between modeling and
simulation and emerging real-world threats.

REP APPOINTMENTS

Electro Rent, a global leader in test and measurement
equipment rental solutions and services, announced a
distribution agreement with Antennex, a leading in-
novator in antenna measurement solutions. This agree-
ment enables Electro Rent to sell new Antennex test
chambers in North America. Electro Rent customers
can now purchase new Antennex equipment to sup-
port their ongoing testing initiatives. Electro Rent is a
global leader in test and technology solutions that en-
able customers to accelerate innovation and optimize
investments. Electro Rent’s rental, leasing, sales and as-
set management solutions serve leading innovators in
communications, aerospace and defense, automotive,
energy, education and general electronics.

Insulated Wire Inc (IW), the innovative specialists in
manufacture of microwave cable and cable assemblies,
announced Ward/Davis as their new representative for
California. Ward/Davis is a long-established manufac-
turer’s representative with a strong engineering-focused
sales team. They have significant experience in RF and
microwave design and cable products in both commer-
cial and defense industries. IW's experience across a
worldwide customer base has aided in developing their
capability in the high-power segment with ultra-low loss
and commensurate high rated coaxial cable and cable
assembly products. IW can support applications where
high RF power levels need to be reliably transmitted in-
cluding EMC/EMI testing, rapid microwave de-frosting,
communications, semiconductor manufacturing and
defense systems.

After more than 16 years as a dedicated Pasternack
channel partner in the U.K., Spectech has announced
its retirement and closed business operations on March
31, 2025. To ensure continued high-level channel sup-
port in the U.K., Pasternack announced the addition
of RFMW as its preferred franchised channel partner
in the region. RFMW is a globally recognized distribu-
tor specializing in RF and microwave components. With
a strong technical support team and a commitment to
exceptional service, RFMW will provide Pasternack cus-
tomers in the U.K. with enhanced product availability,
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Aroundthe Circuit

responsive delivery and expert guidance backed by
Pasternack’s full resources.

Richardson RFPD Inc., an Arrow Electronics company,
announced that it has entered into a franchise agree-
ment with Crescend Technologies LLC. Crescend
Technologies leverages decades of engineering exper-
tise to empower industrial sectors to replace outdated
systems with innovative solid-state microwave technol-
ogy designed to increase throughput, minimize down-
time and enhance sustainability. The agreement with
Crescend makes Richardson RFPD an authorized global
distributor for Crescend’s standard industrial microwave
generator products.

Microwave Journal announced the
retirement of Eric Higham at the
end of April and the hire of Del
Pierson to replace him as technical
editor. During his tenure, Higham
made significant contributions to
the editorial process, notably auto-
mating and streamlining workflows
to enhance efficiency and accuracy.
He is well known for his eloquent writing style, com-
plemented by a keen business sense that enriched
his technical writing. We extend our heartfelt thanks
to Eric for his dedication and contributions to Micro-
wave Journal and wish him all the best in his well-
deserved retirement. He will be deeply missed.

J

Del Pierson is the technical editor of Microwave
Journal responsible for the editorial content in each
month’s issue, covering conferences and exhibitions,
moderating webinars and co-hosting Frequency Mat-
ters. Del joins Microwave Journal following her role as
a sales engineer and product manager at XMA Cor-
poration, an Amphenol company. At XMA, she de-
veloped, marketed and sold new hardware solutions
designed for harsh environments and led successful
grant applications to support new R&D initiatives. Del
is knowledgeable about passive components, nano-
materials, high-density electronics, space communi-
cations and quantum computing technologies. With
a foundation in physics and product development,
Del brings technical depth and fresh energy to the
industry. Del holds a B.A. in physics from Colby Col-
lege in Waterville, Maine.
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Catch our excluswe conference
information, news, social networking,
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A Fig. 1 Professor Francesco Fornetti
of the University of Bristol.
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Bridging the Gap

Between Theory and
Practice: Collaborating to
Transform RF Engineering

Education

Pat Hindle

Microwave Journal, Norwood, Mass.

rofessor Francesco Fornetti, associ-

ate professor of Radio Frequency

Engineering at the University of

Bristol,’ has worked tirelessly over
the past 12 years to bridge the industry-
academia gap. He is an internationally rec-
ognized educator known for pioneering en-
gineering education contributions and holds
a prestigious National Teaching Fellowship.
This highly selective award is conferred to
only 55 academics each year in the U.K. It
recognizes individuals who have made an
outstanding impact on student outcomes
and the teaching profession. Professor Fran-
cesco Fornetti is shown in Figure 1.

There has been a long-
standing collaboration be-
tween Cadence® and the
University of Bristol under Pro-
fessor Fornetti's leadership.
This relationship has recently
gained momentum with the
release of a series of novel
online open courses.2 These
courses on Radio Frequency
Engineering3 and the Founda-
tions of Electric Circuits* are
designed to prepare students
for the real-world challenges
of an increasingly connected
world.

To build on his existing
partnership with Cadence and
further enhance the mate-

rial offered in his courses, Professor Fornetti
embarked on a collaboration with Rohde &
Schwarz in July 2023. Drawing on Rohde &
Schwarz's hardware design expertise, the pri-
mary goal of the partnership is to modernize
the teaching methods for RF engineering,
both at university and in continuing profes-
sional development (CPD) courses. The vi-
sion is simple yet ambitious: make RF educa-
tion more practical, engaging and relevant
to the industry, equipping learners with the
real-world skills essential for the workforce.

RF engineering is notoriously challenging
for students. Courses are often taught in a
highly theoretical, mathematical and ab-
stract way. This is one of the reasons behind
the shortage of RF engineers in the elec-
tronics industry. To address this, Professor
Fornetti had previously developed virtual
laboratories (VLs) using the Cadence AWR®
simulation software. These VLs allowed him
to create instructional material, like video tu-
torials and demonstrations, which were both
conceptual and practical, making complex
subjects more intuitive and accessible. VLs
enable students to design and experiment
with virtual circuits and instruments that
closely resemble their physical counterparts,
empowering them to take a more empirical,
self-directed and exploratory approach to
learning.

While this was a significant advancement,
Professor Fornetti realized that hands-on
physical laboratory experience was still es-
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sential. However, traditional RF labs
require expensive equipment and
without the insights of industrial de-
signers, it becomes difficult to fully
bridge the gap between theory and
real-world practice. This is where
Rohde & Schwarz has become an
invaluable partner.

When Rohde & Schwarz released
the FPC1500, a versatile, cost-
effective instrument that functions
as a VNA and a spectrum analyzer,
it solved the significant hurdle of
equipment affordability. Collaborat-
ing with Markus Lang and his team
at Rohde & Schwarz has allowed

£1.0 Calibrating a VINA with a cheap, hon

ma

"Home-made'

—

A Fig. 2 Designing a homemade VNA calibration kit.

Professor Fornetti to merge the
practical design expertise at Rohde
& Schwarz with his academic back-
ground to create innovative and af-
fordable RF lab exercises. The part-
nership successfully blends diverse
perspectives from academia and in-
dustry, consistently finding creative
solutions to drive the project for-
ward. The two teams have demysti-
fied some of the “black magic” of
RF design, using scientific methods
to address problems that even sea-
soned engineers have accepted
without question for years.

A key success of this collabora-
tion is the seamless
integration of prac-
tical lab work with
the VLs. The tech-
niques and design
processes  taught
in  lectures and
supported by the
VLs are directly ap-
plied to circuit de-
signs implemented
in  physical labs.
The agreement be-
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tween simulation and practical im-
plementation is excellent. Professor
Fornetti has found that with proper
understanding and by keeping the
frequency of operation below 1
GHz, simulated results can closely
match experimental measurements.
One particularly valuable solution
emerging from the collaboration
with the Rohde & Schwarz engineers
is the creation of homemade cali-
bration kits using the same board-
edge connectors employed in the
experiments. A purely academic ap-
proach might not have considered
this, but this practical solution re-
moves the need for de-embedding
experimental data and ensures that
the simulation and practical results
remain closely aligned. A YouTube
video shows more details about
this homemade calibration kit.> A
screenshot from this video is shown
in Figure 2.

It was also very advantageous
that the Cadence AWR software
used for the VLs is one of the main
tools Rohde & Schwarz employs for
their RF circuit designs. This makes
collaboration on the simulation as-
pect of the work seamless. The labs
ranged from simple tasks using
copper tape and FR4 substrates®
to more complex design challeng-
es such as two- and three-element
matching networks’” and ampli-
fier design® requiring custom PCBs.
These labs were particularly engag-
ing because many of the exercises
had no single solution, mirroring
real-world engineering challenges.
Students were free to explore differ-
ent design approaches, each with
its trade-offs.

One of the main objectives in
designing these courses is to move
away from the traditional, passive
forms of learning and create an en-
vironment where students are ac-
tively engaged in their education.
Professor Fornetti aims to foster
independent, self-paced learning,
allowing students to take more
control of their progress in a pres-
sure-free environment catering to
neurodiverse individuals. Another
primary objective is to promote
an exploratory, inquiry-based ap-
proach to learning that will not be
constrained by the rigid boundaries
of a set syllabus, thus encouraging
students to tap into their creativity
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A Fig. 3 Amplifier design.

and imagination. These courses enable students to de-
velop “functioning” knowledge that empowers them to
tackle real-world problems. It helps them understand
the roles of theory, simulation and practical imple-
mentations in achieving the desired goals during the
electronic design process. Further, the courses provide
relevant examples, challenges and instructions for us-
ing a powerful simulation tool like Cadence AWR as a
virtual laboratory, along with guidance for practical ex-
periments supported by simulations that align with the
course content and learning objectives.

PrecisioN GRADE MMWAVE CONNECTORS
AND CABLE ASSEMBLIES

SAISY S ~71
A Fig. 4 Transmission line design.

Professor Fornetti offers practical workshops on cam-
pus to complement his online RF course. These ses-
sions are open not only to students at the University
of Bristol but also to those from other universities and
industry professionals, provided they pass a free online
test. This novel approach to technical CPD is rooted in a
blended, self-paced learning model: participants study
the online RF course at their own pace and then sit for
an exam. Only those who pass the exam are eligible
to attend the workshop. As a result, attendees arrive
well-prepared, having already designed several RF cir-
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A Fig. 5 Matching network design.

cuits using Cadence AWR. In just one and a half days,
attendees can complete all three workshop activities
as detailed in this blog post.? Figure 3 shows a stu-
dent working on an amplifier design. Figure 4 shows
students working on a transmission line design and
Figure 5 shows a student working on a matching net-
work design in a workshop. These workshops also of-
fer valuable, hands-on experience with RF instruments
and equipment, further enhancing practical skills and
improving industry readiness.

Working with Rohde & Schwarz and Cadence, Pro-
fessor Fornetti has created a complete experience for
students that combines theory, simulation and practi-
cal implementation consistently and cohesively. This

Redefining Flexibility and

Performance in RF and

helps students contextualize their learning and equips

them with skills that will serve them well in their careers.

Most importantly, this collaboration strengthens the link

between industry and academia, creating a curriculum

that better prepares students for the demands of mod-
ern RF design. It also has the potential to address the
shortage of RF engineers in the industry, as all this work
is freely accessible online through Connected Worlds,2

the novel virtual learning environment. B

I
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Enhancing MRI
Technology: The Role of
PIN Diodes in Medical

Imaging

Baljit Chandhoke
Microchip Technology Inc., Chandler, Ariz.

agnetic resonance imaging

(MRI) has become an indispens-

able tool in modern medical

diagnostics, providing detailed
images of the internal structures of the body
without the need for invasive procedures.
Figure 1 shows an example of the technol-
ogy with a robotic-assisted MRI surgical sta-
tion. The technology behind MRI systems is
complex and relies on various components
to function effectively. One such critical com-
ponent is the PIN diode. This article delves
into the applications and uses of PIN diodes
in MRI devices and their broader impact on
the medical market.

UNDERSTANDING PIN DIODES
A PIN diode is a semiconductor device
consisting of three layers: a p-type (P) layer,

A Fig. 1 Robotic-assisted MRI surgical station.

an undoped intrinsic (l) layer and an n-type
(N) layer. The intrinsic layer, sandwiched
between the p-type and n-type layers, sets
PIN diodes apart from other types of di-
odes. When a PIN diode is forward-biased,
a positive voltage is applied to the p-type
layer with respect to the n-type layer. When
this bias exceeds the PIN diode's threshold
voltage, holes and electrons are injected
into the |-region. These charge carriers will
recombine, but as the forward-bias voltage
increases, the magnitude of these injected
charge carriers will overwhelm the recom-
bination process. This establishes a current
flow through the device, lowering the resis-
tivity of the intrinsic region and the PIN di-
ode becomes a small resistance. Conversely,
when the voltage on the n-type layer of the
junction is higher than the voltage on the p-
type layer, the PIN diode is reverse-biased.
In this condition, free charge carriers are
swept out of the intrinsic region and the re-
actance of the diode becomes quite large.
This reverse-biased reactance is determined
by the capacitance and parallel resistance of
the PIN diode structure. This unique struc-
ture allows PIN diodes to operate efficiently
at high frequencies and handle significant
power levels, making them ideal for various
applications, including those in MRI systems.
Figure 2 shows a simple PIN diode chip dia-
gram.
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A Fig. 2 PIN diode chip.

APPLICATIONS FOR MRI
SYSTEMS

The RF power supply frequency
of an MRI machine depends on the
strength of the magnetic field used
for the scan and can be calculated
according to the Larmor frequency.
The Larmor frequency, named after
Joseph Larmor, is the frequency at
which the magnetic moment of a
proton, electron or nucleus pre-
cesses around a magnetic field. This
is the essential phenomenon lev-
eraged by nuclear magnetic reso-
nance and MRI technology. This is
fundamental to the operation of
MRI as it governs the frequency of
oscillation of hydrogen nuclei (pro-
tons) in the human body when sub-
jected to high magnetic fields. The
Larmor frequency is given by Equa-
tion 1:

wo = yBo (1)

Where:

wq = Larmor frequency

v = the gyromagnetic ratio of
the proton, which is approximately
42.58 MHz/T

By = strength of the external
magnetic field applied in Tesla (T)
units.

Therefore, from Equation 1,a 1.5
T machine would have a Larmor fre-
quency of 42.58 MHz/T x 1.5 T or
63.87 MHz.

One of the primary applications
of PIN diodes in MRI systems is for
RF switching and attenuation. MRI
machines use RF pulses to excite
hydrogen nuclei in the body, which
then emit signals that are detected
and used to create images. PIN di-
odes are employed to switch these
RF signals on and off rapidly and to
control their amplitude. Their ability
to handle high power and operate

60

at high frequencies
makes them par-
ticularly well-suited
for this purpose.

In MRI systems,
the same RF coil is
often used for both
transmitting the RF
pulses and receiv-
ing the emitted
signals. PIN diodes
play a crucial role Gradient
in transmit/receive Coils
(Tx/Rx)  switches,
which alternate
between the trans-
mit and receive

MRI Scanner Cutaway

Patient

Patient
Table

Scanner

modes. When the

system is in trans-
mit mode, the PIN
diode allows the
RF pulse to be sent
to the coil. Con-
versely, when the
system switches to |
receive mode, the
PIN diode isolates
the receiver from |
the transmitter, |
thereby  prevent-
ing damage to the
sensitive  receiver
components.
Modemn MRI

A Fig. 3 MRI scanner cutaway.

systems often em-
ploy phased array
coils, which are
composed of multiple smaller coils
arranged in an array. These coils
can be individually controlled to
enhance image quality and reduce
scan times. PIN diodes play a cru-
cial role in these coils, enabling the
switching of individual elements on
and off. This precise control of the RF
fields significantly improves the over-
all performance of the MRI system.
RF coils function as resonant circuits
tuned to the resonance frequency of
proton spins within a given magnetic
field. During a scan, RF pulses and
magnetic gradients are applied and
RF energy is exchanged with the pa-
tient to generate images.

The quality of MRl images is heav-
ily dependent on the homogeneity
of the magnetic field within the im-
aging volume. PIN diodes are used
in shim coils, which are auxiliary coils
designed to correct inhomogene-
ities in the magnetic field. By adjust-
ing the current in these shim coils,

A Fig. 4 Commercial MRI machine installation.

the magnetic field can be made
more uniform, resulting in clearer
and more accurate images. Figure 3
shows a cutaway of an MRI scanner
that illustrates some of these func-
tions and Figure 4 shows a commer-
cial MRI machine installation.

ADVANTAGES IN THE MEDICAL
MARKET

The use of PIN diodes in MRI
systems offers several advantages
that extend to the broader medical
market. One of the most significant
benefits is their high speed switching
capability. PIN diodes can switch on
and off very rapidly, which is essential
for the fast-paced operation of MRI
systems. This high speed switching
ensures that the RF pulses are deliv-
ered and received with precise tim-
ing, leading to high-quality images
that are crucial for accurate diagnosis.

Another advantage is the high
power handling capability of PIN di-
odes. MRI systems require compo-
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nents that can manage high levels
of power without degrading perfor-
mance. PIN diodes are well-suited
for this task, as they can operate
efficiently at high power levels, en-
suring the reliability and longevity
of the MRI system. This reliability is
particularly important in the medical
market, where equipment down-
time can have serious implications
for patient care.

The intrinsic layer in PIN diodes
helps to minimize signal distortion,

which is crucial for maintaining the
integrity of the RF signals used in
MRI. Low distortion ensures that
the images produced are accurate
and free from artifacts, which is es-
sential for effective diagnosis and
treatment planning. This level of
accuracy and reliability makes PIN
diodes an invaluable component in
the medical market, where precision
is paramount.

Furthermore, the versatility of PIN
diodes allows them to be used in
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i | r

A Fig. 5 Typical packaged PIN diode
construction.

various parts of the MRI system, from
RF switching to magnetic field cor-
rection. This versatility makes them
an essential component in the de-
sign and operation of MRl machines.
These characteristics make PIN di-
odes invaluable contributors to the
advancement of MRI technology
and, by extension, the medical mar-
ket. Figure 5 shows a PIN diode dia-
gram like that of Figure 2. However,
in this case, the PIN diode is shown
in an axial-leaded package with the
anode and cathode connections
identified. This points to the packag-
ing flexibility of PIN diodes.

NON-MAGNETIC PACKAGING

The use of non-magnetic pack-
aging for PIN diodes is essential
when these components are de-
ployed in environments with high
magnetic field strength. Magnetic
materials can compromise the per-
formance and reliability of diodes.
Non-magnetic materials ensure
that the diodes operate correctly
without interference from surround-
ing magnetic fields. This is particu-
larly critical in applications such as
medical imaging equipment, scien-
tific instruments and specific com-
munication systems. Employing
non-magnetic packaging preserves
the integrity and efficiency of PIN
diodes, resulting in more accurate
and dependable performance in
high magnetic field conditions.

MMSM NON-MAGNETIC

PACKAGING
Monolithic microwave surface-
mount (MMSM) packaged non-

magnetic diodes are engineered for
direct mounting onto printed circuit
boards (PCBs), offering several key
advantages. Their non-magnetic
nature makes them ideal for appli-
cations where minimizing magnetic
interference is critical, such as in
medical imaging equipment, preci-
sion instrumentation and aerospace
technology. The MMSM packaging
significantly reduces the physical
footprint of the diodes on the PCB,
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which is advantageous for modern
electronic devices that require com-
pact and lightweight designs. Addi-
tionally, surface-mount technology
(SMT) streamlines the manufactur-
ing process by enabling automated
placement and soldering of compo-
nents onto the PCB, thereby increas-
ing production speed and consis-
tency while reducing human error.
This combination of smaller compo-
nent sizes and automated assembly
processes enables lower production

costs through reduced material us-
age and faster assembly times. By
eliminating  magnetic  materials,
these diodes help maintain the in-
tegrity and accuracy of sensitive sys-
tems, which is crucial in applications
where magnetic fields can interfere
with electronic circuits. Further-
more, MMSM-packaged diodes are
designed to withstand the rigors of
modern electronic environments, en-
suring long-term reliability and dura-
bility even in challenging conditions.
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A Fig. 6 PIN diode in MMSM package.

Overall, MMSM-packaged non-
magnetic diodes leverage SMT to
provide significant benefits in terms
of space efficiency, manufacturability,
cost reduction, performance and re-
liability, making them an ideal choice
for a wide range of high-precision
and space-constrained applications.
Figure 6 shows a PIN diode in a non-
magnetic package.

FUTURE MARKET TRENDS

Recent advancements in neu-
rological imaging are being driven
by several key trends, notably the
development of 7T MRI machines.
These high-field MRI systems are
breaking new ground in the diag-
nosis and study of neurological
conditions such as Parkinson’s dis-
ease. The increased magnetic field
strength of 7T machines offers sig-
nificantly higher resolution images
compared to the more commonly
used 1.5T and 3T MRI systems. This
enhanced imaging capability allows
for more detailed visualization of
brain structures and abnormalities,
which is crucial for early diagnosis
and treatment planning in neuro-
logical disorders.

Typical peak RF powers for 1.5T
MRI machines generally range from
10 to 15 kW. The required power is
determined by a complex calcula-
tion that depends on several factors,
including the body tissue being im-
aged, the type of coils in use, wheth-
er the coils are configured in series or
parallel and the total magnetic power.
For a 3T system, the power require-
ment can exceed 30 kW. With the
advent of 7T systems and experimen-
tal 10T and 11T systems, the total RF
power required can approach 70 to
80 kW. The RF power amplifier tech-
nologies used in these RF supply sub-
systems can be selected from various
options, including VDMOS, LDMOS
and GaN. Despite the availability of
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high-power individual transistors,
these systems often need to combine
the power of 30 to 100 transistors to
achieve the necessary total peak out-
put power for the MRI machine.

7T machines are also being used
for improved imaging, especially in
the emerging segment of MR-guid-
ed surgery. These high-field MRI
systems are particularly beneficial
for detailed imaging of knees and
other specific body parts. Moreover,
they are becoming increasingly
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quency and application diversity in
the MRI industry, in addition to field
strength. Whole-body MRI systems
operating up to 7 T can have RF sig-
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up to 400 MHz. Many of the lower
signal strength 3T MRI systems op-
erate at a 127.74 MHz frequency
range, while some of these 3T MRI
systems operate at 123.2 MHz,
which means they are slightly lower
in terms of magnetic strength.

Another important trend in the
MRl industry is the shift toward
helium-free or reduced-helium MRI
machines. Helium is traditionally
used as a cryogenic coolant for the
superconducting magnets in MRI
systems. However, helium is both
expensive and increasingly scarce,
a situation exacerbated by geo-
political factors such as the Russia-
Ukraine war. The scarcity and high
cost of helium have driven the de-
mand for new MRI machines that
use significantly less helium or elimi-
nate the need for it.

This shift not only addresses the
supply chain challenges associated
with helium but also reduces the op-
erational costs and environmental
impact of MRI systems. As a result,
there is a growing market for these
advanced machines, leading to the
replacement of older 1.5T systems
with more efficient and sustainable
alternatives. These trends underscore
the ongoing transformation in the
MRI industry, driven by technological
innovation and changing market de-
mands. While these developments do
not directly impact the use and value
of PIN diodes, they do reflect the
growing need for new and advanced
MRI machines, which in turn influenc-
es the overall market landscape.

CONCLUSION

PIN diodes play a vital role in the
functionality and efficiency of MRI
systems. Their applications in RF
switching, Tx/Rx switches, phased
array coils and magnetic field homo-
geneity contribute to the high-quality
imaging capabilities of modern MRI
machines. The advantages of high
speed switching, high power han-
dling, low distortion and versatility
make PIN diodes an essential com-
ponent in the advancement of MRI
technology and the broader medi-
cal market. As MRI technology con-
tinues to evolve, the importance of
PIN diodes in enhancing image qual-
ity and diagnostic accuracy will only
grow, further solidifying their place in
the field of medical imaging.
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Evaluating Polarizer Performance

Andrew Laundrie

Eravant (formerly Sage Millimeter Inc.), Torrance, Calif.

aveguide polarizers are often

used in radar and communi-

cation systems operating at

microwave and mmWave fre-
quencies. When a circular polarizer is paired
with a suitable antenna, such as a conical
horn or a feed horn, it enables the transmis-
sion and reception of circularly polarized
waveforms. System designers can benefit
from understanding how polarizers work
and how their performance is commonly de-
scribed and measured.

Circular waveguide polarizers are pas-
sive components that accept linearly po-
larized input signals. They produce output
waveforms with circular or near-circular po-
larization. The output polarization is gener-

ally not circular but slightly el-
liptical due to various design
compromises or manufactur-
ing limitations. Choosing the
best polarizer depends on
practical considerations such

= | as the importance of polariza-
&\'f‘ tion purity, operating band-
width, size and cost. Figure 1
shows an example of an Era-

A Fig. 1 Eravant circular polarizers
are commonly used in radar and
communication systems.

68

vant V-Band linear-to-circular
polarizer operating from 50 to
75 GHz.

In many applications, a high degree
of polarization purity is essential. For ex-
ample, satellite communication networks
often use both right- and left-hand circu-
lar polarizations (RHCP and LHCP). Figure
2 shows a vector diagram for the electric
field of RHCP (Figure 2a) and LHCP (Figure
2b) waves. The individual electric field vec-
tors, as well as their combined vector, have
a constant magnitude, but the phase angle
changes with time. This changing phase an-
gle means the electric (and magnetic) field
vector rotates in a clockwise direction for
RHCP and a counter-clockwise direction for
LHCP when viewed along the direction of
propagation, the z-axis in Figure 2.

The phase difference of the components
of a circularly polarized electromagnetic
wave allows a single transmission chan-
nel to carry two signals simultaneously. In
some applications, good polarization purity
is desired for the transmitted signals and
the receiving antennas to control interfer-
ence between the channels. Additionally,
instruments like polarimetric radars and
radio telescopes often require high levels
of polarization purity. In contrast, some ap-
plications function well with only moder-
ate polarization purity. For example, many
communication systems transmit circular
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(a) on = Eoy = Eo, d=-m/2 (b) on = Eoy = Eo, d=n/2

A Fig. 2 RHCP (a) and LHCP (b) wave propagation of a
circularly polarized wave.1

polarization to reduce signal fading. Circularly polar-
ized signals can be received by linearly polarized an-
tennas having vertical, horizontal or diagonal orienta-
tions. Limited deviations from circular polarization do
not worsen signal fading appreciably.

POLARIZER OPERATION

Many polarizer designs have been realized with var-
ious advantages and disadvantages. Figure 3 shows a
septum polarizer. This type of polarizer has two rectan-
gular waveguide input ports and a square waveguide
output. A thin conducting wall separates the two rect-
angular waveguide inputs. The wall height decreases
over a short distance to increase coupling between

Antenna
LHCP

RHCP

® RHCP

Antenna

LHCP

A Fig. 3 Septum polarizer construction illustration.

the waveguide sections until the signal reaches a sin-
gle, square waveguide aperture at the output. Apply-
ing a signal to one of the inputs produces an RHCP
signal at the output. If the signal is applied to the other
input, the output is an LHCP signal. This architecture
enables septum polarizers to support two communica-
tion channels over a single wireless link while sharing a
common frequency band.

Circular polarization is generated using an ortho-
mode transducer (OMT). An OMT has two rectangular
waveguide ports coupled to a square or circular com-
mon port. The H port produces horizontal polarization
at the common port, while the V port generates verti-
cal polarization. To obtain circular polarization, signals
applied to the H and V ports must have equal ampli-
tude and a phase difference of £90 degrees when they
reach the common port. An example of an Eravant
OMT is shown in Figure 4.

GAHM
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A Fig. 4 Orthomode transducers can
transmit and receive circular polarization.
A variety of single-input polariz-
ers are also available. A typical de-
sign approach uses a tapered tran-
sition that takes the signal from a
rectangular waveguide to a square
or circular profile. The polarizing
section contains structural features
that affect one-half of the applied
signal differently than the other
half. The two signal components
are nominally shifted in phase by
+90 degrees with respect to each
other, producing near-circular po-
larization at the output. Ideally, the
two signal components have pre-
cisely the same amplitude when
they are combined at the output

A Fig. 5 A dielectric vane is used to
generate circular polarization.

of the polarizer. In practice, imped-
ance mismatches and other limita-
tions cause amplitude and phase
imbalances that impact polariza-
tion purity.

A variety of phase-shifting struc-
tures can be employed to achieve
the desired polarization outcome.
A typical configuration of this archi-
tecture is shown in Figure 5. The
illustration of this approach has a
dielectric vane oriented at approxi-
mately 45 degrees with respect to
the input electric field. Dielectric
loading effects will cause one-half
of the applied signal to propagate
slower than the other half. The dif-
ference in signal delay will create a

Standard Gain Hom Antennas
Fixed/Variable Attenuators
Cables and Cable Assemblies

A Fig. 6 A corrugated waveguide
assembly can generate circular
polarization.

90-degree phase shift between the
two signals when they reach the
output of the polarizer.

A square waveguide with corru-
gated surfaces on opposing walls
can also generate circular polariza-
tion. The corrugated walls will pro-
vide different propagation char-
acteristics than the smooth walls
and the output signal will depend
on the orientation of the applied
signal. When the electric field of
the input waveform is oriented at
a 45-degree angle with respect to
the waveguide walls, half of the
applied signal travels at a slower
speed than the other half, which
will affect the polarization. An il-
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A Fig. 7 Adjustable polarizers provide
RHCP, LHCP and linear polarization.

lustration of this type of waveguide
structure is shown in Figure 6.
Adjustable polarizers enable the
user to rotate the polarizing struc-
ture. Using this approach, the re-
sulting polarization can be continu-
ously varied among RHCP, LHCP
and linear polarization. These
types of adjustable polarizers are
often utilized in antenna test rang-
es to match the polarization of the
transmitted signal to that of the re-
ceiving antenna. Figure 7 shows an
example of an adjustable polarizer.

CHARACTERIZING POLARIZER
PERFORMANCE

A polarization ellipse is com-

74

A Fig. 8 An OMT is an effective
polarization filter for measuring the axial
ratio.

monly used to indicate the po-
larization state of an electromag-
netic waveform. It is also used to
describe the measured perfor-
mance of a circular polarizer. As
the phase angle of an RF signal
advances with time, the polariza-
tion ellipse traces the magnitude
and direction of the E-field vector
in an x-y plane. The ellipse has an
axial ratio (AR) and a tilt angle (1),
referenced to the x-axis. The di-
rection of rotation is either right-
or left-handed.

The AR is equal to or greater
than 1. Perfect circular polarization,
for which AR = 1, occurs when the
magnitude of the E-field vector re-

mains constant over time. Because
of its impact on the performance
of many radar and communication
systems, the AR is an important fig-
ure of merit for polarizers and circu-
larly polarized antennas.

Directly measuring the AR usu-
ally involves probing the electric
field produced by an antenna or
a polarizer. The test measures sig-
nal strength versus the tilt angle.
In many antenna test ranges, AR
and T are measured by rotating a
linearly polarized probe antenna
while recording the received signal
strength. AR is calculated as the ra-
tio of the maximum and minimum
E-field measurements.

Another standard test obtains
the amplitude and phase of the
electric fields measured in two or-
thogonal directions, typically hori-
zontally and vertically. The mea-
surements produce the complex
quantities E; and E¢ in spherical
coordinates or Ey and Ey in rect-
angular coordinates. The method
is described in IEEE Standard 149-
2021, Recommended Practice for
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Antenna Measurements.2

An effective measurement technique for waveguide
polarizers uses an OMT as a linear polarization filter.
An example of the setup for this technique is shown
in Figure 8. The V port is terminated with a matched
load to absorb the signal component entering the
OMT’s common port. During measurements of both
Ex and Ey or, equivalently, S,qx and S,4y, the H port
remains connected to Port 2 of a vector network ana-
lyzer (VNA). The input of the polarizer is connected
to Port 1 of the VNA through a rectangular-to-circular
waveguide transition. Between measurements of S,qx
and S,qy, the OMT is disconnected from the polarizer,
rotated 90 degrees and reconnected. The procedure
ensures phase and amplitude coherence between S,y
and S,qy measurements.

For many polarizer designs, the measured AR can
be impacted by impedance mismatches. Septum and
OMT polarizers are generally less sensitive to load
mismatches when compared to those using dielectric
vanes or corrugated waveguides. To minimize the ef-
fects of source and load mismatches, the rectangular-
to-circular waveguide transition connected to the po-
larizer input should have an internal mode suppressor.
The suppressor is usually a thin horizontal vane that
absorbs cross-polarized signals reflected by the polar-
izer or the load, thereby reducing measurement errors
caused by standing waves.
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CONCLUSION

With radar and communication systems increasing-
ly moving into microwave and mmWave frequencies,
waveguide polarizers are seeing more use. Implement-
ed correctly, the phase difference of the components
of a circularly polarized electromagnetic wave allows
a single transmission channel to carry two signals si-
multaneously. This improves the spectral efficiency of
a wireless signal, enabling higher channel data rates.
This article has described the theory and implemen-
tation of circular polarization. It has also discussed
some of the important parameters that determine the
performance of polarizers. In particular, the AR of a
waveguide polarizer can significantly impact the per-
formance of radar and communication systems. The
article has given insight into understanding what AR
represents and how it can be measured accurately to
help system designers select the best polarizer for a
given application.
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Phased-Locked Loops:
Breaking Integers

Alexander Chenakin
Anritsu Company, Morgan Hill, Calif.
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he ideal frequency synthesizer

should preferably be broadband

with fine frequency resolution, al-

lowing the device to address many
potential applications. Aside from frequency
coverage and resolution, phase noise and
spurs are critical parameters that impose
the ultimate limit on the system’s ability to
resolve signals of small amplitude. These
requirements of wide frequency coverage,
small step size and good spectral purity are
the key drivers in the development of mod-
ern frequency synthesizers."

Synthesizer characteristics depend heav-
ily on a particular architecture.2 For decades,
an indirect phase-locked loop (PLL) synthe-
sizer was the most common and popular
technique. As of today, PLL architectures still
dominate. A generic single-loop PLL has the

frer

feo LPE 4|>_f°i>

four/ N

+N

A Fig. 1 Functional diagram of a single-loop PLL synthesizer.

architecture shown in Figure 1. It includes a
tunable voltage-controlled oscillator (VCO)
that generates a signal in a desired fre-
quency range. This signal is fed back to a
phase detector through a frequency divider
with a variable frequency division ratio, N.
The other input of the phase detector is a
reference signal divided down to a desirable
step size. The phase detector compares the
signals at both inputs and generates an er-
ror voltage. After filtering and optional am-
plification, the voltage slews the VCO until it
acquires the lock frequency given by: four
= N fpp., where fpp is the comparison fre-
quency at the phase detector inputs. Thus,
the frequency tuning is achieved in discrete
frequency steps equal to fpp by changing
the division coefficient N.

The main advantage of the PLL synthe-
sizer is the excellent spur rejection resulting
from the inherent lowpass filter capabilities
of the loop. Note that the spurs are locat-
ed at multiples of the phase detector com-
parison frequency and can be easily filtered
out, as depicted in the diagram in Figure
2. However, this simple PLL synthesizer ex-
hibits various limitations and tradeoffs. The
main impact on the synthesizer performance
is the reality of large division ratios required
to provide a high frequency output with a
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LPF Response

/

LPF Response

Fractional-N Spurs

Fep 2 Fpp 3 Fep

Fep 2 Fep 3 Fep

A Fig. 2 PLL spurs are located
at multiples of the phase detector
comparison frequency.

fine resolution. Note that any noise
generated by the PLL components
is degraded at a rate of 20logN,
where N is the division ratio. The
division ratio is large in conven-
tional integer-N PLLs operating at
small step sizes because the step
size must equal the comparison fre-
quency at the phase detector. As a
result, significant phase noise deg-
radation occurs. Thus, this simple
single-loop architecture suffers from
mutually exclusive design goals.

Fractional-N  synthesizers use
fractional division ratios to break
this coupling between frequency
resolution and other characteristics.
This allows a higher comparison fre-
quency for a given step size. Frac-
tional ratios are possible by alternat-
ing two or more division ratios, for
example, N and N+ 1 and averaging
the output frequency over a certain
period.
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A Fig. 3 Fractional-N spurs can be
located within the PLL loop bandwidth.

Another way to look at this pro-
cess is to calculate the number of
pulses delivered by such a complex
divider for a given time interval. The
average division coefficient will be
between N and N+1 depending on
how many pulses are processed by
each divider. The biggest concern
associated with this scheme is that
the instantaneous frequency at the
fractional-N divider output is not
constant. An abrupt change in the
division coefficient leads to a phase
discontinuity that produces a volt-
age spike at the phase detector
output. Since the frequency division
change occurs periodically with the
same rate, it appears as discrete
spurs in the synthesizer's output
spectrum. Furthermore, these spurs
do not follow the integer relation-
ship with respect to the phase de-
tector comparison frequency and
can be within the loop filter band-

NORDEN’S ACGTIVE
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(a)

(b)

A Fig. 4 (a) DDS as a high frequency
reference in a PLL synthesizer. (b) DDS as
a fractional divider in a PLL synthesizer.

width. This situation is shown in Fig-
ure 3.

The direct digital synthesizer
(DDS) is another effective solution
to provide very fine frequency reso-
lution without the standard penalty
of the phase detector comparison
frequency reduction. The DDS can
serve as a fine-resolution, high fre-
quency reference, as shown in Fig-
ure 4a, or be employed as a frac-
tional divider, as illustrated in Figure
4b. While a DDS provides excellent
frequency resolution, its spurious
levels are usually quite high and
do not follow the integer relation-
ship. Moreover, the spurs further
degrade because of the PLL multi-
plication mechanism. Although the
two schemes in Figure 4 look differ-
ent, they affect DDS spurs similarly.
The ratio between the VCO output

NORDEN
MILLIMETER
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A Fig. 5 Frequency mixing improves
PLL performance.
and phase detector comparison fre-
quencies in both cases defines the
overall loop division coefficient.
The synthesizer's main character-
istics can be drastically improved
using frequency conversion (mix-
ing) within the synthesizer feedback
path, as shown in Figure 5. The idea
is to convert the VCO output to a
much lower frequency with a mixer
and an offset frequency source.
In specific scenarios, for example,
when the operating frequency range
is narrow, it is possible to eliminate
the feedback frequency divider. In
this case, the loop division coef-
ficient equals one and no phase
noise degradation occurs. However,
inserting a mixer brings another
spur generation mechanism due
to the mixer intermodulation prod-
ucts. Unfortunately, these spurs do
not follow the integer relationship

AEROSPACE/DEFENSE

PASSIVES
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four

A Fig. 6 Mixer chain in the PLL feedback path.

either. They can also fall within the
loop filter bandwidth, meaning the
loop filter cannot filter them.

A clever solution is to use a chain
of mixers within the PLL feedback
path.3 Individual offset signals can
be obtained from a standard high
frequency variable reference using
dividers and/or multipliers, as de-
picted on a general block diagram
in Figure 6. In this block diagram,
mixers M, to M; convert a VCO out-
put signal to the phase detector
comparison frequency, Fy, equal to
the synthesizer step size. The com-
parison frequency and mixer LO sig-
nals are produced from a common,
high-stability and low phase noise
reference signal using frequency di-
viders with frequency division ratios

D, to D; and frequency multipliers
with multiplication factors C; to C,
respectively.

A phase detector compares the
signals at both inputs and gener-
ates an error voltage, which slews
the frequency of the VCO to a lock
frequency given by Equation 1:

f=fitfat...LEfL+F (1)
After simple manipulations, the
result is shown in Equation 2:
f= 2
D1D2...Di-1DiCG £
Fo| D1D2...Di-1Co1 £ ...
+D1DCo = D1Cr £ 1

Since all the division and multipli-
cation coefficients are integer num-
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bers, we can write f as Equation 3:

f=FR XN 3)

Where N = (D1 DZDI-1 D1 Cii
D1 DZ"'DI-1 Ci_1i...i'D1 DzCziD1 C1i 1)
is an integer.

A desired output frequency
can be chosen using an additional
coarse-tuning divider with a pro-
grammable division ratio, N, in-
serted into the synthesizer loop.
The divider loop provides a simple
and reliable mechanism to pre-tune
the VCO to the correct frequency.
Then, the switch turns off the di-
vider feedback path and connects
the mixer chain to ensure no phase
noise degradation occurs. An es-
sential feature of this method is that
the mixers do not generate unde-
sired products within the synthesizer
loop bandwidth. The output of ev-
ery mixer includes many products,
including the fundamentals of the
mixer's RF and LO signals and their
harmonics, along with the sums and
differences of the RF and LO and
their harmonics. This relationship is
given by Equation 4:

@ +12v
LSS20B-2515.

N 120Ghz g7

+12v

& LSS-20B2515
M s20Ghzk l&imn

i
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Q e 0
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fuvix = =mfrr = nflo (4)

which can be written for the mix-
er, M;, as Equation 5:

fvixi= TmRN £
nfRD1D2...Di-1DiC; (5)

Assuming that all the coefficients
are integers, the mixer products are
given by Equation 6:

fvixi = ko (6)

Where k is an integer number.
Similarly, it can be shown that all
harmonic and intermodulation
products generated by the mixer
chain are multiples of the phase
detector frequency, Fy, which a PLL
loop filter can easily reject.

Moreover, the residual noise of
the PLL can be further reduced by
inserting a frequency multiplier in-
stead of a divider into the feedback
path. This architecture is depicted
in the functional block diagram of
Figure 7. Putting the multiplier
within a PLL suppresses phase
noise at a 20logN rate, operating
exactly the opposite way to a fre-
quency divider.

+12v
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In general, there can be three
basic scenarios for constructing a
PLL. These are as follows:

* N>1: A frequency divider within
the PLL loop (residual phase
noise is degraded at 20/ogN)

e N=1: No division within the PLL
loop (residual phase noise is not
degraded)

* N<1: Afrequency multiplier with-

forrser

A Fig. 7 Inserting a multiplier into the
PLL feedback path.
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in the PLL loop (residual phase noise is improved at

20logN).

Thus, the proposed scheme allows minimal phase
noise degradation beyond the fundamental 20/ogN
rule. This keeps the integer relationship and phase-
locked loops’ excellent spur rejection capabilities.
Do we still need to break the integer relationship? If
a design requires an infinitely small size, then yes, the
integer relationship must be broken by introducing
fractional-N or DDS techniques. However, in this case,
it should be done within a relatively small band to fill
in the gaps in the frequency plan. This certainly helps
optimize the architecture and efficiently use other
techniques, such as frequency up-conversion followed
by frequency division, to minimize any additional spur
intervention. Note that the phase noise of the avail-
able reference source still limits the synthesizer phase
noise. Thus, having a reference with the lowest pos-
sible noise is essential in any frequency synthesizer
architecture.

The principles presented in this article can be high-

lighted to aid in modern PLL synthesizer design:

* Use integer-N techniques to employ PLL filtering ca-
pabilities for efficient spur suppression

* Use multiple conversions within the loop to minimize
phase noise and spur degradation while keeping in-
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Parts
In Stock

teger relationships for all phase detector and mixer
products
e Use frequency multiplication within the loop for ad-
ditional phase detector noise suppression

® Break the integer relationship at a single point with
the smallest possible bandwidth, together with ad-
ditional spur suppression techniques.

These principles are used in the Rubidium™ signal
generator from Anritsu Company. This device demon-
strates phase noise better than -140 dBc/Hz at 10 GHz
output and 10 kHz offset and excellent spurious per-
formance.*> Further improvements are possible using
better reference sources such as sapphire-loaded cav-
ity oscillators or optoelectronic methods. m

References

1. A. Chenakin, “Frequency Synthesis: Current Status and
Future Projections,” Microwave Journal, Vol. 60, No. 4,
April 2017, pp. 22-36.

2. A. Chenakin, Frequency Synthesizers: Concept to Prod-
uct, Artech House, 2010.

3. A. Chenakin, “Low Phase Noise PLL Synthesizer,” U.S.
Patent No. 7,701,299, April 2010.

4. A. Chenakin, “Frequency Synthesizers Having Low Phase
Noise,” U.S. Patent No. 11,817,871, November 2023.

5. A. Chenakin, S. Ojha and S. Phadnis, “Rubidium™ Sig-
nal Generators Redefine Industry Standards for Spectral
Purity and Stability,” Microwave Journal, Vol. 64, No. 11,
November 2021, pp. 40-42.

Precision RF Components

Same-Day Global Shipping From USA

,000

RF Engineers |
Rely On

GHz

Frequency
Support

O, www.FlexiRF.com

Flexi RF,Inc
o 3070 Scott Blvd., Santa Clara, CA 95054 United States () (650) 880-9199

86

N/
& i
81 £+
T A

e ..

MW]JOURNAL.COM m MAY 2025



FLANN F) =

GUARANTEED PERFORMANCE FROM 1GHz TO 1.1TF

HIGH FREQUENCY

Flann instruments are already used in developing 6G
Systems, and as the market moves to higher frequencie
we will continue our path of providing cutting edge
waveguide solutions.

HIGH POWER

We are able to stretch the capabilities of waveguide
to design, manufacture and validate high power
solutions for many industries and applications.

DEFENCE

Defence applications are always challenging. Our abilit
to customise products to offer high reliability across a
range of environments is why we are trusted by the

leading organisations in this sector.

SPACE

As an established supplier within the spaceflight supply
chain, we offer a growing heritage of flight-proven
waveguide products, designed to meet the demanding
standards of modern space missions.

GET IN TOUCH



ApplicationNote

Bk

How Hot Do Those Isolation
Resistors Get?

Steve Huettner, Chris Hermanson, Andrew Gooden, Jonathan Lamb, Justin Sayres

and Ben Cannon
Nuvotronics, Durham, N.C.
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(b)
A Fig. 1 (a) Nuvotronics combiner. (b) Simplified combiner
schematic.
88

his article describes how isolation resistor tem-
peratures are affected by phase imbalances in a
real-world power combiner, followed by the re-
sults of power testing a modified back-to-back
(B2B) combiner that stresses the resistors without causing
a failure. A photo of a Nuvotronics 80 W, 6 to 18 GHz,
four-way air-coax power combiner is shown in Figure 1a.
This network serves as the foundation for the examples
presented in this article. As shown in the simplified sche-
matic of Figure 1b, the combiner is a cascaded Wilkin-
son design featuring five 100 Ohm isolation resistors that
provide a minimum of 13 dB of isolation between inputs
across the entire band. It is rated for temperatures up
to 85°C and exhibits a loss of just 0.34 dB at the center
frequency. This combiner uses the PolyStrata® manufac-
turing process to create its air-coaxial transmission lines.

In a Wilkinson power combiner, removing heat from
isolation resistors can be a challenge. Typically, improving
the thermal path adds capacitance to the structure, which
can detune the RF performance. This is especially true in
air-coax structures. In the 6 to 18 GHz combiner, the ther-
mal resistance of the isolation resistors was evaluated to
be 28°C/W using ANSYS software. Future designs have
identified a path toward 3°C/W and these designs may
become available in 2025.

The isolation resistors that are used in the PolyStrata
combiners are CVD diamond thin film products from
Smiths.? These resistors are typically configured in a 0402
package and rated to 20 W dissipation when attached to
a suitable heat sink. According to the manufacturer, the
resistors are rated to full power at a film temperature of up
to 125°C, but they must be derated linearly to O percent
power at 150°C. This derating curve is shown in Figure
2. The temperature and power capability of the isolation
resistors limit the allowable out-of-balance conditions
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when a combiner
100%

is used in a solid-
state power ampli-

fier (SSPA). Rated

Power °0%

HFSS/MWO
"HYBRID"”

Safe Operating Area

COMBINER o
MODEL 255

The 3D HFSS
model for the

(«
o 7 o5 125 150

Temperature (°C)

ﬂve—por‘t, four-way A Fig. 2 Safe operating area for diamond thin film resistors.

power  combiner
was reconfigured
to remove the re-
sistors. This was
done to model the
power  combiner
as closely as pos-
sible to the actual
configuration while
allowing access to
resistors to evalu-
ate their power
dissipation under
different  configu-
rations. RF ports
were added to the
resistor sites, re-
sulting in a 15-port
network. The HFSS

model is illustrated
in Figure 3a, where
Ports 6 through 15
are not depicted in
the overall model.
Figure 3b is an

cﬁ—wJ_]‘; ; N ‘

example  resistor,
showing where
Ports 6 and 7 have
replaced the resis- | !
tor film.

Using Mi- | ()
crowave Office
(MWO), resistors

were reintroduced
into the network
in a "hybrid” HFSS/MWO model.
MWO enables the convenience of
harmonic balance for quickly assess-
ing power performance. An MWO
schematic of the rebuilt combiner is
shown in Figure 4a. The block dia-
gram in Figure 4b maps the posi-
tions of the five resistors within the
network. For example, resistor R1 is
closest to the common port or the
output of the combiner.

The 6 to 18 GHz power com-
biner can use available 20 W GaN
power amplifiers to achieve a 75 W

A Fig. 3 (a) 3D circuit model showing Ports 1 to 5. (b) Port
definition at R1 resistor interface.

SSPA power stage. A very simple
linear model of such a power stage
is shown in Figure 5. In this mod-
el, the A1, A2, A3 and A4 amplifi-
ers are fed from a lossless four-way
divider, providing 20 dB of linear
gain to feed power into the hybrid
combiner model. With 29 dBm (800
mW) of input power to the network,
the output power is predicted to be
approximately 74 W at 10 GHz. This
is slightly less than the available 80
W, as the combiner network has an
insertion loss of 0.34 dB. Lossless
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RY = R2
— £y
11 HFSS |- 2
— Model [~ R1 & =
| = :
ISEE]
f )
SRS C R4
S :

(a)
o Ry W
2R3 < R2
3 b1 11
s S e N ey B B U
| —
R1 < t=q
%
I —
De—={ Fo—pd )—«47.4; ‘ﬁ
S R5 S R4 :
po—et— bl o
(b)

A Fig. 4 (a) HFSS model with five
external resistors. (b) Power combiner
block diagram.

phase shifter elements, ®1, 2, ®3
and ®4, are in the model to vary
transmission phases between am-
plifiers, as they will not be ideally
matched in real-world conditions.
In this study, amplitude imbalances
are neglected because they create
less mismatch.

PHASE MISMATCH EXAMPLE 1

In this example, amplifiers A1
and A2, as well as amplifiers A3
and A4, are assumed to be phase-
matched pairs. When there is a
phase difference between these
pairs, all the mismatched power
dissipates in a single resistor, R1, as
shown in the schematic of Figure
4b. For this example, the phase dif-
ference between the pairs was set
to O degrees for the in-phase case
and then 20 degrees for the out-of-
phase case.

The output power drop result-
ing from these phase conditions is
shown in Figure 6. When the phas-
es are aligned and the phase differ-
ence between the

®1 A1 amplifiers is O de-
71 e grees, the output
= L power is 74.2 W at
the band center of
& @2 A2 12 GHz. When the
" . o1 P, s d amplifier pairs are
= = out of phase by 20
Lossless

Divider Hybrid | degrees, the out-
@3 A3 Combiner | put power decreas-

51 P Model | a5 t0 72 W.
— b Figure 7 illus-
trates the power
P4 A4 dissipated in the R1
(2] Q resistor during CW

operation. For the

A Fig.5 75 W power stage model.

in-phase condition,
no power is dissi-

SSPA Power Stage Power Output
80 m5: m1: mé:
8 GHz 12 GHz 16 GHz
74.37 W 7419 W 73.34 W
/\Phalse 1=0 Phase 1=0 Phase 1=0
75
g In Phase
o
o 70 \
5 m2: m3: mé: \
a 8 GHz 12 GHz 16 GHz
= 7215W 72.01 W 7117 W
o 65 Phase 1= 20 Phase 1 = 20 Phase 1 = 20
60 1 1 1
4 8 12 16 20
. 8 Frequency (GHz)
sales@plcomcs.com

A Fig. 6 Example 1 power output response resulting from phase mismatches.

P: 978-649-7501
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X - BAND HP LIMITERS

SSPA Power Stage Power Dissipated in Resistor R1

8-12 GHz, 100 Watt CW,
1 KW Peak

3.0

25

20 — T

1.5 2188 W
Phase 1 =20 \
1.0

0.5

Resistor Dissipation (W)
EW
o)
=

0 . . .
4 8 12 16 20

Frequency (GHz)

A Fig. 7 R1 power dissipation for the Example 1 phase mismatch conditions.

SSPA Power Stage Resistor R1 Temperature

. High power protection 100W CW 160
and 1 KW peak (1 microsec pulse .
width) g - — 1
. Very low leakage level (+10 dBm typ.) o 140 I
. Low insertion loss and VSWR. = m01¢ G
. Ideal for Radar Application g }4'61.26Hz
. Fast recovery time, 1 Microsec Typ. g— 120
. Built-ln DC Block @ input and @
output. 5
. Hermetically sealed module B
. Removable connectors for surface &3 100
mount installation. Baseplate = 85°C
Typical Performance @ + 25 Deg. C : 804 8I 1I2 1I6 20
FREQ MAXIMUM " MAX Frequency (GHz)
MoDEL | RANGE | sermon | MAX | weur
LOSS (dB) A Fig. 8 R1 film temperature profile caused by a 20-degree phase mismatch.
»" .
l LS0812PP100A|  8-12 20 21 100
- Note: 1. Insertion Loss and VSWR 100% (( (20 W)
Rated q
P:v: or 50% Safe Operating Area 146°C
22W
R1 Worst-Case Condition
0% {5
-55 0 25 125 150

Temperature (°C)

A Fig. 9 The worst-case condition for Example 1.

pated in R1. However, in the case
where the amplifiers are 20 degrees
out of phase, R1 would dissipate 2.2
W at the worst-case value of 10.1
GHz over the 4 to 20 GHz frequency
band.

Using the power dissipation re-
sponse and the 28°C/W resistor
thermal resistance of the resistive
film calculated earlier, the tempera-
ture increase in the isolation resis-
tor in the model can be calculated.
Assuming an 85°C baseplate tem-
perature, the 20-degree phase dif-

ference creates the thermal profile
shown in Figure 8. The maximum
temperature increase is 146°C at
10.1 GHz.

Figure 9 superimposes this
worst-case temperature increase
for R1 onto the derating response
shown in Figure 2. While the tem-
perature/power point remains with-
in the safe operating area for the
resistor, there is hot much room for
error. This means the R1 resistor can-
not be stressed much further while
maintaining reliable operation.
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in Example 1. This
results in a more

mismatch.
severe power deg-

A Fig. 10 Power output profile from Example 2 phase

radation scenario,

SSPA Power Stage Power Resistor Dissipations

as shown in Figure 30 m:

10. Now, the out- | _ = R2 and R4 (W) e

put power for the | £ R3 and RS (W) >/_
out-of-phase case | § 20

decreases by ap- | &

proximately 5 W. | 2 15

Dissipating 5 W in | 5

a single resistor at | 2 '©

an 85°C baseplate | ©

temperature in this

combiner  would 0 : : ;

result in failure. 4 8 12 1 20

Fortunately, in this

Frequency (GHz)

example, the dis-
sipated power is
spread across iso-
lation resistors R2,
R3, R4 and R5 as shown in the sche-
matic of Figure 4b.

The power dissipation profiles for
the four “hot” resistors are shown
in Figure 11. The power dissipa-
tion in these resistors is not equal.
The worst-case dissipation across
the 6 to 18 GHz operating band
of the four-way combiner occurs at
18 GHz, where R3 and R5 dissipate
2.15 W. However, Example 1 has
shown that this is a safe level of dis-
sipation at an 85°C baseplate tem-
perature.

These results suggest several key
conclusions. First, phase mismatches
should be minimized. This is espe-
cially true for phase mismatches that
affect R1. This is most critical be-
cause R1 does not share its thermal
load with a second resistor, unlike
the R2/R3 and R3/R4 resistor pairs.

EXPERIMENTAL VERIFICATION

OF RESISTOR SURVIVAL
Mismatching the phase of the

high-power amplifiers needed to

A Fig. 11 Power dissipated in resistors R2, R3, R4 and R5
from Example 2 phase mismatch.

=
-=
This Side has
a Kapton Tape
Label
Laser Cut
Thru, 2 Places

(b)

A Fig. 12 (a) B2B combiner with cut
path. (b) Laser-cut circuit diagram to
replicate failed amplifier.
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test the resistor temperature model
el e R e e could be a costly and complicated
- e RBZRZ. . endeavor. Add|t|onally, ‘measuring
Connector L 1 : Connector resistor temperatures inside a com-
odel | et e e I ode . . .
=" P g biner would require removing the
A L e | b isolation lids, which would negative-
: /i Input at ly impact RF performance. As a re-
‘ gen | Cut | e e e 3 15 GHz sult, a simpler, indirect method was
. t t Path ! .
High-Power Lt Llrot R0 RS R4 1 developed to stress the combiner
Termination . 1 | . .
e —" e —" resistors to the edge of their safe
operating area and demonstrate
survivability.
A Fig. 13 Schematic of B2B combiner with cut path. Y
B2B Small Signal Performance S11 Cut Path B2B Experiment S11 Cut Path B2B Experiment Divider
0 0 = Resistor Dissipations
Before Cut 1
g N - 15 Gz S \EWRW Row)] A~ (]
T -10 @ -10 \ -16.4dB g 4 T
3 N VRS WY 2 INAN B/ ]
3 5 2 7 \(/ 2
2 @
c a -20 a 5
3 c =
@ 30 /\ /\ /\ 5 -25 g
& Wi v | i3 2
& =30 [{Modeled | 2
40 | | | _35 Measured
4 8 12 16 20 o ‘ ‘ ‘ . o
Frequency (GHz) - 4 8 12 16 20 requency (GHz)
B2B Small Signal Performance Sy1 Frequency (GHz) Cut Path BZ.B Expgrimeqt Combiner
0 Cut Path B2B Experiment S; 5 Resistor Dissipations
Before Cut L 176 21 s
2 | _ o g *[[rwrew A
& '\/\—\\__\/\__\'\’\ % 1 Modeled m1: o 4 mi:
g -2 2 Measured lg.OGO'jfde % s X\/\/\ %§3$4H®/ \ I
] (o] o
g -3 /\/\/\ /\ _CI 3 A _8 2 <
E N EA 7~ | |E
e [\ v g . = 2
C n v
£ 5 I £ -5 I [a}
6 | | | -6 L L L
4 8 12 16 20 4 8 12 16 20
Frequency (GHz)
Frequency (GHz) Frequency (GHz)
) B B A Fig. 16 Predicted resistor dissipations
A Fig. 14 B2B Sy (top) and Sy A Fig. 15 _Small-signal modeled and in cut B2B combiner for divider resistors
(bottom) combiner performance before measured Sy, (top) and S, (bottom). (top) and combiner resistors (bottom).

and after cutting the path.
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0w oW
< R7 = R8
Connector ! 0 e
177W o
I " R6 = 115W
19.75W =
i ¥ Cut
High-Power t 1
Termination = R9 = R10
237W  1.04W

» path 7]
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SRISR2 |
R ; Connector
C" =336 W Wi
nput
17w ; g at 15 GHz
L 099w
103W 237W

A Fig. 17 Predicted cut B2B combiner power dissipation.

This method involved modifying a B2B combiner to
simulate a graceful degradation of a failed amplifier.
The B2B combiner is illustrated in Figure 12a. The dia-
gram in Figure 12b illustrates an RF path that has been
laser-cut to create an open circuit, simulating a failed
amplifier.

A simplified schematic of the B2B network with the
circuit cut is shown in Figure 13, which identifies the
resistor nomenclature. The left side of the structure is
designated the “divider,” while the right side is the
“combiner” function. To measure the heating effects, a
high-power CW signal was injected into the combiner
input port on the right side of the diagram. RF connec-
tors on the evaluation board introduce loss, but this is
accounted for using a connector model with loss pro-
portional to the square root of the frequency.

Two-port S-parameters of the B2B network were

Made in the USA

RoHS Compliant

REACH Compliant

ISO 9001:2015 Certified

werbelmicrowave.com ¢ (973) 515-300I * Whippany, NJ

100

evaluated before and after the modification, as shown
in Figure 14. Disconnecting one path reduced return
loss and increased insertion loss as expected. Much of
the increased loss is due to power being dissipated in
the isolation resistors.

Figure 15 compares the small-signal response of
the cut B2B network with that of the hybrid HFSS/
MWO model. There is a close correlation between the
modeled and measured S;; and S,y magnitudes. This
serves to illustrate the accuracy of the hybrid modeling
approach.

Resistor dissipation is strongly dependent on fre-
quency. For this experiment, a 40 W signal was injected
at 15 GHz and the HFSS/MWO model was used to pre-
dict resistor dissipation. Figure 16 shows the modeled
results, with R4 and R9 dissipating 2.37 W at 15 GHz.
This is more than double the dissipation seen in R1, R5,

Reliable GPS Signal
Distribution Starts Here

Introducing the
WMS8PD-GPS-ACT-S
8-Way Active GPS Splitter

WERBEL MEANS QUALITY
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Cut Path B2B Experiment Combiner
Resistor Temperatures

O 250
o
5 AN A
2 200 1514
2
150
£
Y XA
5 100 |
0
g 50 1 1 1
= Ny 8 12 16 20

Frequency (GHz)

100% ———{—— 20 W)

IE::: :r 50% Safe Operating Area 151°C
227 W
R4 and R9 During B2B Cut
Trace Experiment
0% {5
-55 0 25 125 150

Temperature (°C)

A Fig. 18 Predicted combiner resistor
temperatures.

R6 and R10. Resistors R2, R3, R7
and R8 are not in line with the cut
path and therefore do not dissipate
any power.

A summary of the modeled pow-
er dissipation during the cut B2B ex-
periment is shown in Figure 17. The
total power dissipation for the resis-
tors is 9.13 W, while the connectors
dissipate 5.13 W. Accounting for a
reflected power of 0.99 W, since Sy,
is not perfectly matched and 19.75
W power output, this means 5 W

A Fig. 19 R4 and R9 results are just outside the safe operating area.

is dissipated in the PolyStrata coax
transmission lines. These lines can
easily handle this thermal load.

The network was heated to a
baseplate temperature of 70°C and
subjected to increasing power lev-
els at 15 GHz. The resulting resistor
temperatures, subjected to an input
power of 40 W CW to the cut path
B2B combiner for 30 minutes, are
shown in Figure 18. R4 in the com-
biner and R9 in the divider sections
dissipate an equal amount of pow-
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er and these two resistors show a
worst-case temperature of 151°C in
response to the 40 W input power.
Performing the same analysis as
earlier, Figure 19 plots the R4 and
R9 temperature and power condi-
tions against the safe operating
area. At 150°C, the resistor is rated
at zero power, so the cut B2B op-
erating condition of 151°C is out-
side the safe operating range of the
resistor. After the power exposure,
the part was re-evaluated and no
change in performance was ob-
served. Although it did not fail, con-
tinued operation at this point would
constitute a reliability concern.

SUMMARY

This article examines the impact
of phase imbalances on power dis-
sipation in Wilkinson power divider
and combiner architectures. Using a
Nuvotronics PolyStrata combiner as
an example, a straightforward, in-
expensive method is presented for
predicting the temperature increase
of an isolation resistor using a physi-
cal model of a power combiner. The
article also presents the modeled
results when the PolyStrata com-
biner/divider is subjected to various
input powers and phase imbalance
relationships. Rather than an ex-
ercise in modeling and matching
modeled results to actual results,
the experiments described in the
article highlight constraints and po-
tential challenges that arise when
isolation resistors are stressed to the
limit of their safe operating range.
I
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he past 15 years have

seen an upheaval in

space technology

trends. Now, there is a
mix of legacy or “Old Space” appli-
cations from organizations such as
NASA and ESA with incredibly strin-
gent requirements and low volume
expectations and “New Space” ap-
plications with a more commercial
and mass market approach from
emerging space technology com-
panies.m There is a multitude of
small research, science and more
recently founded national space or-
ganizations undertaking a diverse
range of missions at an incredible
pace.2 What is true for all these

Peter McNeil

Pasternack, an Infinite Brand, Irvine, Calif.

applications is that RF, microwave
and mmWave technologies are still
essential for communications and
sensing missions. These technolo-
gies enable important features for
spacecraft systems and payloads.
Higher frequency and higher-densi-
ty applications mean more RF sys-
tems with even smaller footprints
and more interconnections. Coaxial
cables, connectors and assemblies
are necessary for connecting space
systems and payload components.
However, they may also introduce
a host of failure modes to some
of the most sensitive space equip-
ment. This makes ensuring that co-
axial interconnections meet space

standards for per-
formance and reli-
ability a high pri-
ority for designers
and systems. These
satellite platforms
and payloads have
many different form
factors, which cre-
ate distinct chal-
lenges for each
application. Figure
1a shows the 1U
PhoneSat  space-
craft. Figure 1b
is the 12U CAP-

(a) 1U PhoneSat spacecraft. (b) 12U CAPSTONE
spacecraft. (c) 3U CLICK spacecraft. (d) 6U PTD-3 spacecraft.

Source: NASA and Terrain Orbital.2
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STONE spacecraft.
Figure 1c is the
3U CLICK space-
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craft and Figure 1d is the 6U PTD-3
spacecraft. These spacecrafts have
all flown in orbit and are classified as
CubeSats, but the size and footprint
mean that interconnection consid-
erations and requirements can differ
substantially.

There are many different types of
space applications and platforms.
Some of the more common types
are:

Deep space exploration

Space stations

Satellites in various orbits

Launch vehicles

Rover vehicles, along with other

sampling and experimental mo-

bile platforms

® Lunar base and exploration ve-
hicles and habitats

® Mars missions and habitats.

For legacy applications, classify-
ing components as space-grade has
historically meant that these compo-
nents meet extremely rigorous ma-
terials, sourcing, processing, quality
control, verification and manufac-
turing requirements. These require-
ments are typically determined by
the space agencies or governments
of countries that actively operate
space programs. These efforts have
created a large body of knowledge
addressing how various materials,
material combinations and fabrica-
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tion methods operate in space en-
vironments and microgravity. While
many of the newer space programs
and applications do not include the
same highly exacting standards and
requirements as legacy space pro-
grams, the knowledge gained from
these programs is still instrumental
in determining what works best in
space.

New Space programs gener-
ally do not operate with the same
expectations as legacy space ap-
plications. Missions are shorter and
the purpose of the mission may not
be as critical. This may relax qual-
ity standards and widen the viable
material selection and fabrication
approaches for these missions. This
approach will generally reduce the
cost of most components since the
rigorous standards of critical space
programs lead to higher costs,
even at volume. With New Space
programs able to relax some qual-
ity requirements and standards and
increase volumes, systems can use
traditional space-grade compo-
nents like coaxial assemblies and
connectors. The advantage of this
approach is that higher volumes
and relaxed quality control require-
ments translate to lower costs.

Regardless of the mission, there
are intrinsic hazards in space and
steps that must be taken to ensure
a component fulfills the mission re-
quirements. The first consideration
is whether the component survives
the shock, vibration and accelera-
tion stresses associated with launch.
Next, the materials and construction
must handle space’s vacuum and
microgravity conditions. Almost all
materials release gases when in low-
pressure environments. The rate of
gas release and the composition of
these released gases significantly
impact the viability of a material in
space. An important consideration
is how long before material outgas-
sing begins to affect the component
or the operation of other compo-
nents.

Although the ambient tempera-
ture in a vacuum is extremely low,
there are several ways that an RF
component may be heated. These
include solar radiation or waste
heat from other space platform or
payload components. As a result,

COVER FEATURE

space-grade components must op-
erate reliably and survive over wide
temperature variations and repeat-
ed cycling over these temperature
ranges. Temperature fluctuations
are one of the significant causes of
failure for many components since
thermal cycling causes dimensional
changes in the component materi-
als and structure. For space-based
systems, radiational cooling may
be the only method of removing
heat. This cooling method is slower
and less effective than conduction
or convection at removing heat,
raising concerns about how long a
component experiences extreme
temperatures.

One of the most significant con-
cerns for space survivability is the
ability of a component or system
to withstand cosmic radiation and
solar weather, often referred to as
“space weather.” This space weath-
er can consist of storms of high-
energy particles, wideband electro-
magnetic (EM) radiation and intense
electric/magnetic field phenomena.
One of the main concerns with EM
radiation is high-energy X-ray and
gamma-ray radiation penetrating
shielding and reacting with internal
system components. Generally, this
is a more significant concern for ac-
tive electronic components that use
semiconductors and integrated cir-
cuits. This radiation, at high enough
levels, can trigger internal faults and
may destroy active devices if these
devices are not adequately radiation
hardened. This concern extends be-
yond active devices as high-energy
EM radiation can degrade and dam-
age passive RF component materi-
als and structures.

The orbit's distance from the
Earth's surface heavily influences
the actual space environment. Most
legacy space missions are in outer,
lunar, highly elliptical orbit (HEO)
or geosynchronous orbit (GEO).
These orbits are relatively far away
from the Earth’s surface. Space plat-
forms and payloads in these orbits
are farther outside the protection
of Earth’s magnetosphere, making
these missions more susceptible to
space weather.

Many of the newer space mis-
sions are in medium Earth orbit
(MEO) and low Earth orbit (LEO),
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which are much closer to the Earth
than outer orbit or GEO missions.
This closer proximity to Earth results
in greater protection from some
space weather. However, these ve-
hicles must travel much faster and
need greater positioning preci-
sion to maintain orbit. The most
cluttered orbit is LEO, which has a
high concentration of active satel-
lites and space debris. This means
a higher likelihood of a collision that
could damage a LEO mission than
GEO and outer orbit missions. Fig-
ure 2 shows the range of distances
for some of the orbit designations.

The orbital slot, expected mis-
sion lifetime, performance, mis-
sion control standards and regional
regulatory agencies largely deter-
mine mission requirements. The
performance and organizational
standards are generally demand-
ing with NASA, ESA and other na-
tional space agencies. There are
many small and short-lived edu-
cational, scientific exploration and
government-sponsored  missions.
These include CubeSats and small-
satellite (SmallSat) projects. These
missions often involve collabora-
tions among many institutions with
various requirements and usually
limited budgets. New Space com-
panies frequently provide another
wrinkle. These companies are often
commercial enterprises focusing
on introducing new services pre-
viously unavailable to consumer,
non-government and government
users. These New Space compa-
nies typically have internal require-
ments and quality control programs
that may not be transparent to the
public. Their procurement models

COVER FEATURE

tend toward screening many com-
mercial products to determine what
will support their missions. This par-
adigm differs from the traditional
legacy approach of ordering cus-
tom-designed parts from approved
vendors.

Some of the essential require-
ments to consider for products go-
ing into space:

Footprint and weight

Physical ruggedness
Temperature range

Cosmic radiation and space
weather

Flashover

Outgassing

Residual magnetism

Materials and traceability
Manufacturing environment
Quality (IPC Standards Class 3)
Electrical characteristics.

A satellite platform or payload
may have size restrictions that can
influence the choice of technology
and architecture. The miniaturiza-
tion resulting from higher micro-
wave and mmWave frequencies is
advantageous for footprint- and
weight-constrained  applications.
These size and regulated-spectrum
considerations explain why micro-
wave and mmWave frequencies
are attractive for terrestrial-to-space
and space-to-space communica-
tions. However, with smaller electri-
cal components and elements, care
must be taken in the design and
manufacturing process to ensure
each element can withstand the
shock, vibration and acceleration
forces associated with launch and
survivability.

Operating and storage temper-
ature ranges also factor into part
suitability for space applications.
Depending on the orbit and expo-
sure of the electrical parts, even the

High Earth & Geosynchronous Orbit (>35,780 km)
Mid Earth Orbit (2,000-35,780 km)
Low Earth Orbit (180-2,000 km)

Lunar Orbit (384,000 km)

Orbit designations. Source: NASA illustration by Robert Simmon.3

SATELLITE & SPACE m MAY 2025




From Ground
to Deep Space ~

A spectrum of solutions
for RF & Microwave

=S
N -

) -
. — —
—
Ad ) 4
-, 2 .
y

L

- £

s ‘" y

Commercial off-the-shelf
rad tolerant parts

\NV( Space-grade RF/MW PCBs

D Space-qualified RF components
and integrated solutions

@ ikl g
& Switching solutions for space

High voltage connectors and
cable assemblies for space

High performance microwave
2 interconnects and cable assemblies
for space L »

Aerospace & Defense Electronics "“ T E L E DY N E
TeledyneADE.com



ONE SOURCE FOR ALL YOUR SPACE EM
WAVEGUIDE & COAXIAL SWITCH NEEDS

-19 JUNE 2025

MOSCONE CENTER SAN FRANCISCO, CA
(00e])  [-XX-TXIH- 1K Booth # 2136

Waveguide & Coaxial Switches

| SPACE QUALIFIED ELECTROMECHANICAL |
| CLASS K - MISSION SPECIFIC COTS |
B

[ogus designed
WR19 W/G Switch with
6 Million Cycle Life for

BAE Systems operating
flawlessly on the ISS.

-
ot

Vol N
R Switches HIGH Power X-Band DC-18 GHz,
TNC,SPDT  HIGH Power  pDPDT SMA
WR112 c

With Aeroglaze
Paint

SATCOM Ground Switches

Fwr7s] [wr137] [WR229]

a 'af/i J

M-

* Also available as DUAL Switch *

I o ife
B )

LOGUS.COM

| SALES@LOGUS.COM

. OFFICE: (561) 842-3550

@ WEST PALM BEACH, FL
33409

SATELLITE
& SPACE

-550°C to 125°C military tempera-
ture range may not be adequate.
A more acceptable temperature
range for space-grade components
is -65°C to 150°C and some appli-
cations exceed even this range. The
materials and construction methods
must be carefully selected to oper-
ate reliably over such a wide range.
Moreover, burn-in or other methods
of operating temperature stabiliza-
tion may need to be considered.
These considerations may include
matching the coefficient of thermal
expansion of various materials and
construction stack-ups to ensure
operating requirements can be met.

Silver and gold plating over cop-
per/beryllium copper is common for
space-grade components due to
the superior electrical conductivity
of silver and the reduced reactiv-
ity of gold. These metallic platings
must conform to stringent quality
requirements to ensure reliability
and effectiveness, often with indus-
try standard methods, quality test-
ing and contact plating thickness
expectations. Stainless steel parts
must frequently be passivated for
corrosion resistance and made from
non-magnetic compositions.

A flashover is an unintended
electrical discharge that occurs
across an insulator. This phenome-
non can occur in enclosed spaces in
electronic components, such as co-
axial cable assemblies with air-gaps
and minimal dielectrics. The most
common cause of flashover is low-
pressure arcing. Avoiding this con-
dition requires careful part selec-
tion and system design to prevent
the conditions that cause arcing or
combustion to occur. Materials and
construction methods for space are
often governed by outgassing stan-
dards such as ASTM E-595. This
standard outlines test methods for
measuring total mass loss (TML) and
collected volatile condensable ma-
terials (CVCM) percentages. A low
TML and CVCM percentage is often
desirable for space applications be-
cause it means the build-up of par-
ticles and debiris, along with outgas-
sing, is low. If these factors are not
adequately considered, the result
could be performance changes or
destructive events such as flashover.
To minimize this possibility, many

COVER FEATURE

space applications require facility
and production process quality con-
trol methods to limit component
exposure to particles in the manu-
facturing environment.

IPC-A-620 is an important stan-
dard, particularly for coaxial and
other cable and wire harness assem-
blies. This standard addresses prac-
tices and requirements for manufac-
turing these electrical components.
IPC-A-620 is generally considered
the gold standard for workmanship
for such components. Class 3 of the
specification is the highest level and
most likely to coincide with space
criteria. Other factors this standard
considers are the materials used and
the traceability of the component
material composition. Some space
applications require approved ven-
dor lists and materials, while others
require only selected traceability
and compatibility levels. Manufac-
turers often consider Ethylene tet-
rafluoroethylene (ETFE) a suitable
jacket material for space-grade co-
axial cable. This material exhibits
a high melting temperature, good
chemical resistance, superior elec-
trical performance and resistance to
high-energy radiation. High-energy
radiation resistance is a key con-
sideration for coaxial assemblies as
some materials will degrade in the
presence of high-energy radiation,
which can lead to interconnect fail-
ure.

Like most electrical components,
coaxial cable assemblies, connec-
tors and cables are specified for
performance under nominal and
operational conditions. With coaxial
components for space applications,
the operational conditions are usu-
ally more rigorous than those of mil-
itary or industrial applications. This
is why space-grade or components
intended for space applications
will often have more detailed data-
sheets with more complete tables
and plots depicting the behavior of
the components over broader oper-
ating parameters than typical com-
ponents.

Some key electrical characteris-
tics to consider for space applica-
tions:
¢ Phase stability

SATELLITE & SPACE m MAY 2025



— Solutions

RENAISSANCE Development
An AEM Company Delivery

Qualified Space-Grade RF Components & Integrated Modules
Engineered for LEO, MEQO, and GEO Missions

Configurable Smart Power: Ka-Band BUC/BDC

Optimized for HTS and LEO/MEQ constellations, these GaN-based converters

deliver 25W Output at 20% efficiency at Ka Band. Learn More

« Integrated Power Ampilifier option - = N E E
« Fixed/Programmable LO E 4 ngsﬁgg 1 L.

 Band switching from 18-40 GHz < |

= e E

- https:/bit.ly/4ltsss6

Clean Clear Signals: Transceivers & Front-Ends

Robust, versatile RF Transceiver systems with architecture supporting a wide
frequency range—from UHF to S-band—ideal for comms and telemetry applications.
 S-band transceiver: < 20 MHz IFBW, ImW modulated O/P, 55 dB SFDR
* UHF transceiver: <20 MHz IFBW

« Direct RF sampling transceiver: IFBW > 250 MHz

« X-band 10W Tx and 3dB NF RF Front-End - B

Learn More

https://bitly/4julWhP

Cool under Pressure: SMART GaN Amplifiers

High-linearity amps with power/temp monitoring, thermally optimizedina 3" x 3" x 1" package.
Designed for high-efficiency (>38%) and high operating temperature performance up to ~70°C Learn More
when supported with external heat sink. E =" E

[=]!

https:/bit.ly/42pyMYP

» Wide input voltage range (5V-32V input)

«1-8W variable output port at S-band
«12W option for UHF

A ® See us at International Microwave Symposium 2025
- AE M in San Francisco, CA, June 17-19,2025
. BOOTH 1767
Innovation to

WWW.rec-usa.com ¢ 978-772-7774



SATELLITE
& SPACE

COVER FEATURE

® Phase velocity
e Shielding effectiveness
¢ Insertion loss.

Phase stability over physical and
environmental conditions is espe-
cially critical for coaxial assemblies
in space. While this parameter is
typically only a consideration for
test and measurement applica-
tions, the wide operating tempera-
ture range and other factors make
phase stability a critical requirement
for many space applications. The
phase velocity through a cable or
an assembly can directly influence
signal delay and timing in a system
and these characteristics are critical
for space networks. Because of the
radiation environment in space, the
potential for high-energy particles
and external electrical interference,
the need for electrical shielding is
much greater than in terrestrial ap-
plications. RF shielding measures
the amount of external signal en-
ergy penetrating a component over
the operating frequency range. RF
shielding effectiveness for space ap-
plications must often be 100 dB or
more.

Launch costs are related to mass,
so the restrictions on RF and DC
power budgets are strict in space
applications. This places a premium
on low loss, high-efficiency compo-
nents to minimize the power source’s
size, weight, DC power consump-
tion and RF transmit power. Low

X0 ‘ TCX0

loss space-grade coaxial intercon-
nections help minimize the transmit
power for the mission, along with
component heating issues.

While the performance of the co-
axial cables, connectors and other
devices is critically important for
space applications, manufacturing
techniques and workmanship can-
not be overlooked. If devices are
not properly manufactured, they
may affect the performance and
longevity of the mission. NASA has
released workmanship standards for
space-based components with ex-
amples of unacceptable manufac-
turing processes for coaxial cables
and connectors in space applica-
tions.4

Figure 3a shows an unaccept-
able solder joint as indicated by the
arrow. In this case, the solder termi-
nation between the connector and
the rigid/semi-rigid cable sheath
does not exhibit a thoroughly wet-
ted, concave, smooth and continu-
ous fillet extending entirely around
the termination periphery. Figure
3b shows an unacceptable cen-
ter contact assembly as defined in
NASA-STD-8739.4 [19.6.2.£3]. As
can be seen from the diagram, the
center contact location/orientation
does not meet the requirements for
proper mating.

Figure 3c shows a cable assem-

AN(Q-TECH

C ORPORATION

AXTAL

0CX0

bly assembled incorrectly per the
manufacturing or engineering doc-
umentation. As the red arrows indi-
cate, the connector body has been
excessively crimped in manufactur-
ing by the center pin crimp tool,
crushing the dielectric material. Fig-
ure 3d shows a cable with an unac-
ceptable bend radius. In this case,
the cable has been bent below the
minimum recommended radius, re-
sulting in ripples and stretching the
cable sheath. This may cause a cold-
flow of the dielectric, resulting in in-
creased loss and/or shorting of the
cable assembly.

In the recent past, procuring
space-grade coaxial cable as-
semblies and connectors required
contract negotiations with a coax-
ial cable assembly and connector
manufacturer. This process could
be time-consuming, with procure-
ment lead time and qualification
often taking years. While long, this
timescale was acceptable for legacy
space applications. However, this is
no longer sufficient for New Space
or agile space programs. Many
New Space applications depend on
very large LEO constellations. Mul-
tiple satellites are included in each
launch vehicle, and the period be-
tween launches has become very

&

MCX0

Visit us at IMS 2025 Booth 4215 in San Francisco, June 17-19 www.g-tech.com
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(b)

(d)

A\ Fig. 3 (a) Unacceptable solder joint.
(b) Improper center contact assembly.
(c) Improper connector assembly. (d)
Improper cable bend radius.

Elve’s Advanced mmWave Amplifiers Enable
Gbit Speeds for Next-Gen Wireless and Beyond
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short. The performance of these or-
biting satellites will drive upgrades
and changes for subsequent satel-
lites and launches. This process of
experimentation and qualification
on the fly puts enormous pressure
on development and qualification
timescales. The results from this
process also contribute to the re-
laxation of the more stringent re-
quirements that characterize legacy
space applications.

The result is a growing demand
for coaxial interconnects and other
space-grade components that can
be ordered at the pace of e-com-
merce. Having more standardized
coaxial interconnects that meet
space-grade standards means that
the prices of these coaxial cable as-
semblies and connectors have the
economy of scale benefit and the
high cost of dedicated contracts
does not burden them. These co-
axial interconnect components can
also be purchased as needed and
with very short shipping times, even
same-day in some cases. This ac-
cessibility enables engineers and
scientists developing space plat-
forms and technologies to iterate
rapidly without the extended lead
times associated with typical con-
tract manufacturing for space-grade
components.

. 'l COVER FEATURE
CONCLUSION
Advances and increased invest-
ment in space technology are en-
abling the rapid development of the
space segment. More commercial

enterprises, newly-formed space
agencies and scientific organizations
are joining the legacy large space
agencies. This provides a valuable
piece of the connectivity puzzle to
consumers and businesses and en-
ables the stars, nearby asteroids, the
moon and Earth phenomenon to be
studied. Coaxial interconnects, such
as coaxial cable assemblies and con-
nectors, are critical for many modern
space communications and sensing
systems for both space platforms
and payloads. Fortunately, as space
applications increase in popular
ity, the accessibility of space-grade
coaxial interconnects also grows to
meet the needs of a new era in space
exploration and services. ®
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arket projections

indicate that by

2030, over 60,000

satellites could be
operational in low Earth orbit (LEO),
a significant increase from the ap-
proximately 8000 in orbit today.'
This surge in activity is defining
how companies approach compo-
nent sourcing, manufacturing and
system integration. This article de-
scribes some thoughts about how
companies can enter this “New
Space” market and find the right
suppliers for their mission-critical
systems. Figure 1 shows an artist's
conception of a satellite orbiting
over Europe.

Satellite in orbit.
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Peter Krier
Filtronic, Yeadon, U.K.

Traditionally, ~geostationary or-
bit (GEO) satellites have dominated
space-based communications. Op-
erating at approximately 35,786 km
above the equator, GEO satellites
maintain a fixed position relative to
the Earth’s surface, providing con-
sistent coverage over specific areas.
Due to their high altitude and ex-
tended operational lifespans, ranging
from 15 to 30 years, GEO satellites
require components with exceptional
reliability, often backed up by redun-
dant systems. The high costs associ-
ated with launching and maintaining
these satellites necessitate the use of
tried-and-tested technologies with
extensive heritage.

In contrast, LEO
satellites orbit at
altitudes  between
200 and 2000 km,
resulting in shorter
orbital periods and
the need for larger
constellations  to
ensure continu-
ous coverage. This
proximity to Earth
| reduces signal la-
tency,  benefiting
applications like re-
al-time communica-

PERSPECTIVE

tions and Earth observation. However,
the shorter lifespan of LEO satellites,
often between five to 10 years, com-
bined with the scale of deployments
that often involve thousands of satel-
lites, demand a different approach to
component sourcing.

For companies stepping into the
LEO sector, the traditional approach
to satellite component sourcing no
longer applies. In the GEO market,
reliability has always been the top
priority, with space-grade compo-
nents rigorously tested and used
in nearly identical applications for
years. GEO satellites are incredibly
expensive to launch, so redundancy
is built into the systems, ensuring
each satellite can function flawlessly
for as long as possible. LEO satel-
lites, on the other hand, operate on
a different cost model. The shorter
lifespans and higher replacement
rates mean companies must strike a
balance between quality and afford-
ability while maintaining the ability
to scale production rapidly.

One of the biggest game-chang-
ers in this new era of satellite tech-
nology is the increasing reliance on
commercial off-the-shelf (COTS)
components. The industry is rec-
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ognizing that shorter mission lifetimes can be achieved
without needing parts screened to exceptionally high
quality levels. This means that high performance com-
ponents originally developed for industries like telecom-
munications and defense can offer suitable alternatives.

These sectors demand reliability at scale, making
them a natural fit for the LEO market. Using COTS com-
ponents allows satellite manufacturers to significantly
reduce costs, shorten lead times and incorporate the
latest technological advancements without the years-
long development cycles associated with traditional
space hardware. That being said, not all commercially
available components are ready for space. Satellites
endure extreme conditions, including intense radiation,
temperature fluctuations and the vacuum of space. This
means that while COTS components offer cost and
scalability advantages, they must still be tested and,
in many cases, adapted to survive in orbit. Companies
looking to source complex assemblies for LEO need to
work with suppliers who have experience in both vol-
ume manufacturing and space qualification processes.

The key to success in the space industry lies in finding
partners who understand how to adapt commercial com-
ponents for space applications without inflating costs to
traditional space-industry levels. The European Space
Agency has recognized this challenge and is actively

& o
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investing in programs that support the commercializa-
tion of space technology. An example of this is a recent
success story at Filtronic, which secured a €3.7 million
contract under the ARTES program to develop advanced
mmWave products for satellite payloads and gateway
links. These products, essential for high frequency bands
like Ka-, Q-/V- and W-Band, are crucial for enabling
faster, higher-capacity data transfer between space and
ground stations that are key to next-generation satellite
communications. This win allows Filtronic to build on its
40 years of RF expertise and expand its technologies into
the LEO market, further strengthening Europe’s competi-
tive edge in the rapidly evolving satellite sector.

As the LEO sector matures, competition among sat-
ellite operators is only intensifying. SpaceX's Starlink
constellation has set the benchmark for large-scale
deployment, but other operators are quickly advanc-
ing their own networks. The merger of Eutelsat and
OneWeb, in particular, is a significant development that
strengthens Europe’s position in satellite broadband,
providing a viable alternative to U.S.-led systems. In re-
gions where geopolitical tensions complicate reliance
on certain satellite networks, having diverse providers is
crucial to ensuring global connectivity.

For suppliers and manufacturers, agility has become
one of the most important factors in remaining com-
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petitive. The ability to rapidly iterate
designs, respond to shifting market
demands and produce components
at scale without compromising on
reliability is now just as important
as technological innovation itself.
Traditional space-industry timelines,
where new technologies could take
a decade to develop and launch, are
no longer viable in the fast-moving
LEO market. Instead, companies

that can quickly adapt and scale up
production will be the ones driving
the next generation of satellite com-
munications. As LEO satellite net-
works scale, higher frequencies are
becoming essential for meeting the
growing demand for data capacity.
Operators are increasingly pushing
beyond Ka- and Q-/V-Bands into
bands that operate up to and above
100 GHz. However, these higher fre-
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quencies introduce new engineering
challenges.

One of the main issues is signal
attenuation, which becomes more
severe as frequency increases. Atmo-
spheric absorption, particularly due to
oxygen and water vapor, is much more
pronounced at these frequencies,
meaning signals weaken over shorter
distances. This requires sophisticated
techniques to compensate for signal
degradation, such as adaptive power
control, beamforming and advanced
error correction methods.

Another challenge is the precision
required in component manufactur-
ing. As frequencies increase, the tol-
erances for RF components become
much tighter. Even the slightest im-
perfections in antennas, for instance,
can cause significant signal loss or
distortion, meaning that manufac-
turing processes must be incredibly
precise, often requiring advanced
materials and fabrication techniques
to ensure performance consistency.

Heat management is also a critical
issue. At higher frequencies, power
amplifiers and other active compo-
nents generate more heat and ef-
ficient thermal dissipation becomes
essential to prevent performance deg-
radation. In space, where there is no
natural convection to dissipate heat,
engineers must design innovative
cooling solutions, like heat spreaders
and radiative cooling systems, to man-
age thermal loads effectively.

Ultimately, success in the New
Space market depends on striking
the right balance between perfor-
mance, cost and scalability. Compa-
nies sourcing components for LEO
need to think beyond the traditional
space-industry playbook and instead
look for partners who understand
both the commercial and technical
challenges of mass-producing high-
reliability components. The days of
building one-off, ultra-expensive sat-
ellites are fading. In their place, a new
approach that values flexibility, effi-
ciency and innovation is dictating the
route that space technology takes. B

References

1. “The Future Space Environment,” GOV.
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pace is big, mindbog-

glingly big even, but

suitable orbits around

Earth are in limited
supply. Due to increased conges-
tion from satellites, traffic in space
is becoming an issue. Already, there
are thousands of operational satel-
lites and hundreds of millions of
pieces of space debris of various
sizes. Thousands more satellites are
expected to add to the situation as
the offer of and demand for new and
improved services increases. These
new services range from communi-
cations, financial transactions, urban
planning and mobility to transporta-
tion, national security and environ-
mental monitoring. Unless existing
and planned traffic and debris are
managed better and soon, the chal-
lenges of space situational aware-
ness (SSA) willendanger the very use
of space. The sovereignty, societies
and economies of many nations rely
upon this critical, space-based infra-
structure. What needs to be done
is clear: eliminate the creation of
new debris, improve the tracking
and characterization of existing ac-
tive satellites and debris and reme-
diate debris that has already been
generated. To get a better under-
standing of this situation, this article
describes the most pressing issues,
challenges to be solved and recent
initiatives for SSA.
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Chiara Manfletti

Neuraspace, Coimbra, Portugal

There are about 13,000 satellites
in orbit, 10,000 of which are active.
With the announced mega constel-
lations, experts estimate that there
will be 60,000 to 100,000 active sat-
ellites in space a decade from now.
Those numbers only consider sat-
ellites. The consensus is that there
are 30,000 unique pieces of space
debris orbiting the Earth, includ-
ing satellites, which are larger than
10 cm. If the minimum size of the
debris considered drops to larger
than 1 cm, the number increases
to 670,000. Including debris larg-
er than 1 mm, still large enough
to damage orbiting satellites, the
number of pieces of debris in orbit
around the Earth is estimated to
be more than 170 million. Figure
1 shows an artificial intelligence
(Al)-generated image that puts the
number of satellites and the amount
of space debris in different orbits
and orbital slots into context.

These numbers are increasing
every year and any one object pos-
es the threat of a potential conjunc-
tion. In space, a “conjunction” refers
to a situation where two satellites or
a satellite and a piece of space de-
bris appear to be very close to each
other in space, meaning they are
passing within a relatively small dis-
tance, potentially raising the risk of

a collision if not properly managed.
All these conjunctions carry risk with
the implications for operational ef-
forts as well as the threat of loss of
service or assets.

Spacecraft fragmentation events,
collision events and anti-satellite
weapons (ASATs) are by far the most
significant contributors to orbital
space debris. While these events
are localized when they occur, they
do not remain stationary and they
begin to affect adjacent orbital re-
gimes as time progresses. The ef-
fects of solar activity can accentu-
ate these challenges. An increase in
solar activity decreases atmospheric
density. With lower density, there
is less drag on the debris and the
time to re-entry increases. This ef-
fect slows the re-entry process and
makes the debris situation even
more acute. This increases the likeli-
hood of a conjunction, making the
problem of the debris field even
more acute. According to “The

Al representation of space
congestion. Source: Neuraspace.
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A Congested Space
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Space is a congested environment. Source: Neuraspace.

Satellite Situation Report” from
Space-Track,! an estimated 22,723
conjunctions occurred from May 30,
2023 to June 30, 2023.

This concern extends beyond
debris interacting with satellites.
In June 2023, SpaceX filed a re-
port with the FCC stating that they
conducted more than 25,000 ma-
neuvers of its Starlink constellation
between December 1, 2022 and
May 31, 2023. This equates to ap-
proximately 12 maneuvers per sat-
ellite. In addition to actions taken to
avoid identified debris, these num-
bers include a substantial number
of maneuvers for Starlink-on-Starlink
conjunctions. The Starlink example
is for one operator and constella-
tion, but the number of maneuvers
illustrates the increasingly important
need for operator-to-operator coor-
dination. Figure 2 shows a Neuras-
pace slide that summarizes some of
the data, along with the challenges
that describe congestion in space.

To ensure orbits are safe, it is
crucial to have accurate and com-
prehensive data for all the objects
in space. This allows objects in or-
bit to be monitored, mapped and
cataloged. Having this data will en-
able the development of improved
methodologies and algorithms for
nowcasting and forecasting the be-
havior of objects in space.

These activities are underway,
but many of the current solutions
rely on manual processes, tradition-
al technologies and sensors. The
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concern in the industry is that these
algorithms will not cope with the
projected 15x increase in space as-
sets. Plans for this rapid increase in
space assets must be tempered by
the fact that existing data sets are
incomplete and there are millions of
pieces of debris smaller than 10 cm
that are not being tracked but pose
a threat to satellites.

The solution to this challenge is
to expand the catalog of tracked
objects. However, the scale and
speed needed for this task require
additional data sources. Even if
those data sources are made avail-
able, the effort will also need to
coordinate and effectively process
data from large-scale networks of
observation systems on the ground
and in space. The evidence that
this threat has risen to national and
global levels is apparent simply by
seeing the increasing number of
space nations who are contributing
to improve SSA.

To aid in these efforts, Neuras-
pace installed and activated the
optical telescope in Chile, shown
in Figure 3. This new telescope ex-
pands Neuraspace’s satellite track-
ing coverage to both hemispheres
through two telescopes, in addition
to data from partner networks. This
new telescope can acquire more
than one image per second for low
orbits and track objects as small as
10 cm in diameter. The two tele-
scopes reduce the uncertainty level
for positional errors to less than 20
meters within a single orbital revo-
lution, outperforming the 2023 ESA
Space Debris Mitigation Require-

e et = i

Neuraspace satellite tracking
antenna. Source: Neuraspace.

ment by a factor of five.

The measurement output is im-
pressive. Both telescopes support
horizon-to-horizon multi-orbit track-
ing, allowing rapid target switching.
They produce measurements rang-
ing from a few seconds to tens of
minutes, enabling scalable data
acquisition for multiple purposes
such as collision avoidance, debris
tracking, pattern-of-life  analysis
and launch and early orbit phase.
This new telescope is expected to
produce more than 300,000 mea-
surements of space objects in or-
bits from low Earth orbit to geosta-
tionary orbit within the first three
months of operations.

However, with the scope of the
issue, it is unlikely that a single enti-
ty will be able to track all the objects
in space. Allowing satellite opera-
tors to plan maneuvers and avoid
risky conjunctions based on exist-
ing and new data from a synthesis
of these diverse sources is a step
toward more comprehensive con-
junction screening. This will gener-
ate a vast amount of information
that has to be analyzed pre-launch.
The results of this analysis will be
used to determine safe lift-off win-
dows for launch vehicles to avoid
collisions, the proximity of space
objects to operational spacecraft,
the algorithm to execute collision
avoidance maneuvers and constel-
lation management, including end-
of-life disposal.

The space industry is starting to
demonstrate the commercial and
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technological viability of space sus-
tainability by developing systems to
address active debris removal, colli-
sion avoidance, hardening and op-
erational lifetime extensions.

Manufacturing Measures

Addressing ways to improve
debris avoidance should start long
before the satellite is in orbit. Build-
ing “space-hardened” satellites and
equipping all satellites, including
CubeSats, with propulsion systems
is a measure that will help satellites
avoid debris. CubeSats make up
a sizable portion of the predicted
increase in space assets and they
have not traditionally had a means
of propulsion. More focus on quality
assurance and reducing the num-
ber of objects that are released as
launch and early operations unfold
are additional measures that could
help mitigate the challenge if imple-
mented.

Collision Avoidance
It will be impossible for humans

Conjunction details analysis display. Source: Neuraspace.

to collect, organize and analyze the
data to make decisions in real-time
without relying on automation that
makes use of Al and machine learn-
ing (ML) capabilities. Al and ML are
powerful tools for identifying pat-
terns where classical methods fall
short. Explainable Al will enable the
satellite industry to process data,
predict object behavior, forecast
conjunction-related parameters

Circulators e Isolators ¢ Iso-Dividers ¢ Mixers * Passive Components ¢ Multi-Mix® Assemblies

Searching for Space Qualified
Microwave Products?

Crane Aerospace & Electronics
designs and manufactures

high performance space qualified

RF and IF components, active
frequency control components
and subsystems for space and

satellite end use customers.

SCAN HERE TO
SEARCH USING
OUR PRODUCT

FINDER TOOL

www. cranemicrowave.com e Visitus atIMS 2025 Booth #2135

130

and support smart decision-mak-
ing. Having access to the data and
finding patterns can help in effec-
tively managing collisions, improv-
ing maneuver planning, especially
for swarm and constellation satel-
lites and making space activities
safer, more sustainable and more
efficient. To address some of these
challenges, Neuraspace is integrat-
ing the improved satellite tracking
and analysis capabilities into their
Space Traffic Management (STM)
Platform, which incorporates Al and
ML to provide services such as con-
junction monitoring and collision
avoidance to over 400 satellites.
Figure 4 shows the output of a con-
junction analysis from the STM plat-
form. To underscore these trends,
RAND, the nonprofit, nonpartisan
research organization, has reported
that satellite operators are starting
to realize the benefits of commercial
STM systems as a means of keeping
their spacecraft operational while
saving time and cost.?

Active and Passive Debris Removal

The first two topic areas have
addressed how to reduce the likeli-
hood of generating new debris and
how to avoid existing debris. How-
ever, removing defunct satellites or
other larger pieces of debris that
do not have de-orbiting capabili-
ties requires active debris removal
capabilities. Active debris removal
means a spacecraft must be able to
safely approach and then capture
an orbiting object and actively de-
orbit the object. The industry had
been conducting technology devel-
opments for active debris removal
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and on-orbit servicing for decades.
It is only recently that developments
in the field of active debris removal
have begun to accelerate, with con-
tracts placed by governments and
space agencies to prove the viabil-
ity of being able to remove debris.

The technologies under con-
sideration and in various stages of
development and testing for cap-
turing space debris include robotic
arms and end effectors, tethered
harpoons, electrodynamic tethers,
lasers, magnetism and tethered
net systems. Before a capture tech-
nique can be implemented, there
are a number of significant issues to
solve. These issues include under-
standing the object to be captured
and its behavior, along with the
best way to approach and conduct
close-proximity operations safely.
For instance, the approach and
close-proximity challenges may en-
tail developing algorithms to match
rotation and spin rates.

At present, Europe and Japan
have been leading these efforts,
with industrial players stepping up.
Even more significantly, these ef-
forts are now partially backed by
venture capital funds, showing the
possibility of a workable business
model with these efforts. While re-
moving all objects from orbit would
be ideal, that does not seem practi-
cal with the limited capabilities and
resources within the industry. How-
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ever, it has been widely reported
that concentrating on the 50 most
statistically concerning low Earth or-
bit objects and planning to remove
these objects at a rate of at least
three per year will yield substantial
benefits for the satellite industry.

End-of-Life Measures

For low Earth orbit applications,
the industry is exploring and devel-
oping several passive debris remov-
al concepts. These include using
tethers or drag sails as a means of
mitigating end-of-life debris. Other
options include on-board de-orbit-
ing kits that can assume control in
the case where the spacecraft expe-
riences failures that incapacitate it
from de-orbiting.

Extended Lifetime

The concept of extended life-
time is simple to understand, but
the implementation is more com-
plicated. Extending the lifetime of
a satellite typically involves meth-
ods like on-orbit servicing, fuel
management optimization and
advanced component design. On-
orbit services took a first big step
toward broader adoption in 2020,
when Northrop Grumman Innova-
tion Systems’ MEV-1 spacecraft suc-
cessfully rendezvoused and docked
with the Intelsat 901 satellite. The
MEV-1  successfully re-positioned
the spacecraft and it has performed
station-keeping since.

As governments have realized
how crucial space systems and the
services they provide are for eco-
nomic growth, national security
and scientific research, orbital safe-
ty has evolved to become a sig-
nificant economic factor. Forecasts
and growth projections for the
space economy vary widely, with
revenue forecasts ranging from
$1.8 trillion by 2030 to more than
$10 trillion by the mid-2030s. Some
of the forecast variability depends
on what new and emerging market
segments are included under the
umbrella of the “space market.”
Despite the variability, the revenue
numbers are significant. The emer-
gence of the “New Space” indus-
try presents a transformative op-
portunity for non-space activities,
unlocking potential across various
sectors like agriculture, healthcare,
communication and environmental
management. By leveraging space
innovations, industries far removed
from traditional aerospace applica-
tions can achieve breakthroughs in
efficiency, sustainability and global
impact that will foster economic
growth and address some of the
world’s most pressing challenges.
Companies need a coherent space
strategy for their continued com-
petitiveness.

This boost to the space econo-
my is reflected in each segment of
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the space market: manufacturing,
launch, operations and services. The
emergence of the New Space seg-
ment, with its increased exposure
to non-space business needs and
drivers, increases the pressure for
disruptive innovation and increased
profitability. Fortune Business In-
sights projects the global SSA mar-
ket to grow from $1.97 billion in
2023 to $3.01 billion by 2032.3 Ac-
cording to ResearchandMarkets,
the space debris removal market is
expected to see growth from $282
million in 2023 to reach $1.77 bil-
lion in 2030.4 Analysys Mason esti-
mates the cumulative revenue from
satellite refueling will exceed $6 bil-
lion between 2023 and 2033.5 Zion
Market Research estimates that the
global space logistics market size
will grow from $5.12 billion in 2023
to reach $21.14 billion by 2032.6
Global space defense and security
investments will also see a contin-
ued growth trend over the coming
decade.
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The numbers are impressive,
but there are challenges to making
these forecasts a reality. This growth
of the space safety, security and sus-
tainability market must be driven by
companies worldwide, realizing that
only by supporting the develop-
ment of a commercial space safety
ecosystem and market can the full
innovation potential be unleashed.
To take full effect, all these exist-
ing and planned initiatives require
some overarching governance.

Space sustainability is a sine qua
non. It is the responsibility of gov-
ernments to understand the urgent
need to propose and implement
regulations into national and inter-
national policies and laws. Regula-
tion will play a positive role in fos-
tering a market for space domain
awareness (SDA) by establishing

Space & Mil-Qualified Soog, .25
Components to 50 GHZ

clear standards, encouraging data-
sharing and setting industry bench-
marks for accuracy and reliability.
Recognizing these issues, the
last couple of years have seen some
new developments. In 2022, the
FCC adopted new rules changing
the maximum time limit for de-orbit-
ing defunct low Earth orbit satellites
from 25 years to five years after their
end of mission. The consequences
of this ruling became apparent in
2023 when the FCC issued the
first fine ever for space debris. U.S.
satellite operator Dish had to pay
$150,000 for failure to move one
of its satellites into a safe orbit. As
a direct result, the company’s share
price dropped almost four percent
that day, reducing the company’s $3
billion valuation by $100 million.
Also in 2023, the U.S. Senate
Committee on Commerce, Science
and Transportation passed the Or-
bital Sustainability Act. The same
year, ESA published its non-bind-
ing Zero Debris Charter. The char-
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ter emphasizes the importance of debris tracking and
particularly mentions the need for “access to timely
and accurate data on space objects down to a size of
5 cm or smaller in low Earth orbit.”

Public sector SDA services like the U.S. Space Force’s
Traffic Coordination System for Space and the Euro-
pean Union’s Space Surveillance and Tracking provide
foundational data and essential safety services that
commercial providers can enhance to offer tailored so-
lutions to government and commercial end-users alike.
Space agencies like NASA and ESA have recognized
the increasing danger posed by the growing popula-
tion of objects in space and the inadequacy of legacy
systems and are looking for service providers. Regula-
tory frameworks will further incentivize commercial SDA
services. Well-defined regulations will reduce uncertain-
ties, enabling a robust commercial SDA ecosystem.

The satellite market is proving to be one of the more
dynamic opportunities for hardware and services. The
market opportunity is significant, with new mega con-
stellations promising to enable and enhance a full range
of services to improve communication, transportation,
security, sensing and connectivity applications. Despite
the vastness of space, it is becoming increasingly con-
gested with satellites and orbital debris and the rapid
expansion of satellite launches will only exacerbate this

. UWAVEPIA

fil

High-Frequency &

High-Power Solutions

in Satellite Communication Systems

challenge. This article has discussed some of the issues
and challenges surrounding SSA topics, along with
some of the solutions that are being developed and
implemented. The growing number of players will have
profound implications for the future SSA market and the
broader space industry. With all the opportunities and
challenges, the commercial market of space safety and
sustainability is wide open for business. B

References
1. “The Satellite Situation Report” Space-Track, Web: www.space-
track.org.

2. B. McClintock, D. C. Ligor, D. McCormick, M. Herron, K. Juknev-
iciute, T. Van Bibber, K. Feistel, A. Rao, A. Rao, T. Grosso, et al.,
“The Time for International Space Traffic Management Is Now,"”
RAND, June 5, 2023, Web: rand.org/pubs/research_briefs/
RBA1949-1.html.

3. "Space Situational Awareness (SSA) Market Size, Share & Industry
Analysis,” Fortune Business Insights, March 2025, Web: https://
www.fortunebusinessinsights.com/space-situational-awareness-
ssa-market-105446.

4. "Space Debris Removal Market Size, Share & Forecast to 2030,”
ResearchandMarkets, March 2025, Web: https://www.researchan-
dmarkets.com/report/space-debris-removal.

5. D. Kasaboski, “Refuelling Providers Need Strategies to Match
Changing Demand for In-orbit Satellite Services,” Analysys Ma-
son, April 2024, Web: analysysmason.com/contentassets/9e0735
b31acb4233950b2a5c6e8fdbf5/analysys_mason_refuelling_strat-
egy_change_apr2024_nsi011.pdf.

6. "Space Logistics Market Size, Share, Demand, Growth Analysis
2024-2032," Zion Market Research, March 2024, Web: https://
www.zionmarketresearch.com/report/space-logistics-market.

T y,

S

o

™~

Performance you can count on,
from Earth to Orbit

WWw.wvavepia.com
sales@wavepia.com

136

(B

Lo R
F el [\ [=]

We will be there !
Visit us at IMS 2025 « Booth 227

SATELLITE & SPACE m MAY 2025



( M)) M | I I I BOX ‘ Compact - Modular - Affordable

W ANTENNA TEST SYSTEMS

Modular design
Many sizes & configurations
30cm to 3m far-field

R wa 0 Compact anechoic chambers
/Vk \500 6GHz to 330GHz

3D DUT positioners

<0.71° absolute resolution
Open Python SW controller
Up to 3 rotation axes

Many sizes & types available

Ideal benchtop placement
Below deck instrument bays
Shorter wiring

$eis4 4y
Power density (dB)

Integrate with existing instruments
Many plot types included ' g 7
Unlimited automation i

More Info orpe
- MilliBox
% millibox@milliwavess.com

+1.408.892.9595
=] e

millibox.org



SATELLITE
& SPACE

new era of space

exploration and in-

novation opens

transformative pos-
sibilities for governments and
companies in the satellite commu-
nications (satcom) sector. Satcom
services provide vital global con-
nectivity by transmitting data, voice
and video signals via satellites. This
ensures access to communication
networks in remote and under-
served areas lacking terrestrial infra-
structure. These services are essen-

Vivek Ravichandran
MarketsandMarkets, Pune, India

tial across various sectors, including
broadcasting, military, maritime and
enterprise, offering reliable high
speed connections that support
real-time data transfer, high-defini-
tion content distribution and critical
communications during emergen-
cies and disasters. As demand for
seamless connectivity grows, driven
by the expansion of loT, the need
for broadband internet in rural re-
gions and the increasing reliance on
digital services, satcom continues to
evolve with advancements such as

high-throughput satellites (HTS) and
low Earth orbit (LEO) constellations.
These innovations are enhancing
capacity, speed and coverage, mak-
ing satcom an indispensable com-
ponent of the global communica-
tions infrastructure, particularly in
regions where other forms of con-
nectivity are not feasible. According
to MarketsandMarkets, the satcom
market is estimated to reach $33.2
billion by 2029 at a compound an-
nual growth rate (CAGR) of 14.5
percent.! Figure 1 shows a brief

® Launch of Sputnick 1
® Launch of Project SCORE

1950-1970

1970-1980

e Launch of Intelsat IV in 1971

¢ Emergence of New
Satellite Operators

¢ Satellites Began to
be Used for Various
Applications

* Deployment of GEO
for Television,
Broadcasting and Data
Communication

¢ Introduction of VSAT

1980-1990

2000-2010

¢ Ka-Band Satellites

® Increasing Use of
Satellites for GPS and
Navigation Services

¢ Development of High-
Throughput Satellites
(HTS) and Low Earth
Orbit (LEO) Satellite
Constellation

2010-Present

The evolution of the satellite communications market. Source: Secondary research, interviews with experts and

MarketsandMarkets analysis.
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Satellite communications market. Source: Secondary research, interviews with experts and MarketsandMarkets analysis.

history of some of the most critical
developments in the evolution of
the satcom market.

In the short term, the satcom mar-
ket is expected to witness steady
growth driven by increased demand
for connectivity in remote and un-
derserved areas. Providers will focus
on enhancing service quality and
expanding coverage to meet rising
maritime, aviation and emergency
service needs. Technological ad-
vancements will be centered around
improving data transmission speeds
and network reliability. Innovations
will likely involve better integration
of satellite services with existing ter-
restrial networks to enhance overall
performance and service delivery.

The mid-term period will witness
a significant evolution in satcom
services, with a greater emphasis
on leveraging emerging technolo-
gies. The integration of services
with advanced technologies, such
as loT and 5G, will be a key trend,
enabling more seamless and effi-
cient communication. Providers will
focus on enhancing service custom-
ization and adaptability to meet di-
verse user needs and applications.
Technological advancements will
include improved signal processing
and dynamic bandwidth manage-
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ment, contributing to more robust
and flexible service offerings. Fig-
ure 2 shows MarketsandMarkets’
thoughts on some of the satcom
market participants, segments and
applications, with typical intercon-
nections shown for Starlink and Vi-
asat.

Looking ahead, the satcom mar-
ket is set for exciting changes driven
by advancing technologies. As sat-
ellite services merge with next-gen-
eration innovations, new applica-
tions and use cases will emerge that
can reshape connectivity. Services
will become more flexible, offer-
ing tailored solutions that integrate
seamlessly with smart infrastruc-
ture and real-time data insights.
The focus will shift toward making
everything run more smoothly and
efficiently, thanks to Al-driven man-
agement and automation improve-
ments. This evolution will solidify
satcom services as a fundamental
component of global connectivity in
a more interconnected world.

Ground stations are the essential
hubs of communication between
satellites and the Earth. They con-
sist of large antennas, often called
parabolic dishes, responsible for
transmitting and receiving data to
and from orbiting satellites. These

stations are complex facilities
equipped with tracking systems to
maintain alignment with the fast-
moving satellites. Modern ground
stations incorporate technologies
like adaptive coding and modula-
tion, which adjust signal quality in
response to changing atmospheric
conditions to ensure data reliability.
With advances in automation, many
ground stations can now operate
with minimal human intervention,
continuously communicating with
satellites across various orbits from
LEO to geostationary orbit (GEO).
Essentially, ground stations are the
terrestrial link in the satcom chain,
managing massive amounts of data
and ensuring it reaches its intended
destination efficiently.

Frequency bands play a crucial
role in satcom services. Each of the
satellite bands has unique proper-
ties that affect data transmission
between satellites and ground
stations. The L-Band, from 1 to 2
GHz, is valued for its ability to pen-
etrate weather conditions like rain
and fog, ensuring reliable commu-
nication in adverse weather. The
disadvantage of L-Band is lower
data transfer rates. The S-Band,
between 2 and 4 GHz, offers a bal-
ance between coverage and data
rate. This band is suitable for sat-
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Satellite Communication Market
Market Size, Market Dynamics & Ecosystem

CAGR of 2024-2029 332
14.5% :
14.9 16.9
2023 2024 2029

Market Size (USD Billion)

North America Europe

Latin America

Satellite communications market forecast.
Source: Secondary research, interviews with experts and
MarketsandMarkets analysis.

ellite and mobile applications requiring better perfor-
mance than L-Band can provide but with less capacity.
The C-Band, ranging from 4 to 8 GHz, is commonly
used for satellite TV and communication, providing
stable coverage and data rates with less susceptibility
to rain fade than higher frequencies. The X-Band, from
8 to 12 GHz, is mainly used for military and govern-
ment communications, offering higher data rates and
precision. However, this band is affected by rain and
atmospheric interference more than lower frequency
bands. The Ku-Band, covering 12 to 18 GHz, supports
high data rate communications, making this band ide-
al for broadband and satellite TV. However, this band
is more prone to rain fade effects. The Ka-Band, from
18 to 40 GHz, is used for high-capacity applications
like high speed internet. This band enables very high
data rates and bandwidth but is significantly impacted
by atmospheric conditions such as rain and humidity.
Dynamic spectrum management is essential in today’s
satcom environment to optimize these bands, reduce
data congestion and ensure that diverse applications,
from TV broadcasts to internet services, function ef-
ficiently without interference.

Terrestrial networks are integral to satcom services,
acting as the essential infrastructure that connects sat-
ellite signals to end users and integrates them with
broader communications systems. These networks
encompass a range of technologies, including fiber
optics, microwave links and other high-capacity trans-
mission mediums that ensure efficient data flow from
satellite ground stations to various endpoints. Fiber-
optic cables provide high speed, high bandwidth con-
nections crucial for handling the large volumes of data
transmitted from satellites. In areas where fiber de-
ployment is not feasible, microwave links are the pre-
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ferred technology for point-to-point connections. Ad-
ditionally, terrestrial networks incorporate advanced
networking technologies like software-defined net-
working and network function virtualization, enhanc-
ing flexibility and efficiency by allowing dynamic man-
agement and optimizing data traffic. This integration
ensures that satellite-delivered data can be effectively
distributed to homes, businesses and mobile devices,
supporting a seamless and reliable communications
experience across diverse applications and geograph-
ical locations.

The satcom market is expected to reach $33.2 billion
by 2029 from $16.9 billion in 2024, at a CAGR of 14.5
percent from 2024 to 2029. The Asia-Pacific segment of
the satcom market will be the largest in 2029, followed
by North America and Europe. Africa and the Middle
East are constantly in flux due to different develop-
ments and strategic initiatives. However, while remain-
ing small, these regions will present opportunities for
higher growth rates in the next five years. The expected
increase in the market, along with regional segmenta-
tion, is shown in Figure 3.

Whether consumers or businesses, users are showing
an insatiable desire for connectivity and data-intensive
services. As the demand grows for seamless connectiv-
ity, satcom networks are playing a vital role in evolving
data, voice and video networks. The drivers for the evo-
lution of satellite networks’ role in connectivity include
increased demand from remote, underserved areas, an
expansion of loT and M2M communications, increasing
service demand from maritime, aviation, broadcasting
and security applications and partnerships with 5G op-
erators.

While the opportunity is significant and the drivers are
strong, challenges still remain. The industry is character-
ized by high initial investment and operational costs.
Like terrestrial wireless networks, there are regulatory
and spectrum allocation challenges and the satellite
networks must develop an approach that allows them
to coexist with terrestrial networks. From a technology
standpoint, latency performance and bandwidth avail-
ability will not be sufficient for some applications. Para-
doxically, the success of the satellite network may pose
the most significant challenge. As more satellites are
launched into larger and denser constellations, space
debris and satellite failures pose an increasing risk to all
satellites. However, MarketsandMarkets’ forecast shows
revenue in the satellite market nearly doubling in five
years, the industry will see success in solving these chal-
lenges and capitalizing on the benefits and advantages
that satcom networks will provide users. B
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NSR-SDR-K/Ka-HDR-NEM block diagram.
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PRODUCT FEATURE

that enables high-rate satellite man-
ufacturing and reduces the need for
integration on space vehicles. Fig-
ure 1 illustrates a block diagram of
the radio architecture, highlighting
key integrated components.

The radio is fully compliant with
DVB-S2 modulation and coding
standards and adheres to the rel-
evant Consultative Committee for
Space Data Systems space commu-
nications protocols. The NSR-SDR-
K/Ka-HDR-NEM integrates seam-
lessly with existing ground station
infrastructure, reducing the need
for custom systems and simplify-
ing mission planning. The radio’s
adaptive spectral shaping optimiz-
es bandwidth usage while staying
within emission limits, maximizing
data throughput without compro-
mising regulatory compliance. Fig-
ure 2 illustrates a DVB-S2 signal
operating at a symbol rate of 270
Msym/sec with 8-PSK modulation.
The spectral plot demonstrates the
occupied bandwidth of the signal,
which is consistent with the expect-
ed characteristics of 8-PSK modula-
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Spectrum analysis of a DVB-S2 signal.

tion at this symbol rate. The band power has a clean
spectrum, suggesting efficient utilization of the avail-
able bandwidth with minimal interference or spurious
emissions. This configuration is optimized for high data
rate transmission while maintaining spectral efficiency.

Cyber security remains at the core of the NSR-SDR-
K/Ka-HDR-NEM. The system features an integrated
NEM-ETH encryption module, capable of providing
information assurance up to top secret classification
levels. Unlike traditional solutions that require classifica-
tion throughout production, this SDR can be configured
as unclassified during manufacturing and testing. This
modular approach simplifies logjistics, reduces handling
costs and allows for efficient production integration
across a wide range of facility types. This flexibility is
a significant departure from legacy systems, which of-
ten impose rigid classification requirements throughout
the production cycle, leading to increased costs and
extended lead times. The NSR-SDR-K/Ka-HDR-NEM
streamlines this process, offering both efficiency and
adaptability.

Customers operating in unclassified environments
can integrate and test the unit without requiring special-
ized infrastructure or personnel clearances. Classified
keys can be loaded during final customer deployment,
enabling secure communication channels for applica-
tions such as defense satellite networks, intelligence,
surveillance and reconnaissance missions and telemetry,
tracking and command systems. The flexibility that the
Vulcan Wireless NSR-SDR-K/Ka-HDR-NEM offers versus
legacy systems in production processes is shown in the
flow diagram of Figure 3. The highly compact system
also provides rigorous EMI/EMC filtering and control,
minimizing unwanted emissions.

Designed for seamless spacecraft integration, the
NSR-SDR-K/Ka-HDR-NEM is a true plug-and-play solu-
tion. Its compact, modular architecture integrates es-
sential components such as RF channel filtering and
amplification directly into the unit, eliminating the need
for external hardware. This design significantly reduces
size, weight and power (SWaP), making it ideal for small
satellites and CubeSats where resource optimization is
paramount. Figure 4 shows the compact size and ef-
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The develop-
ment of the NSR-
SDR-K/Ka-HDR-
NEM involved careful consideration of several trade-offs
to balance performance, reliability, security and SWaP
constraints. One of the primary challenges involved in-
tegrating the encryption unit without compromising the
compact form factor of the radio. By carefully architect-
ing the unit to optimize thermal management and mini-
mize signal loss, the design team successfully achieved
a balance of security, efficiency and reliability, ensuring
the system meets stringent performance standards.

The NSR-SDR-K/Ka-HDR-NEM represents a signifi-
cant leap forward in K-/Ka-Band satellite communica-
tion. The encrypted, radiation-tolerant SDR offers a high
performance, secure and versatile solution for modern
space missions. The integration of advanced encryp-
tion, waveform adaptability and streamlined spacecraft
computability positions the NSR-SDR-K/Ka-HDR-NEM
as a leading choice for government and commercial op-
erators alike.

Vulcan Wireless continues to lead in satellite com-
munication technology, consistently advancing its capa-
bilities to meet the evolving needs of secure, reliable
connectivity. By embracing innovation and delivering
proven solutions, the company remains at the forefront
of the industry, supporting critical communications in
challenging environments. Through ongoing develop-
ment and a commitment to excellence, Vulcan Wireless
ensures that its technologies enable robust, efficient
communication systems for its customers.

The NSR-SDR-K/Ka-HDR-NEM.

Vulcan Wireless
Carlsbad, California
vulcanwireless.com
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nternational  Rectifier (IR)
HiRel and its parent company,
Infineon Technologies, have
over 50 years of combined
experience designing and manufac-
turing best-in-class semiconductors
for commercial and high-reliability
applications. IR HiRel's portfolio of
radiation-tolerant power MOSFETs
is ideal for low Earth orbit (LEO)
missions, typically lasting two to
five years. These products are a
testament to the company’s exper-
tise in the automotive and space
industries. Qualified for space ap-
plications under the automotive
AEC-Q101 standard, IR HiRel offers
N- and P-channel devices with a lin-
ear energy transfer of 46 MeV-cm2/
mg, total ionizing dose (TID) rating
of 30 krad (Si) and single event ef-
fect (SEE) tolerance. The radiation-
tolerant New Space portfolio can
be used in LEO space applications
and constellations, such as proton
tests, without further radiation tests,
helping customers go to market
faster and more cost-effectively.

IR HiRel's rad-tolerant power
portfolio comprises both N-channel
and P-channel devices. While P-

148

Infineon IR HiRel

Leominster, Mass.

channel MOSFETs require a nega-
tive voltage from gate to source
(Vgs) to activate, N-channel devices
need a positive VGS to activate, as
illustrated by Figure 1.

IR HiRel's rad-tolerant MOSFETs
enable engineers to select power
solutions that suit various needs
without compromising size, weight
and cost constraints. IR HiRel's New
Space power portfolio includes
four N-channel MOSFETs and one
newly-released P-channel variant,
all identified in Table 1. All five IR
HiRel devices are available in plas-
tic packaging with further testing,
such as outgas and salt atmosphere
tests, guaranteed by the product’s
qualification.

IR HiRel offers four different
radiation-tolerant N-channel MOS-
FETs based on Infineon’s industry-
leading and patented CoolMOS™
superjunction technology, known
for its high efficiency, compact de-
sign and enhanced thermal man-
agement characteristics. Ideal for
fast switching applications, the N-
channel MOSFETs are offered in

Drain O Drain O

Gate L—_ Gate :

— —

Source O Source O
N-Channel MOSFET P-Channel MOSFET

A comparison of N-channel
and P-channel construction.

60 V and 150 V voltage options in
two plastic package options: the
surface-mount TO-263 and the
through-hole TO-247, illustrated in
Figure 2. The N-channel MOSFETs
support 28 V and 54 V bus voltages,
which are most common in LEO
satellites. Their Rpg,, values start
at 15 mQ and range to 60 mQ, as
shown in Table 1.

The surface-mount TO-263 pack-
age enables easy assembly and
reflow soldering, while the through-
hole TO-247 package promotes an
optimized cooling concept well-
suited for higher current applica-
tions. Both packages have matte
tin-plated leads to reduce whisker
growth. With an operating tem-
perature of -40°C to +125°C, these
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Telonic Berkeley

‘ , TELONIC BERKELEY INC.

ASS100D AND I1SO 9001:2015 CERTIFIED AND AN ITAR CONTROLLED COMPANY

1080 La Mirada Court
Vista, CA 92081

Phone . . .

(760) 744-8350 A Pioneer of RF & Microwave Filters

o ...employing proven design elements (Lumped,
Combline/Cavity, and Tubular) to produce high-

760) 744-8360

(760) quality Passband, Lowpass, Highpass, and Bandstop

Web Address Microwave Filters... including Diplexers,

www.telonicberkeley.com Multiplexers, Filter Banks, Switches, Multipliers..

also Rotary Attenuators

email

info@telonicberkeley.com

Telonic Berkeley Fixed Filters are known and used worldwide. Our impressive array of
fixed filter types has evolved over the years in responding to the demanding needs of the
electronic industry while offering performance parameters tailored specifically to each
customer’s unique requirements.

Telonic Berkeley Engineers are ready and anxious to provide innovative
solutions for your RF multi-channel or Multiplexer needs. Our Diplexer,
Triplexer or Quadraplexer designs in lumped element or combline/cavity
designs may be the solution you are looking for.

Telonic Tubular Bandpass Filters are available in 2 to 12 sections.

Three different and frequency sizes ranges allow for the selection of an
optimal design for each requirement. Almost any type of input or output
connection is available as a standard item.

Tunable Filters including Manually Tuned Bandpass Filters, Manually Tuned
Bandstop Filters, Digitally Tuned Bandstop Filters, and Multi-Octave
Digitally Tuned Filters up to 36 Gigahertz are available.

Telonic Berkeley offers a full range of RF Cable Assemblies, Flat
Ribbon Cables, Grounding Cables, Wire Harnesses, Discrete
Harnesses, and Power Cords

Network Managed Tunable RF Filters provide remote management, monitoring
and diagnostic capabilities. High Power Tunable BSF and BPF are available
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TABLE 1
A PARAMETRIC TABLE OF INFINEON IR HIREL RADIATION-TOLERANT MOSFETS
BUP15CNO27E-01 150V N TO-247 AEC-Q101 -40°C to +125°C 98 A 27 mQ
BUP15CNO60L-01 150V N D2PAK AEC-Q101 -40°C to +125°C 36 A 60 mQ
BUPO6CNO15E-01 60V N TO-247 AEC-Q101 -40°C to +125°C 106 A 15 mQ
BUPO6CNO35L-01 60V N D2PAK AEC-Q101 -40°C to +125°C 52 A 35mQ
BUPO6CP0O38F-01 -60V P D2PAK AEC-Q101 -55°C to +175°C -35A 38 mQ

(a) Surface mount TO-263
D2PAK (b) Through-hole TO-247 MOSFET
packages

field-effect transistors (FETs) bring
reliability and endurance to LEO
missions and constellations. The
N-channel devices are ideal for all
power-related applications, spe-
cifically within power conditioning
units, power distribution units and
DC-DC converters. Figure 3 shows
a block diagram of the MOSFET ap-
plications.

IR HiRel's newly-released P-
channel device brings radiation
tolerance and reliability to the New
Space market. It is offered in a -60
V voltage class with an Rpg(,,) of 38
mQ. Available in the surface-mount
TO-252-3 plastic package, the P-

channel MOSFET is ideal for short-
term missions aboard medium to
large satellite constellations. The
P-channel MOSFET is specified with
a junction temperature of -55°C
to +175°C and target applications
include protection switches, load
switches, power distribution units
and battery management systems.
The P-channel device addresses the
same applications shown in Figure
3. It was added as an extension to
IR HiRel’s radiation-tolerant power
portfolio earlier this year, comple-
menting the 60 V and 150 V N-
channel devices. Infineon is working
toward expanding its radiation-tol-
erant portfolio with gate drivers and
GaN HEMTs.

To complete its New Space port-
folio, Infineon IR HiRel offers volatile
and non-volatile radiation-tolerant
memories with a single lot code, 100
percent electrical testing and guar
anteed TID radiation performance.
The portfolio includes two F-RAM
devices, two NOR flash devices and
four pseudo-SRAM devices available
in various densities, interfaces, pack-
ages and ratings. These memories
are ideal in systems that do not re-

quire traditional military/aerospace
certifications but benefit from robust
performance and reliability in harsh
environments. Like IR HiRel's MOS-
FETs, the rad-tolerant memories are
ideal for LEO applications with mis-
sion lifetimes under five years.

Infineon IR HiRel’s entire New
Space radiation-tolerant power
product line eliminates component-
level testing by the customer due to
its SEE and TID performance at the
product level. This enables cost and
time efficiency in the manufacturing
process. IR HiRel's unique experi-
ence with automotive and indus-
trial electronics brings unmatched
reliability and robust performance
to today’s space exploration ef-
forts. With high volume and estab-
lished commercial assembly lines,
IR HiRel's N- and P-channel MOS-
FET manufacturing processes and
timelines easily support the grow-
ing number of commercial launches
fueling the New Space economy.

Infineon IR HiRel

Leominster, Mass.
infineon.com/cms/en/product/
high-reliability

Power
Power Conditioning Distribution Unit Intermediate Bus Load Switch/ MCM PoL Processing
Unit - DC-DC Converter eFuse Unit
P Protection/ MW P MOSFET
MOSFET 28V, 70 V Redundancy Sta;:”e" MOSFET
100V, 120 V|| IVleaas Analog ¥
Gate v/ Gate Vi Controller Controller + FPGA/SoC
DI Monitor Driver Monitor Driver ©
AGEIlJMl  Digital SSEC Analog Digital v
Controller [T Controller [Jeliie]/3 DRAM

Battery
Charge
Regulator

Battery
Charge
Regulator

Batteries

IR HiRel's radiation-tolerant MOSFET applications.
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At KRATOS General Microwave, we pioneer advanced microwave solutions tailored for the
evolving needs of both traditional and the competitive “New Space” markets.

Whether supporting Low Earth Orbit (LEO), Medium Earth Orbit (MEQO) or Geostationary Orbit
(GEQO) missions, our space-qualified products—such as Up/Down Converters, Frequency
Synthesizers, Transmit/Receive Modules and many more — redefine reliability, efficiency

and precision.

With a focus on delivering the best cost-performance combination, our solutions are designed to
excel in both traditional space applications and the rapid timelines of “New Space” ventures.

We ensure fast development cycles and uncompromising performance to meet your
mission-critical needs.

Partner with KRATOS General Microwave to power your systems, long term partnership and
drive the next era of space innovation.

FOR MORE INFORMATION, PLEASE CONTACT US: kratosdefense.com/gmi

KR@TOS | General Microwave KRmTOS

Microwave Electronics Division
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he rapid advancement of

RF systems is being driv-

en by the convergence

of software-defined radio
(SDR) and RF system-on-chip (SoC)
technologies. Innovations such as
AMD’s Versal RF series enable the
digitization and miniaturization of
RF systems, transforming radar and
satellite communications (satcom).
Slipstream Design has addressed
key challenges in RF miniaturization
and digitalization by integrating
sensing and communication modes
and minimizing size, weight, power
and cost (SWaP-C) configurations.
Slipstream Design’s ASTRO plat-
form enhances digital beamforming
and leverages advanced materi-
als and digital techniques for opti-
mized performance.

SDR has revolutionized RF design
by shifting signal processing from
analog hardware to digital software.
This increases flexibility and reduc-
es the reliance on hardware. AMD's
RFSoC technology integrates high

152

Slipstream Design
Shipley, U.K.

speed data converters with pro-
grammable logic and embedded
processors, which helps stream-
line RF system design. With AMD’s
Versal RF series SoC solution, SDR
enables compact, reconfigurable
and efficient RF systems for radar,
satcom and electronic warfare (EW)
applications.

Miniaturization is critical as de-
mand grows for space-based and
airborne RF systems. Traditional de-
signs, reliant on bulky analog com-
ponents, require significant space
and power. SDR and SoC integra-

ASTRO Gen 3 %
RFSoC

RF Identity

Modules
(8CH Tx/Rx
Carrier Card Module)
Ethernet, QSFP,
PCle, JTAG, AT
GPIO, GPS *» ¢

The ASTRO Nova direct RF
processor module.

PRODUCT FEATURE

tion embed processing, digital fil-
tering and beamforming functions
within a single chip. This reduces
size while enhancing efficiency and
adaptability. Digital RF architectures
also enable software-controlled
hardware reconfigurability, which
is crucial for dynamic military and
aerospace applications. Slipstream
Design’s ASTRO platform embod-
ies this approach, combining SDR
versatility with an optimized RF
front-end.

Built on AMD’s Gen 3 RFSoC,
ASTRO is a compact, direct RF pro-
cessor module optimized for accel-
erated digital beamforming. It is de-
signed by radar engineers to ensure
tactical superiority through rapid
mode switching between radar
(beamforming and steering) and
communication. ASTRO features
reconfigurable clocking for onboard
or external RF sample clocks along
with a multichannel, multimodule
sync controller. It also features eight
Tx (10 GSPS digital-to-analog con-
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verters) and eight Rx (5 GSPS analog-to-digital convert-
ers). Harnessing AMD’s RFSoC within an FPGA Mezza-
nine Card (FMC) form factor of 96 x 69 x 16.6 mm that
incorporates high PCB layer counts and optimizes RF
transitions achieves a low SWaP SDR platform with su-
perior RF performance. Figure 1 shows a view of the
ASTRO Nova module with some functional elements
expanded for better clarity.

The RF front-end, situated ahead of the SDR, has
traditionally been fixed and static. However, this is at
odds with the flexibility of the SDR. Advances in circuit
techniques and the adoption of wideband GaN devices
are helping RF front-ends unleash the power of SDR in
real-world systems. Figure 2 shows the fully-assembled
ASTRO Nova module and its ability to operate over the
3300 to 4200 MHz frequency range, encompassing the
n78 and upper n77 bands.

Several key challenges must be addressed:

BW = 24%

BW = 14% BW = 10%

U.K. 5G Allocation  Pending

3GPP n78 Band

3300 3800 4200 MHz

Wide bandwidth capability of the ASTRO Nova
module.

PRODUCT FEATURE

Wideband SDR versus narrowband and fixed RF:
SDRs operate across wide bandwidths, while front-end
components are typically optimized for specific, narrow-
er bands. Tunable components are essential for wide-
band efficiency.

Dynamic impedance matching: SDRs frequently
adjust frequencies and bandwidths, which requires real-
time impedance tuning of power amplifiers (PAs).

Linearity versus efficiency: Maintaining efficiency
when using complex modulation schemes.

Interference and filtering: Wideband SDRs are sus-
ceptible to interference, creating the need for adaptive
filtering solutions.

Thermal management: SDRs and RF circuitry gener-
ate heat, demanding effective cooling strategies.

There is a gap between the agility of an SDR and the
limitations of RF front-ends. Tunable RF filters, reconfigu-
rable matching networks and Al-driven adaptive control
are being developed to bridge this gap. GaN-based PAs
using digital load modulation and digitally-controlled
front-ends are being developed to improve efficiency
and adaptability.

The ASTRO Nova exemplifies this innovation, lever-
aging GaN technologies for enhanced wideband opera-

8 R e e e T 4 g

ASTRO Nova switching between radar and OFDM
waveforms.

SATCOM for LEO/MEO/GEO/GNSS
Ultra Low Power, Low g-Sensitivity, High Precision Oscillator
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Ultra-Compact, High Precision
VCTCXO, TZ

© Smallest Size 2.0 x 1.6mm
© High Precision +0.5ppm
© Noise Floor -155dBc/Hz @ 60MHz

<T>TAITIEN

Ultra Low G-sensitivity OCXO
NA-100M-6700

© Low G-Sensitivity +0.05ppb/g
© Low Phase Noise Floor -175dBc/Hz
© High Precision +100ppb @-40-+85°C

Low Power, Ultra Stable Atomic Oscillator
DTA-450/DTA-320

© DTA-450: Low Power Consumption (130mW)
DTA-320: Ultra Stable (+0.5ppb @-20~60°C)

© 1pps Input/Output Discipline Function
for Time Synchronisation

© Holdover 1us over 24hours

@ www.taitien.com X sales@taitien.com.tw
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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  PASTERNACK
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tion. Traditionally, sensing and com-
munications applications required
separate RF hardware. Integrating

SoC and digitally-controlled GaN
technologies enables seamless mul-
tifunctional operation, which allows
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ASTRO Nova functional block diagram.
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a single hardware variant to switch
between 5G New Radio waveforms
and radar pulse generation. As an
example of this capability, Figure 3
shows the output when the ASTRO
Nova switches between a pulsed ra-
dar chip generation and an orthogo-
nal frequency-division multiplexing
(OFDM) waveform generation.

GaN technology offers supe-
rior power density, efficiency and
thermal performance compared to
silicon-based alternatives. These fea-
tures make the technology ideal for
compact, high-power RF solutions
in space and airborne applications.
Digital optimization further enhances
RF front-end efficiency. Real-time dig-
ital control of PAs and filters reduces
manual interventions and improves
system agility, crucial in satcom where
remote reconfigurability is essential.
Figure 4 shows the functional dia-
gram of the ASTRO Nova.

The integration of SDR and SoC
technologies is redefining radar,
satcom and EW applications. Min-
iaturization, digitalization and ad-
vanced materials drive highly effi-
cient, adaptable and cost-effective
RF solutions. Fully digital RF archi-
tectures enhance system flexibility,
enabling rapid prototyping, itera-
tive improvements and seamless
software updates. Combining sens-
ing and communication functions
within compact platforms will drive
advancements in applications rang-
ing from autonomous vehicles to
deep-space exploration.

Slipstream Design is at the fore-
front of these innovations, leverag-
ing GaN PAs and digitally optimized
RF front-ends to meet evolving de-
mands. As SDR, SoC and GaN tech-
nologies advance, they will shape
the next wave of RF system innova-
tion. These developments will en-
hance performance, efficiency and
adaptability in an increasingly com-
plex and interconnected world.

Slipstream Design
Shipley, U.K.
https://slipstream-design.co.uk/
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uantic MWD's (Mi-
crowave  Dynamics)

new Whisper Series
phase-locked dielec-
tric resonator oscillators (PLDROs)
provide precision frequency control

and timing for demanding RF and mi-
crowave applications. Engineered for
exceptional frequency stability and
ultra-low phase noise, these oscilla-
tors operate across X-Band and Ku-
Band frequencies from 8 to 18 GHz.
They offer fully customizable options,
including phase-locked loops, fre-
quency tuning and external reference
pairing with Quantic Wenzel's oven-
controlled crystal oscillators (OCXOs).

With ruggedized and space-
qualified versions available, Whis-
per Series PLDROs perform reliably
in extreme environments, making

them ideal for radar, satellite com-
munications, test equipment and
defense applications.

Frequency Range: Covers fixed fre-
quencies from 8 to 18 GHz

Phase Noise Performance: Delivers
low phase noise of -110 dBc/Hz at a
10 kHz offset and -105 dBc/Hz at a 1
kHz offset, ensuring clean signal gen-
eration for high performance RF and
microwave systems

Customization and Tuning: Available
with phase-locked loop options and
fine-tuning capabilites to optimize
system integration

Environmental Resilience: Built to
withstand challenging conditions, with
space-qualified versions available
Frequency Stability: Compatible with
external reference sources, including
Quantic Wenzel's high performance

"TRA SMITTER

TECH BRIEF

OCXOs, for enhanced frequency ac-
curacy and long-term stability
Compact and Versatile Design: Engi-
neered for seamless integration into
radar systems, satellite payloads, test
equipment and portable transceivers.
Founded in 1993, Quantic MWD
designs and manufactures free-run-
ning and phase-locked oscillators,
amplifiers, frequency converters and
frequency multipliers focusing on
the singular characteristic that mat-
ters most: performance. Quantic
MWD offers a portfolio of best-in-
class solutions that maximize stability
and minimize noise under extreme
environmental conditions, ensuring
optimal precision and reliability for
mission-critical and industrial de-
fense applications.
WVENDORVIEW
Quantic MWD
(Microwave Dynamics)
Irvine, Calif.
quanticmwd.com
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3H Communica-
"ﬂ“?

tion Systems is an
| AS9100 and
3 1SO9001:2015
certified wireless
infrastructure and
microwave solu-
tions  company
with decades of
expertise in RF fil-
ters and front-end systems, offering
RF/microwave filter solutions that
are innovative, high quality, cost-ef-
fective, DC to 50 GHz and have a
five-year warranty.

3H Communication Systems
www.3hcommunicationsystems.
com

\VENDORVIEW
, The Apollo mixed
D signal  frontend
AD9088 (MxFE®) is a
highly integrat-

ed device with a
16-bit, 16 GSPS
maximum  sam-
ple rate, RF digital-to-analog con-
verter (DAC) core and 12-bit, 8
GSPS maximum sample rate, RF
analog-to-digital converter (ADC)
core. The AD9088 supports eight
transmit channels and eight receive
channels. The AD9088 is well suited
for applications requiring both
wideband ADCs and DACs to pro-
cess signal(s) having wide instanta-
neous bandwidth.

Analog Devices

www.analog.com

M Crane  designs
i and manufactures
high perfor-
mance,  space-

qualified passive
products for de-
fense and com-
mercial  satellite
customers. We can readily meet
your specific space program needs
with a selection of pre-qualified
products that provide proven high-

Previously Qualified
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reliability design, shorter delivery
and reduced costs. Products include
power dividers, directional cou-
plers, mixers, modulators, iso-divid-
ers/combiners and beamformers.
Find your solution with our easy-to-
use Product Finder at www.cranemi-

crowave.com.
Crane Aerospace & Electronics
www.craneae.com/space-
solutions

Experience Elve
mmWave amplifi-
ers risk-free with
Elve's new two-
month free hard-
ware “First Light”
product demo program. Elve un-
locks access to high power and high
efficiency mmWave amplifiers with
advanced materials and additive
manufacturing  processes.  Their
products enable Gbit speeds for
next-gen multi-domain connectivity
with large-scale production of
TWTAs at significantly lower costs in
Ka-, Q-, V-, E- and W-Bands.

Elve

www.elvespeed.com

\WVENDORVIEW
P— = Empower's mod-
el 2176 is a com-
pact, high-power
GaN on SiC solid-
state CW amplifi-
er is 27 in. tall,
less than half the
size of typical leg-
acy Klystron up-
link HPAs that it
replaces. The slightly broader band
allows transmitting in either of the
two L/S uplink channels. The 2176 is
based on Empower’s established
and field proven next-generation
architecture that is tactically de-
ployed and operating on multiple
levels in support of critical DOD
missions.
Empower RF
www.empowerrf.com

NEW PRODUCTS ‘
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Introducing  Era-
vants mmWave
thermal vacuum
component test-
ing services. Sim-
ulate the extreme
temperature ranges and vacuum
conditions required for mmWave
component testing for space quali-
fication. The 24 x 24 x 24 in. cham-
ber allows for testing from -160°C
to +250°C with an operating vacu-
um pressure up to 1 x 10 torr. In
addition, a variety of in-house test
equipment and components from
DC to 110 GHz are available for cus-
tomer use, including specialized co-
axial vacuum RF feedthroughs from
SMA to 1 mm.

Eravant

www.eravant.com

)VENDORVIEW

V-Band WR19
waveguide  di-
plexer with steep
rejection on both
bands, rejecting
50.2 to 50.4 GHz,
the space re-
search frequency band. Return loss
on both channels is 15 dB minimum
with insertion loss of 0.6 dB at the
center of the band. The housing is
made with invar to provide stable
performance over temperature. Ex-
ceed Microwave, an AS9100D/
1SO%001:2015 ITAR-registered
company, provides custom-de-
signed passive components.
Exceed Microwave
www.exceedmicrowave.com

The T1354 tem-
perature-com-

pensated crystal
oscillator (TCXO)
is available from
20 to 100 MHz
and features an
extremely rugged, 20.3 x 12.7 mm
DIP package, clipped Sine output
and supply voltage of +3.3 or +5.0
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VDC. The T1354 is radiation tolerant to 100 krad (Si)
TID, and an ultra-low g-sensitivity option is available for
appropriate applications. Frequency stability versus
temperature is + 1.0 ppm (-20°C to 70°C). The T1354
Series has been designed for low orbit satellite applica-
tions (nano/micro satellites), RF telemetry systems, mul-
tiband terminal and up-converter applications.
Greenray Industries

www.greenrayindustries.com

Infineon IR HiRel’s radiation-tolerant

power portfolio combines decades of

h ' space and automotive experience to

. bring highly reliable, cost-effective

f power MOSFETs to the commercial

space market. HiRel’s N- and P-chan-

nel variants, available in 60 V and 150 V voltage classes,

are AEC-Q101 qualified for space applications and op-

timized for two- to five-year low Earth orbit missions.

The power devices feature durable plastic encapsulat-

ed packaging with surface-mount and thru hole options
and a TID of 30 krad(Si).

Infineon IR HiRel

www.infineon.com

WR19 Narrowband
Bandstop Fiter

10dB notch between 50.265 to 50.34 GHz

Exceed Microwave
© Designed and Manufactured in USA

designs and produces
na rrOWband Waveguide @ AS9100D /1509001:2015 Certified

bandstop filters. © ITAR Registered

+1(424) 558-8341 %
sales@exceadmicrowave.com u/f‘m\l ASS100
| exceedmicrowave.com S\\-;;,{j Rev D

P EXCEED
@ MICROWAVE
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KRATOS Microwave Electronics Divi-
sion is a globally recognized leader in
the design and manufacture of high
performance, state-of-the-art multi-
disciplinary microwave components and subassemblies
used in defense, commercial and space applications.
With over 50 years of proven expertise and an unwaver-
ing commitment to quality and reliability, KRATOS con-
tinues to set industry standards. To meet the specific
needs of customers, they offer cutting-edge technolo-
gies. These include embedded DSP, mixed-signal pro-
cessing, system-on-chip devices, high-power amplifi-
ers, FPGA and other advanced digital technologies.
KRATOS

www.kratosmed.com

[ LT

Y/)VENDORVIEW
KRYTAR specializes in the design and
\' manufacturing of ultra-broadband,
3 high performance microwave com-
ponents operating from 0.5 to 40
; GHz for commercial and military
PAC space applications: directional cou-
Qanermapyacium  plers, power dividers, hybrid couplers
and coaxial terminations. KRYTAR's
successful space heritage offers qual-
ities you can depend on, offering innovative products,
quick-reaction capability, design responsiveness, flexi-
bility, fast production turn-around and partnerships with
our customers. KRYTAR can provide customized solu-
tions to meet your application-specific requirements.
Krytar
www.krytar.com

KRYTAR

The two-decade Logus space legacy
offers the satellite integrator many
options including these high power
TNC coaxial switches, in addition to
Logus'’s space-qualified SPDT, DPDT
and R-type waveguide switches.
These high performance TNC switch-
es are designed for low VSWR, low insertion loss and
high isolation. Multipactor free tested over many fre-
quency bands and high RF power levels, they are
proudly operating in orbit over 15 years/failure free.
Logus Microwave

www.logus.com

LPKF’s latest nano and picosecond ProtolLaser systems
enable direct material processing for flexible, rigid-flex,
and RF/microwave substrates with patented rapid
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metal  removal,
precise  drilling
and cutting, con-
trolled engraving
and customizable
settings. Ad-
vanced software

allows on-demand production of

precision devices in minutes within

your lab.

LPKF

www.lpkfusa.com

\T/\/ENDOR\"EW
TR The MM1-
1886HCSP2 is a
highly linear pas-
sive GaAs double
balanced MMIC
mixer suitable for
both up- and
down-conversion applications from
18 to 86 GHz. As with all Marki Mi-
crowave mixers, it features excellent

/

conversion loss, isolation and spuri-
ous performance across a broad
bandwidth and in a small form fac-
tor. The MM1-1886HCSP2 is avail-
able in a lead-free, RoHS-compliant
2.5 x 2.5 mm chip scale surface-
mount package and is compatible
with standard leaded and lead-free
PCB reflow soldering processes.
Marki Microwave
www.markimicrowave.com

The Maury Micro-
wave  ACE%000
can emulate the
effects of naturally
occurring  distur-
bances in a non-terrestrial commu-
nication environment. Reducing the
effects of these impairments can
extend network reach, improve ca-
pacity and ensure reliable connec-
tivity even in geographically remote
or underpopulated hard-to-reach
areas, such as the open ocean or

Full-Spectrum Agility.

mage courtesy of Jamie HunterfAviacom. %

ILITARY & SI5ACE QUALIFIED:

* Microwave Power Modules (MPMs) — from 2 to 95 GHz, output pewer from 40 to 200w+

+ Solid-State Power Amplifiers (SSPAs) —
* Traveling-Wave Tubes (TWTs) —

UHF to Ka-Band

Coupled Cavity | Helix | mm Wave | Miniature | Ring Bar
UHF to V-Band, output power from 20W to 200kW

* Traveling-Wave Tube Amplifiers (TWTAs) — from L- to V-Band, output power from 20 to 300W+
* RF & Microwave Components — Lumped Element Filters | Multiplexers | Amplifiers | Converters

VHF to V-Band

» Magnetrons — CW Vane & Strap | Pulsed Vane & Strap | Pulsed Coaxial

L- to Ka-Band, output power from 1.5kw to 10MW

 Klystrons — L- to X-Band, output power from 5kW to 6MW

* Crossed-Field Amplifiers (CFAs) —

UHF to X-Band, power from 60kW to 5MW peak

» Thyratrons — Voltages up to 100KV, currents up to 20,000A

Together, We Can Go Farther.

in ©@ f

~ NEW PRODUCTS |

large desert regions.
Maury Microwave
www.maurymw.com/dbm

MilliBox offers a range of compact
anechoic chambers and 3D posi-
tioners specifically designed for an-
tenna radiation pattern and beam
steering measurements above 10
GHz. Having a personal benchtop
setup greatly increases productivity
and scalability by
eliminating down-
time and setup
time commonly
impacting shared
resources. Modu-
larity,  flexibility
and affordability are the defining prin-
ciples behind all MilliBox products.
MilliBox
www.millibox.org

MI? Stellant

Only vertically integrated space
"TWTA supplier in the world and

only manufacturer of space-

qualified TWTs in the USA

Visit us in booth #143 at the Int’l. Microwave

Symposium, June 17-19, in San Francisco, CA

StellantSystems.com
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The MI-WAVE 958 Series wideband
synthesizer is a high performance,
GUl-controlled  solution for ultra-
wideband applications. It supports
CW, frequency sweep, frequency
hop, and external trigger modes,
with remote operation via Wi-Fi or Ethernet. Key fea-
tures include internal filtering, low phase noise, adjust-
able charge-pump current, remote RF on/off control,
and single supply operation (8 to 15 V). Compatible
with 10 to 250 MHz references and featuring tempera-
ture monitoring, it ensures precision and reliability. Per-
fect for ATE, telecom, satellite, embedded systems,
secure communications and electronic warfare applica-
tions.

Millimeter Wave Products

WwWw.miwv.com

| Engineered for next-gen EW mis-
sions, MPG’s new EW tuner is a com-
pact, high-performance wideband
superheterodyne tuner delivering
0.5-18 GHz RF input with 1 GHz instantaneous band-
width. Ideal for ELINT, SIGINT, and RESM applications,
it offers fast 10 ps tuning, 50 dB SFDR, and SOSA-

S
SignalCore

PRESERVING SIGNAL INTEGRITY

23 GHz RF Signal Source

Front ‘.P - P /

4 ‘ﬁ-m
- 09 g G =

Back © ~ s = /
o T '
-

Frequency 100 kHz to 23 GHz
Tuning Resolution  0.001 Hz
Tuning Speed 100 ps

Reference In 10 MHz, 100 MHz, 1.6 GHz
Low Phase Noise  -115 dBc/Hz@100kHz@10 GHz

Level -40dBm to 15 dBm

Compact. Versatile.

www.signalcore.com High Performance.
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aligned OpenVPX integration. Advanced filtering, a
DDS-based LO, and phase-coherent multi-channel op-
tions ensure exceptional signal clarity and system scal-
ability. This tuner matches the performance of larger
receivers in a rugged, single-slot 3U form factor—em-
powering mission-critical intelligence with precision
and speed.

MPG

www.mpgdover.com

Mtron has over 125 design wins

across satellite and manned space-
. = craft. Higher data rates are driving
el the need for higher frequency and
".l higher power space-level RF solu-

tions. Mtron acts as an extension of

their customer’s engineering design department, re-
viewing design trade-offs, mitigating multipaction risk
and other risks that could lead to premature system fail-
ure. By combining Spark3D simulations and in-house
high RF power altitude testing, Mtron mitigates risks
early in the design phase to ensure reliable perfor-
mance in orbit.
Mtron
www.mtronpti.com

NIC expands its space-qualified RF
portfolio with a new UHF filter de-
signed to deliver exceptional selec-
tivity and stability in high-radiation,
low-gravity environments. Fully com-
pliant with MIL-PRF-38534, EEE-INST-002 and TOR
Standards, the filter is ideal for use in spaceborne pay-
loads, telemetry and satellite communication systems.
With over three decades of experience and space heri-
tage, NIC remains a trusted provider of RF solutions for
commercial, scientific, defense and governmental
space missions.

Networks International Corporation

www.nickc.com

=1 . Powering America’s technology. MMIC
- sales, foundry services, design and test
services, wafer bumping, IC packag-
ing and RF units.

Northrop Grumman
www.ngc.com/micro

NSI-MI Technologies’ Active Antenna
Test Suite (SYS-AATS) gives you the
tools to fully characterize system-lev-
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el parameters for satellite payloads
and antenna systems. SYS-AATS has
been optimized to characterize ac-
tive electronically scanned arrays
(AESA) and transponders on all
types of antenna measurement sys-
tems. This approach expands the
role of the antenna measurement
system to include radiated, system-
level characterization of critical pay-
loads. Measure antenna patterns,
equivalent isotropic radiated power,
gain-over-noise-temperature, group
delay and more using SYS-AATS.
NSI-MI Technologies
www.nsi-mi.com

- The 5127 is a 200
[.‘_.’“;' i W  broadband
Emm—— amplifier that cov-
ers the 20 to 1000
MHz frequency range. This amplifier
utilizes class A/AB linear power de-
vices that provide an excellent third-
order intercept point, high gain and a
wide dynamic range. This series has
been updated to deliver more power
with less consumption in a compact
package. Power levels range from 20
to 1000 W. Suitable for all EMC, EW,
pulse and other lab testing needs. In-
cludes a five-year warranty.
Ophir RF
www.ophirrf.com

Passive Plus leads
the way in manu-
facturing high per-
| formance RF/mi-
| crowave passive
components  pro-
viding cutting-
edge solutions for

B2 the medical, semi-
conductor, military, broadcast or tele-
communications  industries.  PPl’s
components are engineered for
ground-based satellite communica-
tion equipment, delivering un-
matched reliability and precision for
satellite transmission and receiving
systems. Designed to withstand the
demanding conditions, PPI's products
ensure optimal performance, excep-
tional signal integrity and robust dura-
bility, making them the ideal choice

SATELLITE & SPACE m MAY 2025
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for mission-critical applications in satellite operations. Visit their website for full
component details.

Passive Plus

www.passiveplus.com

e Q-Tech/AXTAL offers a wide selection of oscillators (XOs,
skl TCXOs, VCXOs, OCXOs, MCXOs, TCXOs and SAWs) for
the entire spacescape, new space (LEO) satellite clusters to

IRONWAVE

TECHNOLOGIES

Integrated Ironwave Solutions

1w st
AMERICAN MU DEL LUFF H
\\ MICROWAVE ~ SYNTONICS ), M\ ELECTRONICS DRESEARCH R BAY

SOLVETHE UNSOLVABLE

SYSTEMS AND SUB-SYSTEMS

.M MU-DEL (((
ELECTRONICS SYNTONICS ),

MULTICOUPLERS

A -—

FREQUENCY CONVERTERS
- RF OVER FIBER
ANTENNA RANGE EXTENSION
SECURE DATA EXFIL

RF SWITCH DISTRIBUTION SYSTEMS

COMPONENTS

AMERICAN S LUFE
MICROWAVE R BAY RESEARCH

SOLID STATE
SWITCHES

DIGITAL - : SYNTHESIZERS
VARIABLE - : AND OSCILLATORS

ATTENUATORS

LOW NOISE AMPLIFIERS
— POWER AMPLIFIERS
DETECTOR LOG S| FREQUENCY DOUBLERS
VIDEO AMPLIFIERS : TRIPLERS/MULTIPLIERS
FREQUENCY DIVIDERS/
PRESCALERS

TAILORED RF SOLUTIONS
IRONWAVETECH.COM | CALL 703.368.8900
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full space (GEO) and beyond. Wide
range of frequencies, exceptionally
low phase noise, wide temperature
range, excellent single event effects
performance, TIDs ranging from
50kRad (LEO) to over 100kRad (full
space).

Q-Tech Corporation
www.q-tech.com/brochures

QuinStar  QBP-

21014750: K-
' ~ band high-power
it SSPA  designed

for space and air-

borne applications, the QBP-
21014750 is a high-efficiency GaN
SSPA operating at 20.2-21.2 GHz.
Delivering 49 dBm saturated output
with 5 dBm drive, it ensures reliabili-
ty with over-temperature protection
and advanced thermal management.
Precision-crafted in our modern facil-
ity, it offers superior RF performance.
Learn more at IMS2025, Booth 1735,
or via sales@quinstar.com.
QuinStar Technology
www.quinstar.com

YVENDORVIEW

Remcom’s Wire-
less InSite® in-
cludes new fea-
tures to predict
the performance of 4G/5G and Wi-
Fi systems in the complex land-
scape of the moon, ensuring robust
communications for NASAs Arte-
mis missions. Wireless InSite en-
sures accurate simulation of RF
propagation on the moon by pro-
viding the ability to import LRO
LOLA terrain datasets and accu-
rately transform the coordinates of
RF mobile systems upon lunar ter-
rain. By capturing the reflection and
refraction characteristics inherent to
the moon’s landscape, these capa-
bilities will be essential for future
lunar missions.

Remcom

wWww.remcom.com

Renaissance Electronics is introduc-
ing GaN-based SWaP-C amplifiers
with high linearity and efficiency

164

across  various
power levels.
'* Power and tem-
4 perature moni-
: toring enclosed
ina3x3x1in.
robust package
optimized for outstanding thermal
performance. Features include a
wide input voltage range (5 to 32 V),
1 to 8 W variable output port at S-
Band, 12 W option available for UHF
and In-built AGC supporting wide in-
put power range and output power.
Renaissance
WWW.rec-usa.com

Samtec’s Ni-
trowave™  high

crowave cable of-
fers  improved
phase and amplitude stability over
flexure. Performance is optimized
at frequencies that go beyond tra-
ditional industry targets to support
emerging applications in the aero-
space/defense, test and measure-
ment and instrumentation markets.
Samtec

www.samtec.com

The SC5531A is
an RF source cov-

© omm ering the fre-
KA B quency range of
N 100 kHz to 23

GHz with fast fre-
quency switching, milli Hertz tuning
resolution, and low phase noise. It
accepts 10 MHz, 100 MHz and 1.6
GHz reference signals and outputs
its internal 1.6 GHz reference signal
that could be used to synchronize
multiple SC5531A devices, greatly
improving their relative phase sta-
bility. The product features fine am-
plitude adjustment in the range of
-40 to 15 dBm.

SignalCore Inc.
www.signalcore.com

Smiths Interconnect (SINT) draws
on decades of military/aerospace ex-

NEW PRODUCTS

perience to offer SMPM Mini-Lock
connectors. Patented technology
provides the ultimate reliability and
excellent RF performance in harsh
environments.
More than 50 lbs.

~% ‘y of pull strength is

"’a“ assured with an
\} audible click

while  delivering
low insertion and return loss up to
110 GHz. In addition, the connec-
tors are small, compact and blind-
matable for easy integration. SINT's
RF cable assemblies are trusted by
industry leaders around the world.
Smiths Interconnect
www.smithsinterconnect.com

Stellant leads in
1 delivering  high-
power solid-state
and TWT-based
MPM RF mod-
ules. Utilizing
proven RF GaN amplifier designs
and TWT MPMs, Stellant's compact,
efficient solutions offer RF power
density across 20 MHz to 40 GHz.
Perfect for communication, electron-
ic warfare and radar systems with
space, cooling and power con-
straints, these advanced designs ex-
cel across ground (mobile and fixed),
surface and airborne platforms, set-
ting the standard for RF performance
and amplifier innovation.
Stellant Systems
www.stellantsystems.com

The KSFLOD se-
ries of ultra-low
noise phase
locked dielectric
resonator oscilla-
tors (PLDROs) of-
fer unmatched phase noise perfor-
mance in a variety of optimized CW
signal source applications in satel-
lite converters, radar and RF/micro-
wave test and measurement equip-
ment. The output power in standard
products is available up to +20
dBm. Accompanying reference fre-
quency multipliers are also available
to supply reference frequencies up
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to 1600 MHz from an external 100
MHz standard reference source. The
loop bandwidth can be several 100
kHz wide, allowing for fast acquisi-
tion, locking and higher stability.
Synergy Microwave Corporation
WWw.synergymwave.com

Taitien's NA-
100M-6700

OCXO  delivers
ultra-low  phase
noise, exception-
al frequency sta-
bility and low g-
sensitivity (as low as 0.05 ppb/g),
ensuring precise timing in satellite
communication landing stations. Its
wide temperature tolerance allows
reliable operation in harsh environ-
ments, maintaining signal integrity
for seamless data transmission. With
superior performance in frequency
stability and vibration resistance,

TOTAITIEN
/

NSI\ Ml ' AMETEK

OPTIMIZED FOR

SATELLITE RF

MEASUREMENT

SOLUTIONS

Discover unparalleled accuracy and
versatility with our Vertical Planar NF

Scanner Systems

greater than 15 m?

payloads

LEO to GEO

Photo courtesy of STFC RAL Space - Vertical PNF
System Optimized for E2E Satellite Testing
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Scan plane sizes ranging from 0.9 m? to
End-to-end characterization for satellite

Active antenna test tools reduce range time
Built to test radiated RF performance from

the NA-100M-6700 enhances up-
link and downlink accuracy, making
it an ideal choice for ground sta-
tions, gateways and critical satellite
infrastructure.

Taitien

www.taitien.com

Teledyne  HiRel
Semiconductors

TDSW84230EP

GaN high-power
SPDT RF switch
operates from 30
MHz to 5 GHz
and features 20 W CW power han-
dling, low insertion loss of 0.2 dB
and high port isolation of 45 dB.
Housed in a compact QFN package,
it replaces traditional PIN diode
switches and is optimized for aero-
space and applications. The GaN
HEMT process ensures high break-
down voltage and saturation current,
making it ideal for military communi-
cation systems. Commercial devices

NEW PRODUCTS

are available now for shipment.
Teledyne HiRel Semiconductors
www.teledynedefenseelectronics.com

These Telonic Berkeley step attenua-
tors are available in nine different mod-
els with attenuation ranges from 1 to
100 dB, in steps of 1 to 10 dB. There
are two basic case designs, both 1.31
in. diameter with lengths of 1.50 in.
(subminiature) and 2.29 in. (miniature).
This mechanical configuration reduces
panel mounting space to a minimum
and also permits incorporation of these
attenuators into many existing designs.
Telonic Berkeley
www.telonicberkeley.com
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With 30+ years’ expertise, Transline
Technology specializes in working
closely with engineering innovators
that push RF, microwave and
mmWave PCB boundaries. Their
hands-on approach makes them an
extension of your engineering team.
Transline stocks a wide variety of high performance PCB
laminates, enabling rapid prototype delivery.
Transline Technology
www.translinetech.com

The WAVEPIA WPGC0912020
is designed to enable high
performance short- and
long-range transmissions
for radar and satellite com-
munication systems. Oper-
ating across 9 to 12 GHz, it
delivers exceptional effi-
ciency (48 percent PAE)
and saturated output pow-
er(43.2dBm) at20to 22 V.
Engineered for precision

WAVEPIA

X-Band GaN MMIC PA

JARIET
\/\"’/ .
Technologies

NEW PRODUCTS

ground surveillance, critical military applications and
dependable space communications, it offers unparal-
leled stability and durability. Trust WAVEPIA for cutting-
edge solutions that enhance accuracy, power and reli-
ability in mission-critical operations.

WAVEPIA

www.wavepia.com

,

Weinschel Associates is a
leading manufacturer of
broadband RF and mi-
crowave products for
space, military and com-
mercial markets from DC
to 50 GHz. Products in-
clude high-power and
high frequency attenuators, terminations, power divid-
ers and splitters, adapters, DC blocks and more. Prob-
lems with other vendors’ part obsolescence? Weinschel
Associates is your solution with cross-referenced re-
placements or build to form, fit and function if needed.
Visit them at IMS booth #630 or contact sales@wein-
schelassociates.com for more information.
Weinschel Associates
www.weinschelassociates.com

ELECTRA>S

DIGITIZING THE WORLD

RF Sampling Transceiver ICs

JARIET

Technologies

Electra-M
2T2R

| e

40 to 64GSPS
100MHz to 36GHz
2T2R & 4T4R
Up to 6.4-GHz IBW
DUC/DDC/FFT

JARIET

Technologies

Electra-Q
4T4R

JESD204C SerDes

JARIETtech.com

JOIN US AT IMS2025

15-20 June 2025 | San Francisco, CA




DUAL or SINGLE LOOP
SYNTHESIZER & PLO MODULES

Features: “n tn

Proprietary digital Integer and Fractional PLL technology
Lowest digital noise floor available -237 dBc/Hz figure of merit
Output frequencies from 100 MHz locked crystal to 30 GHz
Available with reference clean up dual loop, or single loop for
very low noise reference

Parallel fixed band stepping or SPI interface synthesized up to
octave bandwidths :
Reference input range 1 MHz to 1.5 GHz
Dual RF output or reference sample output available QJ
+12 dBm standard output power +16 dBm available c\w
- Standard module size 2.25 X 2.25 X 0.5 Inches (LxWxH) %
Standard operating temperature -1010 60 °C, -40 10 +85°C = ‘Ll
availahle

)
g,
i

Applications: .
« SATCOM, RADAR, MICROWAVE RADIO

>
16 - 30 GHz with added x2 module < 1” in height.

12.8 GHz Phase Noise

Phase Noise (dBc/Hz)
9]
(=]
/
3 .

| ‘ ‘ \\%\\WJ
(L]

100 1000 10000 100000 1000000 10000000
Offset Frequency (Hz)

Talk To Us About Your Custom Requirements.
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Mobile GHz Signal
Acquisition and Generation

Spectrum Instrumentation GmbH
Grosshansdorf, Germany

pectrum Instrumentation has re-

leased a new series of ultrafast arbi-

trary waveform generators (AWGs)

and digitizers that can be controlled

easily over Ethernet. These NETBOX instru-

ments are ideal for automated and/or re-

mote applications. They connect directly to

PCs, laptops or even the company network,

using a simple Ethernet/LXI cable. Small

and compact, they can be placed almost

anywhere, running as standalone units or, as

they are fully programmable, integrated into

sophisticated automated testing systems.

Figure 1 shows the NETBOX, weighing less
than 7 kg.

The new instruments offer test engineers,

scientists and designers a
cost-effective means of pro-
ducing and acquiring electron-
ic waveforms up to microwave
frequencies, with high purity
and low distortion. For signal
acquisition, the DN2.33x se-
ries of digitizers offers sam-
pling rates of up to 10 GSPS,
bandwidths of up to 4.7 GHz

A Fig. 1 The NETBOX offers mobile and uses the latest 12-bit an-

and easy operation.

168

alog-to-digital converter tech-

nology. The DN2.63x series of AWGs makes
an excellent companion product line, gener-
ating waveforms at rates up to 10 GSPS with
bandwidths up to 2.5 GHz, utilizing 16-bit
digital-to-analog converters. Single- and du-
al-channel models are available, offering a
choice of maximum sample rates and band-
widths to create perfect-fit solutions.

Along with their ultrafast sample rates
and wide bandwidths, the products feature
onboard waveform memories of up to 8 GS
(16 GB) per channel. Large memories enable
the acquisition and generation of long and
complex signals. For example, running at
10 GSPS, single-shot or transient waveforms
can be captured or generated over a full
800 milliseconds with a sample resolution of
just 100 picoseconds. If required, the large
memories can also be partitioned and com-
bined with different trigger, acquisition and
generation modes. This enables optimized
memory usage, allowing the products to
capture or replay multiple signals.

For easy system integration, the NETBOX
products include a host of signal inputs and
outputs via standard front panel connectors.
These connector functions include channel,
trigger and clock signals, lines for multi-
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Precision Switching for Next-Gen Test &

Measurement Systems

"Low Insertion Loss. High Isolation. Zero Compromiise.”

Features SPDT TRANSFER SPMT

DC to 18, 26.5, 40 and 53 GHz (67 GHz coming soon)
Normally Open, Failsafe, Latching

RF Cycle Life Up to 5 million cycles
RF Power handling SMA: 40-500W | Type-N: 100-2,000W | K: 10-180W | 2.4mm: 3-100W
DC Control Solder Terminal, D-Sub, 16pin Dip Socket, USB

Indicators, Self Cut-Off (SCO), TTL, TTL Decoders, +COM, Auto Reset,
Suppression Diodes, LoPIM, Ruggedized, “Optimized RF”, High-Power

RF Connectors SMA, 2.92mm (K), 2.4mm, Type-N, TNC, SC, 7/16 & 4.3-10 DIN

Options

Our high-performance RF coaxial switches are engineered to meet the stringent
requirements of RF and microwave test applications up to 53 GHz.
Trusted by engineers worldwide, they offer exceptional signal integrity, repeatability, and
reliability - backed by responsive, expert-level support.

C360MiCLOW.AV.E;

e360microwave, Inc. | 753 Ames Ave., Milpitas, California 95035 | www.e360microwave.com
sales@e360microwave.com | +1-408-650-8360 | IMS2025 Booth # 672
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ftssceoe

A Fig. 2 NETBOX front plate.

purpose digital 1/O and status flags. If needed, there
is even a high speed Digital Pulse Generator option.
NETBOX products have a variety of connectors on the
front plate, making it easy to integrate a NETBOX into
any test application. Figure 2 shows the front plate of
a NETBOX unit.

Each NETBOX product is shipped with Spectrum’s
graphical user interface (GUI), SBench 6 Pro, which pro-
vides local, interactive control, waveform acquisition,
creation, display, signal analysis and documentation. It
also includes useful data import and export functions,
making it easy to transfer data between different NET-
BOX instruments, as well as third-party hardware and
software products. If you wish to run your own appli-
cation-specific code, the units are fully programmable
when running on Windows or LINUX operating sys-
tems. All NETBOX products come with software devel-
opment kits for programming in a host of different lan-
guages, including C++, Python, MATLAB and LabVIEW.

In general, Spectrum Instrumentation offers over 110
variants of NETBOX products, allowing customers to

pay only for the speed, channels and features they truly
need. Working together, the NETBOX digitizer and
AWG products form a formidable team that is perfect
for stimulus-response or closed-loop type applications.

MULTITONE TESTING FOR AMPLIFIER LINEARITY

This section contains a real-world example of the
advantages and benefits of the NETBOX product line.
Multitone testing is a common way of assessing the lin-
earity of amplifiers. Tests are frequently conducted us-
ing dual sinusoidal signals with high signal purity. The
two signals are applied to the input of an amplifier and
the distortion resulting from the nonlinearities in the
amplifier is measured. The Spectrum DN2.63x series
AWGs can generate a dual-tone signal in a single chan-
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A Fig. 3 A dual-tone test signal consisting of the sum of two
sine waves.
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webs/te today...
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LEADER IN CUSTOMER VALUE

VECTOR NETWORK ANALYZERS

* Metrology-grade performance backed by CMT’s ISO/IEC 17025 (2017) accredited lab.

+ Advanced software features in Windows or Linux OS included.

* Timely Support from automation and applications engineers who function as part of
your team to help configure and optimize measurements.

* Made in the USA.

VALUE

Sign up for a free instrument trial today and experience value firsthand.

Dynamic Range: 140 dB

Measurement Speed: 24 us, typ.

Differntial Measurement Conversion Included

Advanced Analytical Features Included

MULTIPORT VNAs FROM CMT

Multiport VNAs are a competitively priced, versatile multiport solution with excellent dynamic
range and reduced test times available in 6-, 8-, 10-, 12-, 14-, and 16-port configurations.

Multiport VNAs operate without using a switch matrix, enabling the full complexity of VNA
measurements, a streamlined calibration process, and reduced test times.
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nel with very low distortion, as shown in Figure 3.

The software tool, SBench 6 Pro, can create the data
for the required dual-tone waveforms by summing two
sine waves. In this case, the Spectrum DN2.636 series
AWG is producing sine waves at frequencies of 1.664
and 1.667 GHz. The data is created using a formula in
the GUI's function generator. The resultant waveform
shows a beat pattern equal to the frequency difference
between the two sinusoidal components. This is shown
in the top and bottom left quadrants of Figure 3. The
FFT of the signal, as shown in the upper right quadrant
of Figure 3, reveals a combined frequency peak at 1.66
GHz. Horizontally expanding the FFT shows the two
frequency components measured by the cursors. The
data is transferred to the AWG memory and the out—

IIE! HIEWEEQ ERNESO-S SENNIESNXERE
- ey
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A Fig. 4 Two-tone test input and results.

Power to 2500 Watts
Coupling: 30. 40, 50 dB

High Power Couplers
Multi-Octave, to 10 GHz

put signal is then applied to the amplifier under test. A
DN2.336 digitizer is then used to acquire and measure
the amplifier's output. Figure 4 shows the two-tone in-
put signal on the left and the acquired time signal on
the right. The figure shows that the acquired time signal
retains the beat frequency of the two carriers.

The frequency spectrum of the acquired signal is
expanded about the carriers to show the classic inter-
modulation mixing components. Cursors mark the car-
rier frequencies in the spectrum trace and the beat fre-
quency in the time domain view. The third-order mixing
products result from mixing a second harmonic of one
of the carrier signals with the other carrier. Other mixing
products, such as the second- and fifth-order products,
occur due to the similar mixing of harmonics and the
carrier signals. The amplitudes and frequencies of these
harmonic and mixing components are used to compute
several amplifier performance figures of merit. The puri-
ty of the signals from the source determines the limits of
this type of measurement. As shown in the example, the
Spectrum NETBOX instruments offer a straightforward
method for generating and acquiring high frequency,
high purity and low distortion waveforms.

YVENDORVIEW

Spectrum Instrumentation GmbH
Grosshansdorf, Germany
www.spectrum-instrumentation.com

Quick Delivery
Customization available

& 2500 Watts

Stripline Couplers Hybrids

Octave, Multi-Octave 90° & 180°

0.5-60 GHz Multi-Octave Coverage
Coupling: 6, 10, 20, 30 dB  0.3-40 GHz

Single and Dual Couplers Low Loss

SMA and N Connectors
High Isolation
Low Insertion Loss

Excellent Ampl. Balance
SMA and N Connectors
High Power Available

© www.pulsarmicrowave.com
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MICROWAVE CORPORATION B

48 Industrial West, Clifton, NJ 07012 | Tel: 973-779-6262 + Fax: 973-779-2727 | sales@pulsarmicrowave.com
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Solid-State/Magnetron
Weather Radar Transmitters

Pulse Systems
Easton, Mass.

roviding early warning for

extreme weather has be-

come an increasingly im-

portant requirement for
weather radar systems as popula-
tions have become larger and dens-
er. A recent report from the Interna-
tional Chamber of Commerce' pre-
dicts that extreme weather events
will cost the global economy more
than $2 trillion over the next de-
cade. When the loss of life is added
to the economic impacts, the need
for more powerful and sophisticat-
ed weather radar systems becomes
apparent.

Since the early 1970s, Pulse Sys-
tems has been a globally recog-
nized leader in the development,
design and manufacture of magnet-
ic components, radar subsystems
and RF sources. These reliable,
high-quality, high  performance

AN AN

>

A Fig. 1 TR-2900 weather radar
system.

174

products range from solid-state and
tube-based transmitters to power
supplies for a variety of radar-based
applications in defense and industri-
al markets. To support the evolving
needs of the weather radar market,
Pulse Systems has released the TR-
2900. The complete weather radar
system is shown in Figure 1.

As shown in Figure 1, the TR-
2900 weather radar system is large
and complex. It consists of a high-
voltage power supply, a control
panel and a pulse modulator system
comprised of circuitry and RF driver

stages powering a CPl magnetron
as an output stage. The magnetron
provides a minimum of 250 kW of
peak power at the output flange
from 5.2 to 5.9 GHz. The system is
designed to be connected directly
to an antenna as a single polariza-
tion system. It can be configured
for dual-polarization applications
by incorporating some additional
microwave components. Figure 2
shows an assembly drawing of the
mechanical considerations along
with these electrical functions.

Conventional weather radar

PART NUMBER DESCRIPTION QTY,|

1 | TR2900RevB-001-001 | Transmitter MTG Plate | 1

2 | TR2900RevB-001-002

Control Panel Right
Support Bracket

TR2900RevB-001-003

Control Panel Left
Support Bracket

TR2900RevB-010-000

Control Panel Assy

PS2900RevB-000-000

Power Supply Assy

MG2900RevB-000-000

Modular Assy

7146

Keystone Round Handle

91735A830

Screw #10-32 5/8"

O || NN ™ W

93852A101

Washer #10

-
o

92147A430

Lock Washer #10

AR IBR N =

A Fig. 2 Mechanical assembly drawing showing electrical functions.
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& Cable Assembly "

1.35mm Series up to SOGHz &

i S

f

1.0mm Series
Connectors, Adaptors,
and Cable Assemblies
up to 110GHz

« 1.0mm Connector

~ 1.85mm Connector
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2.4mm Connector
'DC to 50GHz, VSWR<1.2
- 2.92mm Connector
DC to 40GHz, VSWR<115

« 3.5mm Connector
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Frontlynk Technologies Inc. www. frontlynk.com

Tel: +886-6-356-2626
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ervisory control circuit governing

TABLE 1 fhe operating conditions of the two

TR-2900 PERFORMANCE SPECIFICATIONS drive circuits and the output section.

T Min. Max. Typical N The output section consists of a solid-

RF frequency (GHz) = = state switch assembly, a hlgh—volta'ge
step-up pulse transformer, a DC fila-

Output power (kW) = ment power supply and a pulse-shap-
Input voltage (Vac) 220 50/60 Hz single phase ing network. To generate the narrow
Pl i (1 See) 05 20 pulses that weather radar applications

5 - —y s 5 M may require, the rise and fall times of
ower factor correction (Vpc) us vortage the RF signal must be short. Achiev-
Control panel voltage (Vpc) 24 ing the necessary pulse rise and fall
Input line current (A) 75 times places stringent considerations
Peak cathode current (A) o on the magnetic material that is used

systems use a line-type modulator system, where the
pulse width is determined by the characteristics of the
system’s pulse-forming network. This approach creates
tuning challenges for the user. To mitigate this issue,
the Pulse Systems TR-2900 has been designed with a
programmable logic controller (PLC) to provide vari-
able pulse widths. The pulse width of this system can
be set anywhere from 0.5 to 2.0 psec with a 0.1 percent
(0.001) duty cycle. An Allen Bradley integrated PLC with
pre-selectable pulse widths at 0.5 psec, 0.8 psec, 1.0
psec and 2.0 psec allows for the variable pulse width
capability.

The complete modulator system consists of a su-

WEST-BOND’s

New F Series Bonders

Convertable

7 K Wedge / Ribbon
CEUNEET

7KF, 7KFX, 7KFH, 7KFHX Wire Bonder

in the pulse transformer design and the
proper winding configuration. These
are two areas that benefit from Pulse Systems’ long
heritage and expertise in magnetic material and com-
ponents.

Pulse Systems’ heritage and expertise also come into
play with the magnetron-based output stage. To pre-
vent magnetron modding, the rate of change for the
cathode voltage must be controlled. We have deter-
mined that the cathode voltage rate of change must be
kept in the 60 to 70 kV/psec range. The high-voltage
section of the modulator, including the pulsed-voltage
control of the magnetron cathode, is in an oil-filled sec-
tion of the weather radar system. The control function
for the modulator includes a solid-state switch assembly

Felping you make that cuucial cennection since 1966

: Convertable
73 K F Epoxy / Eutectic
Die Bonder

e 7” Capacitive Touch Screen
e Programmable Force and Tool Heat
e Cortex M7 Microcontroller

¢ 8:1 Advantage Micro-maniplator

1551 S. Harris Court Anaheim, CA 92806 E ST B O N D B
- ( ] ——
Ph. (714) 978-1551 l l ’ o

E-Mail: sales@westbond.com
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Mkr1 5.586 GHz

Ref 24 dBm 1.30 dBm

10 dB/

Atten 40 dB

5.580 Frequency (GHz) 5.590

A Fig. 3 TR-2900 output power.

mounted on a heat sink for easy access. This switch as-
sembly is turned on during the positive portion of the
drive pulse and kept off when the drive pulse goes to a
negative bias level. The high-power switching capabil-
ity of these devices and their high efficiency make them
well-suited for weather radar systems. The output pulse
width of the system bears a close relationship to the
drive pulse of the switch driver.

The power supply for the system is also an impor-
tant design consideration. In this case, the high-voltage
power supply has a series resonance full-bridge con-

Attenuator/ Termination
Available in S

S P

1.85mm

I1.Omm 1.35mm

figuration that uses SiC FETs as the main switching ele-
ments. This power supply configuration operates at an
80 KHz clock frequency with a pulse width modulation
regulation scheme. Some representative performance
characteristics of the TR-2900 weather radar system are
shown in Table 1.

Figure 3 shows the output power of the TR-2900
weather radar transmitter. To safely accommodate the
power levels, the output signal has been attenuated by
40 dB. The trace shows the output power at a center
frequency of approximately 5.586 GHz with a 2.0 psec
pulse width.

With a long heritage and history designing trans-
mitters for radar applications, Pulse Systems has intro-
duced the TR-2900 weather radar system. This system
incorporates solid-state technology, in addition to mag-
netron technology, to address some of the challenges
created by previous solutions in the segment. The result
is a high performance, high-power system that supports
the evolution of weather radar system capabilities.

Reference

1. “New report: extreme weather events cost economy $2 trillion
over the last decade,” International Chamber of Commerce, Nov.
11, 2024, Web: "https://iccwbo.org/news-pA recentublications/
policies-reports/new-report-extreme-weather-events-cost-econ-
omy-2-trillion-over-the-last-decade.”

Pulse Systems
Easton, Mass.
pulsesystem.com
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Lady?’ Bug

TECHHNOLOGIES L

LBSFOOL

to 9GHz True-R

adyBug Technologies an-

nounced the expansion of

its small form factor power

sensor product line by in-
troducing the new LBSFO9L. This
advanced power sensor operates
across a frequency range of 4 kHz
to 9 GHz and features an excel-
lent dynamic range, making it ideal
for a wide array of embedded and
automated test equipment (ATE)
applications. This new addition to
the LBSF product line is the small-
est power sensor in the world with
traceability.

The LBSFO9L embodies Lady-
Bug’s commitment to precision
and integration, encapsulated in
their tagline: “Designed for metrol-
ogy, built for integration.” It offers

Small Form Factor
Power Sensor

standard USB HID and USBTMC in-
terfaces plus optional HiSLIP LAN,
SPI and 12C interfaces. These inter-
faces enable seamless integration
into various systems, allowing the
self-contained power sensors to be
used without additional equipment.
lts compact design suits embedded
applications requiring traceability,
facilitating easy integration into ATE
systems.

Key benefits include high ac-
curacy for reliable measurements,
fast acquisition speed and patented
No-Zero No-Cal thermal character-
ization that maintains performance
and accuracy under varying tem-
perature conditions. Option LTX
extends the low-temperature op-
erating range to -50°C for opera-
tion in cold environments, making
the sensor ideal for satcom, space
and defense applications. Addition-

ally, the LBSFO9L provides superior
dynamic range and sensitivity, ac-
curately measuring signals with any
modulation bandwidth.

With a width of 0.8 in. and a
height of 1.6 in., the LBSFO9L can
comfortably fit multiple units within
a 1 RU rack space. Programmatic
measurements can be performed
using standard SCPI power meter
commands and queries, such as
Read? or Fetch?, across any of the
LBSFO9Ls interfaces.

Please visit LadyBug’s website for
more information on the LBSFO9L
power sensor and the complete
product line.

YVENDORVIEW

LadyBug Technologies
Boise, Idaho
www.ladybug-tech.com

Technology's

ohanson
0850HC47A0300001E is a
300 W, 90-degree hybrid RF
coupler designed for high-
power applications in the 700 to
1000 MHz range. This hybrid cou-
pler is ideal for LTE/4G/5G base

stations, DCS, AMPS and other
wireless system applications. The
0850HC47A0300001E has a maxi-
mum insertion loss of 0.4 dB, mini-
mum isolation of 23 dB and a hybrid
phase balance of 90 £3 degrees,
which enables superior signal integ-
rity.
Some of the key features of the
0850HC47A0300001E include:
e Handles up to 300 W (CW) for
high-power RF systems

180

High-Power RF Coupler

for Wireless

Applications

e Low insertion loss and high isola-
tion for improved efficiency
* Operating temperature range of

-55°C to +125°C
e Optimized for PCB integration

with Ni/Sn termination.

The 0850HC47A0300001E can
be customized for applications in the
400 to 9000 MHz range. The electri-
cal characteristics can also be tailored
for specific system requirements. The
hybrid RF coupler is designed for
seamless integration and PCB layout
guidelines are available to optimize
impedance matching. The robust
construction ensures reliable opera-
tion in demanding environments.

Managing power levels, thermal
efficiency and signal integrity are

critical in high-power RF applica-
tions. This coupler helps solve RF
design challenges by providing a
rugged, low loss solution to help
engineers optimize system perfor-
mance. Contact Johanson for PCB
layout files and customization op-
tions.

Johanson Technology has over 60
years of experience specializing in
designing and manufacturing high-
quality RF and microwave ceramic
chip capacitors, inductors and inte-
grated passives.

Johanson Technology
Camarillo, Calif.
www.johansontechnology.
com/contact/request-a-
sample/
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he GRFO030D from Guer-
rilla RF is a bare die, high
performance GaN-on-SiC
HEMT. It supports DC to 6
GHz applications requiring pulsed,
CW and linear operation modes.
The GRFO030D is also suitable for

Feration using 50 V or 28 V sup-
y rails.

GaN has many desirable char-
acteristics compared to alternative
transistor technologies. These in-
clude higher power density, lower
output capacitance and increased
breakdown voltage. These charac-
teristics combine to improve effi-
ciency and bandwidth in compact
application-level footprints. The
transistor delivers up to 50 W peak
power and greater than 60 percent
peak drain efficiency when operat-

o
P

TechBriefs

DCto 6 GHz 50 W
GaN-on-SiC Transistor

ed from a 50 V supply rail. The tran-
sistor exhibits a 150 V breakdown
voltage, 225°C maximum junction
temperature and a 10:1 VSWR ca-
pability, suitable for operation in de-
manding environments.

The GRFO030D is supported
with  S-parameter and load-pull
data measured in a 3 mm x 3 mm
QFN16 package from 1 to 6 GHz at
50 V and 28 V drain voltages. The
GaN-on-SiC bare die transistor is
well-suited for compact, rugged,
high-efficiency applications. This
makes the device ideal for S-Band
(2 to 4 GHz) and lower C-Band (4 to
6 GHz) radar, communications and
instrumentation applications.

Guerrilla RF provides high per-
formance MMICs and their cores
form the backbone of today’s state-

of-the-art RF and microwave com-
munication systems. Each RFIC is
tailored to meet the demanding
requirements of wireless infrastruc-
ture-grade applications found in
5@G, automotive connectivity, cellu-
lar boosters and DAS, military radi-
os and wireless audio. Guerrilla RF's
passion for creating the very best
RFICs has led directly to their suc-
cess as one of the fastest-growing
semiconductor firms in the industry.

\Y)VENDORVIEW

RFMW
San Jose, Calif.
www.rfmw.com

Guerrilla RF
Greensboro, N.C.
www.guerrilla-rf.com

YOUR
RALEIGH, NORTH CAROLINA  AUGUST 18-22, 2025

EMC+SIPI 2025 leads the industry in providing state-of-the-art education on EMC and
Signal Integrity and Power Integrity techniques. The Symposium features five full days
of innovative sessions, interactive workshops and tutorials, “Ask the Experts” panel
discussions, experiments and demonstrations, and social networking events.

BENEFITS & FEATURES
* Learn EMC, Signal Integrity and Power Integrity (SIPI) technigues

* Three days of expert technical papers

» Two full days of practical EMC and SIPI workshops and tutorials

*« Experiments and demonstrations of fundamental and advanced topics

« Add-on educational courses to expand your knowledge of EMC and SIPI.
¢ Find out the latest development in IEEE EMC and SIPI standards

* Exhibits! New Technologies, Instrumentation and Solutions

» Social gathering, connecting, and the Southern hospitality of Raleigh, NC

Aokl www.emc2025.0rg [ERIIZZATE

#IEEE_ESP25
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IMS2025 -
The Wireless Golden Gateway

Pat Hindle, Microwave Journal

aking place in San Fran-

cisco, Calif., this year,

IMS2025 will be the larg-

est gathering of RF and

microwave engineers
with about 9000 attendees and
500+ companies in the exhibition.
There is a lot going on during the
week so here are some of the high-
lights in chronological order to help
with your planning.

SUNDAY

The Workshops start at 8 a.m.
on Sunday and go through Monday
covering various topics. The half-
day Quantum Bootcamp also starts
at 8 a.m. on Sunday, with the Al/ML
Bootcamp starting in the afternoon.

Sunday evening is the RFIC re-
ception, forum and plenary talks
featuring Dr. John Smee, senior vice
president of engineering at Qual-
comm, discussing RFICs for 6G and
Maryam Rofougaran, CEO and co-
founder of Movandi, talking about
next generation ICs for data centers
and Al.

MONDAY

The RFIC Technical Sessions start
Monday morning at 8 a.m. and run

182

through Tuesday. There are panel
sessions each day starting at noon
Monday through Thursday. The half
day Wireless Power Technologies
Bootcamp and full day RF Boot-
camp also start at 8 a.m. on Mon-
day.

The IMS plenary session is Mon-
day evening featuring talks by
Arogyaswami J. Paulraj, Emeritus
Professor at Stanford University, dis-
cussing Antenna Arrays for Commu-
nications, Positioning, and Sensing
and Jin Bains, CEO of Mini-Circuits,
discussing the Next Generation of
RF Systems. Following that is the
IMS Welcome Reception, which will
be hosted at the San Francisco Mu-
seum of Modern Art (SF MOMA).

TUESDAY

The IMS Technical Sessions start
Tuesday morning at 8 a.m. and run
through Thursday covering field,
device and circuit technology, pas-
sive and active devices/compo-
nents, emerging technical areas,
focus and special sessions and sys-
tems and applications.

The exhibition opens at 9:30 a.m.
on Tuesday and runs through mid-
afternoon on Thursday. There will

be about 9000 total attendees with
about 500 exhibiting companies.
The Startup Pavilion will also be on
the exhibition floor with a program
of panel sessions and talks. The Mi-
croApps typically given by industry
experts on the exhibition floor also
starts Tuesday morning and run
through Thursday. The Startup pan-
els sessions and talks will be mixed
into the MicroApps sessions Tues-
day through Thursday. The Industry
Workshops start Tuesday morning
and run through Thursday, covering
practical simulation, test and de-
vice/component sessions.

The HAM Radio Social Network-
ing Reception is on Tuesday starting
at 6:30 p.m. The Women in Micro-
waves and Young Professionals af-
finity groups will also have events
on Tuesday starting at 7 p.m. At the
time of writing, the location of these
events was not available.

WEDNESDAY

The Future G Summit will feature
four sessions throughout the day,
each focusing on a different theme:
standards and regulatory progress
towards the next G, Al in wireless
communications, technologies for
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mmWave to THz and non-terrestrial
networks. The Interactive Forum is
Wednesday afternoon.

The IEEE Entrepreneurship Hard
Tech Venture Summit is an inno-
vation event that recognizes the
unique challenges faced by early-
stage hard tech startups. The Hard
Tech Summit starts Wednesday and
runs through Thursday at the Mar-
riott Marquis.

There is an industry hosted re-
ception on the exhibition floor start-
ing at 5 p.m. on Wednesday and
the MTT-S Awards Banquet will be
hosted at the Marriott Marquis start-
ing at 6:30 p.m.

THURSDAY

The IMS Closing session is Thurs-
day afternoon featuring David F
Welch, founder and CEO of At-
toTude, discussing Next Generation
Networking in the Data Center.

FRIDAY

The ARFTG conference takes
place on Friday.

IMS typically sets records for at-
tendance and number of compa-
nies in the exhibition whenever it
is located in San Francisco or Bos-
ton, so don't miss this opportunity
to learn, network and catch up with
old friends.
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EXHIBITION DATES AND HOURS:

Tuesday, 17 June 2025 09:30-17:00
Wednesday, 18 June 2025 09:30-18:00
Thursday, 19 June 2025 09:30-15:00

IMS WEEK AT A GLANCE:

Sunday, 15 June 2025

Workshops

Quantum Bootcamp

RFIC Technical Lecture
Al/ML Bootcamp

RFIC Plenary Session

RFIC Symposium Showcase
RFIC Reception

Monday, 16 June 2025

Workshops

RF Bootcamp

WPT Bootcamp

RFIC Technical Sessions
RFIC Panel Session
Three Minute Thesis
IMS Industry Showcase
IMS Plenary Session

IMS Welcome Reception

Tuesday, 17 June 2025

RFIC Technical Sessions

IMS Technical Sessions

IMS Student Design Competitions
IMS/RFIC Joint Panel Session

IMS Exhibition

MicroApps

Industry Workshops

RFIC Industry Chip Chat

MTT-S Journals Reception

HAM Radio Social

Young Professionals (YP) Reception
Women in Microwaves (WIM) Reception

Wednesday, 18 June 2025

IMS Technical Sessions and Interactive Forum
Hands On Experiential Activity

IMS Panel Session

IMS Exhibition

MicroApps

Industry Workshops

Future Networks Summit

Industry Hosted Reception

MTT-S Awards Banquet

Thursday, 19 June 2025

IMS Technical Sessions

Hands On Experiential Activity
IMS Panel Session

IMS Exhibition

MicroApps

Industry Workshops

WIM/YP Joint Panel Session
IMS Closing Session

Friday, 20 June 2025

105th ARFTG
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Welcome to IMS2025

Steven Rosenau, IMS2025 General Chair (R)
Jay Banwait, IMS2025 General Co-Chair (L)

t is our great pleasure to wel-

come you to San Francisco, Ca-

lif., for the 2025 IEEE Microwave

Theory and Technology Society

(MTT-S) International Microwave
Symposium (IMS2025), taking place
on 15-20 June 2025 in the City by
the Bay. Co-located with the IEEE
Radio Frequency Integrated Cir
cuits Symposium (RFIC) and the
Automatic Radio Frequency Tech-
niques Group (ARFTG) Conference,
IMS2025 offers an unparalleled
platform for learning, networking
and collaboration. Over the past
several years, a dedicated team of
volunteers has worked tirelessly to
design a truly unique and enrich-
ing experience. It is both a privilege
and an honor to lead this team in or-
ganizing the MTT-S’s premier event.

San Francisco has long captivat-
ed visitors with its iconic landmarks,
including the Golden Gate Bridge,
Fisherman’s Wharf and Ghirardel-
li Square. Hop aboard the city's
famed cable cars to explore world-
class museums, theaters and cultur-
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al treasures that reflect San Francis-
co’s innovative spirit. IMS2025 will
be hosted at the newly renovated
Moscone Center, which offers ex-
panded spaces for technical ses-
sions, engaging social events and
an impressive exhibit hall showcas-
ing the latest advancements in our
field. Situated in the heart of San
Francisco’s vibrant SoMa (South of
Market) district, the Moscone Cen-
ter provides easy access to the city’s
renowned cultural and culinary at-
tractions. Whether you join us for
the technical program or the exhi-
bition, IMS2025 promises to be a
remarkable experience-set against
the unforgettable backdrop of one
of the world’s most dynamic cit-
ies. IMS2025 in San Francisco is
the place for professionals who are
pushing the boundaries of micro-
wave and RF technology.

Just as the Golden Gate is the
gateway to San Francisco Bay, San
Francisco is the gateway to Silicon
Valley and the Bay Area-global in-
novation hubs in RF and microwave

technology. This dynamic region is
at the forefront of breakthroughs in
wireless communication, radar sys-
tems and high frequency electron-
ics, driven by a unique synergy of
startups, established industry lead-
ers and world-class research institu-
tions. The Bay Area is shaping the
wireless future, from pioneering
advancements in 6G and satellite
communications to transformative
solutions in defense systems and
loT.

Collaborations with universities
such as Stanford and UC Berkeley
have propelled groundbreaking
developments in semiconductors,
spectrum management and energy-
efficient design, directly influencing
industries ranging from telecommu-
nications to autonomous vehicles.
Whether revolutionizing compact,
high-power RF amplifiers or unlock-
ing the potential of next-generation
radar systems, the Bay Area contin-
ues to lead the way in RF and micro-
wave innovation. IMS2025 invites
you to join this dynamic ecosystem,
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where cutting-edge research and
real-world applications converge to
create a smarter, more connected
world.

For the first time at IMS, IMS2025
will be co-located with the IEEE
Hard Tech Venture Summit, a
groundbreaking event designed to
connect hard tech startup founders
with visionary investors and manu-
facturers, fostering the growth of
next-generation companies. This
exciting addition to Microwave
Week offers a unique platform for
innovation and collaboration, fea-
turing a series of panels and talks
led by leaders in the venture capital
and small business innovation re-
search communities on Wednesday.
Complementing these sessions,
the Hard Tech Pavilion, strategically
located near the StartUp Pavilion
and MicroApps Theater on the ex-
hibit floor, will provide an engaging
networking space and showcase
emerging technologies. The Hard
Tech Venture Summit is a must-at-
tend for anyone looking to engage
with the vibrant startup ecosystem
and drive the future of hard tech in-
novation.

IMS2025 will feature innova-
tive and disruptive technologies
through various thematic areas, in-
cluding Systems and Applications;
Aerospace and Security; Chips for
Critical Infrastructure; and Emerg-
ing Technologies, Innovations and
Entrepreneurship. This includes the
co-located, industry-focused Future
G Summit, jointly sponsored by the
MTT-S and the IEEE Antennas and
Propagation, Communications, and
Photonics Societies. You can also
look forward to industry-focused ini-
tiatives, such as the Industry Show-
case, Best Industry Paper Award,
and technical session keynotes, en-
suring a deep connection between
academic research and practical ap-
plication.

Microwave Week kicks off on
Sunday, 15 June 2025 with vari-
ous informative workshops and
bootcamps designed to keep par-
ticipants at the forefront of industry
trends or refresh their understand-
ing of microwave fundamentals.
Sunday also marks the start of our
technical symposia, with the RFIC
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symposium leading the way. The
IMS formally opens on Monday, 16
June with the Industry Showcase,
highlighting cutting-edge technical
advancements from participating
companies, immediately followed
by the Plenary Session.

The IMS Plenary Session will fea-
ture two talks. Jin Bains, CEO of
Mini-Circuits and a global leader
in the design and manufacturing of
RF, intermediate frequency and mi-
crowave components, will present
“Powering the Next Generation of
RF Systems,” exploring the evolv-
ing role of RF in modern technolo-
gy. Arogyaswami Paulraj, Professor
Emeritus at Stanford University and
a pioneer of multiple input, mul-
tiple-output wireless technology,
will deliver “Antenna Arrays for
Communications, Positioning, and
Sensing: Emerging Applications
and Challenges,” sharing insights
into the breakthroughs that have
shaped wireless systems world-
wide.

After the plenary session, you are
invited to the IMS Welcome Recep-
tion at the San Francisco Museum
of Modem Ar, just a short walk
from the Moscone Center. With ac-
cess to all five floors of this cultural
landmark, you can enjoy works from
iconic artists, such as Jackson Pol-
lock, Andy Warhol, Diego Rivera
and Frida Kahlo. Highlights include
the breathtaking Living Wall, a ver-
tical garden of more than 4,400 ft2
and the open-air sculpture garden,
offering a serene backdrop to stun-
ning city views.

Throughout the week, various
networking events provide oppor-
tunities to connect with colleagues
and peers. Receptions for Women
in Microwaves, Young Profession-
als, amateur radio enthusiasts and
MTT-S journal reviewers will be held
at exclusive venues on Tuesday eve-
ning.

The MTT-S Awards Banquet,
a hallmark of the symposium, will
take place on Wednesday, 18 June
(registration is required). Finally,
IMS2025 will close on Thursday,
19 June, with a special presenta-
tion titled, “Next Generation Net-
working in the Data Center,” which
explores the exciting convergence

O
IMS

15-20 JUNE

of wireless and optical technolo-
gies. This presentation is by Da-
vid F. Welch, who is chief strategy
officer at Infinera and an industry
leader with more than 40 years of
experience in the fiber-optics and
optical communications industries.
Microwave Week concludes with
the 105th ARFTG Microwave Mea-
surement Symposium on Friday, 20
June, to round out an incredible
week of collaboration, discovery,
and innovation.

With more than 550+ companies
participating in the exhibition, the
IMS is the world's largest gather-
ing of the RF and microwave com-
munity. The IMS2025 Exhibition will
take place in Halls A through E of
the Moscone Convention Center,
spanning more than 100,100 ft2 of
dedicated space. The exhibition will
be open from the morning of Tues-
day, 17 June, through the afternoon
of Thursday, 19 June.

In addition to the extensive indus-
try exhibition, you can look forward
to various engaging events held
within the exhibit hall throughout
the week. Tuesday will feature the
Student Design Competitions, while
Wednesday will include the Interac-
tive Forum. The MicroApps Theater
will host continuous presentations
featuring the latest advancements
from participating companies.

Building on past success,
IMS2025 will continue the StartUp
Pavilion, first introduced in 2019, to
spotlight emerging RF/microwave
startups. The StartUp Pavilion will
be near the MicroApps Theater and
the new Hard Tech Pavilion.

On Wednesday afternoon, there
will be a dedicated time slot for the
exhibition, with no technical ses-
sions scheduled, allowing you to
fully explore the exhibit floor. The
day will culminate in the Industry
Hosted Reception on the exhibit
floor. This event offers a chance to
network and express gratitude to
our Diamond, Platinum, Gold and
Silver Prestige Sponsors for their
generous support in making Micro-
wave Week a success!

In closing, we are thrilled to wel-
come you to IMS2025 in San Fran-
cisco for Microwave Week, 15-20
June 2025!
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tlve Technology,
on'natlve Solutions

New Short Form

Catalogue

Insulated Wire Inc. (IW) announced
the availability of a new short form
catalogue providing information

on their market-leading range of
products. The new brochure features
information of IW’s broad range

of cables including low loss/phase
stable, reflex, semi-rigid and non-RF
products.

Logus Space Qualified
Waveguide Switches

Logus presents a small glimpse of their two de-
cade space legacy right here.

Ul Mtron

Mtron Celebrates Tired of Googling for solutions or waiting

for an answer from tech support? Join
60 Years Qorvo’s Tech Forums to exchange ideas,

MtronPTI, now rebranded to Mtron, unveiled its troubleshoot issues and collaborate with
evolved brand identity as part of its 60th anniversary engineers who speak your language.
celebration, marking 60 years of innovation, growth
and transformation.

Mtron
www.mtronpti.com

Quantic Wenzel Moves
to New Facility

Quantic Wenzel has moved to a new 45,000-square-foot facility

in Austin, Texas. Located fjust over a quarter mile from the previ-
ous site, the new facility features a state-of-the-art cleanroom,
expanded engineering labs and optimized manufacturing areas to
enhance production.

Quantic Wenzel
www.quanticwenzel.com
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Power Amplifier (PA)

.~ = - Agile MwT’s broad-
Ag"::;WT q band 15 W PA, op-
AMT-A0350 erating from 2 to 18
o, GHz, is offered in a
Wik —% .
. =) compact module
configuration. AMT-
A0350 provides Psat of 15 W typical with
flat small signal gain of 43 dB typical, + 1
dB typical gain flatness with VSWR of
1.8:1 typical. Family of these PAs are
competitively priced and ship from stock
or short lead time. The new 20 W, 2to 18
GHz model will be available in Septem-
ber 2025.
www.agilemwt.com

Wideband Mixed-Signal Front-End
Platform

JVENDORVIEW
st gl Apollo MxFE™ is a
R e recently released
wideband  mixed-
signal front-end

platform offering instantaneous band-
widths as high as 10 GHz per channel
while directly sampling and synthesizing
frequencies up to 18 GHz (Ku-Band).
This monolithic 16 nm CMOS device uti-
lizes state-of-the-art high dynamic range
ADC and DAC cores with the best spuri-
ous free dynamic range and noise spec-
tral density available on the market today.
www.analog.com

PT Cables

Anoison challenges
/ the perception that
o top-quality test ca-

bles are always ex-
pensive and bulky. What is essential
when choosing test cables? Low inser-
tion loss, high phase stability, good RF
shielding, proper connector selection,
durability and flexibility. Why are high-
quality test cables necessary? Accurate
measurements, calibration impact and
repeatability. Anoison PT family of test
cables achieves these requirements
with equal to or better specifications,
less bulk and weight and at a signifi-
cantly lower price than you are used to.
Www.anoison.com
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Compact Microwave Synthesizer
Module - EcoSyn Lite MG36021A

Anritsu  MG36021A
10 MHz to 20 GHz
Microwave Synthe-
sizer Module offers
outstanding signal purity, best-in-class
output power range and ultra-fast
switching speed in a very small form
factor of 3.94 x 3.94 x 0.79 in. It is pow-
ered with an external 12 V DC power
supply and can be controlled through
USB or SPI interfaces. MG36021A sup-
ports SCPI commands over USB inter-
face. MG36021A is ideal for use as a LO
for clocking and other embedded appli-
cations.

www.anritsu.com/en-us/

Al-Enabled Computational Software
JVENDORVIEW

Cadence enables
% engineers to drasti-
#4 cally reduce turn-
around times for RF to mmWave compo-
nents and systems targeting 5G/6G, ra-
dar and other wireless applications.
Al-enabled computational software
supports next-generation design, analy-
sis and front-to-back workflows for 111-V
and silicon MMICs/RFICs, PCBs, pack-
ages and systems implemented through
multi-fabric heterogeneous integration.
www.cadence.com

Rack Mount Broadband GaN High
Power Amplifiers
Y)VENDORVIEW

This line of GaN
. rack mount amplifi-
| ers is high power,
| efficientand can be
W& customized to your
projects needs. The model CBP-
(G30404040R-01 has a large band from 30
to 40 GHz, a high 40 dB gain and an out-
put of 40 dBm. It is packaged in a 4U
rack mount with cooling apparatus in-
cluded and runs on standard AC power,
so it will always be ready to strengthen
your RF signal whenever you need it.
WWW.cernex.com

S
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Amplifiers
Standard  models
—q include units with
sl instantaneous

bandwidths cover-
ing 10 MHz to 6 GHz and 24 to 43 GHz
(designs for 52 GHz available) to support
both the uplink/downlink bands for 5G
NR. Designs are available with O/P lev-
els up to +33 dBm P1 dBPT and func-
tions including detectors, switched/RF
bypass (TTL), variable gain (digital and
VVA) or full rack mount with Ethernet
control. Multiple gain levels from 10 dB
and up are available, with typical noise
figuresin the 3to 5 dB range.
www.ciaowireless.com

Wirewound Chip Inductors

-\ With a maximum
Q =N height of just 0.28
i“"“ mm, Coilcraft's

o 020THT Series wire-

wound chip induc-
tors offer the industry’s lowest profile in
a 0201 size (metric 0603). They have sig-
nificantly higher Q and lower DCR than
similarly sized thin-film types and are
optimized for high frequency impedance
matching in applications such as cell
phones, wearable devices, Wi-Fi, Blue-
tooth, GPS and LTE/5G loT networks. As
with all Coilcraft products, free samples
of the 0201HT Series are available at
www.coilcraft.com.
www.coilcraft.com

SN0916 16-Port 9 GHz Analyzer
)VENDORVIEW

SN0916 is a versa-
tile 9 GHz multiport
solution with excel-

lent dynamic range
(140 dB typicall and measurement
speed (24 ps). This VNA enables de-
pendable, accurate testing of various
DUTs: multiport antennas, integrated
circuits, switches, interconnects, cable
assemblies, diplexers, etc. SN0916 has
a streamlined calibration process for re-
duced testtimes. The hardware canfita
19 in. rack and utilizes robust, durable
port connectors with ergonomic posi-
tioning for simplified cable connection.
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Additional models are available in 6-, 8-,
10-, 12- and 14-port configurations.
www.coppermountaintech.com

Electronic Components and
Subsystems
JVENDORVIEW

CPI Electron Device Business (CPI EDB)
is a manufacturer of electronic compo-
nents and subsystems focused primarily
on the defense market. The company
develops, manufactures and globally
distributes innovative and reliable tech-
nology solutions used in the generation,
amplification, transmission and recep-
tion of microwave signals for commer-
cial and military applications. CPI EDB
serves customers in the communica-
tions, defense, medical, industrial and
scientific markets.
www.cpi-edb.com

Space Qualified Products

N el Crane designs and
; manufactures high
e — performance space
*M qualified  passive
—='" """ products for de-
Previously Qualified fE.mse and _commer-
cial satellite cus-
tomers. Crane can readily meet your
specific space program needs with a
selection of pre-qualified products that
provide proven high-reliability design,
shorter delivery and reduced costs.
Products include power dividers, direc-
tional couplers, mixers, modulators, iso-
dividers/combiners and beamformers.
Find your solution with Crane's easy-to-
use Product Finder at www.cranemicro-
wave.com.
wWww.cranemicrowave.com

1212 Module

)VENDORVIEW

Empower RF Systems’ 1212 module is a
popular choice for fielded C-UAS appli-
cations. This SSPA operates from 2000 to
6000 MHz with 50 W minimum output
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and showcases Em-
power RFs exper-
tise in designing
compact and reli-
able HPAs for EW
systems. The 1212is
part of Empower's
smart module family, offering digital con-
trols and reporting, simplifying integra-
tion for cutting-edge C-UAS solutions. Its
compact design, utilizing GaN technolo-
gy, ensures high reliability and perfor-
mance in demanding electromagnetic
response scenarios.
www.empowerrf.com

Frequency Extenders Boost VNA
Measurement Capabilities
\JVENDORVIEW

' Frequency-extend-
By able VNAs are in-
creasingly vital for
measuring compo-
nents and antennas
at mmWave and
sub-THz  frequen-
cies. The STO series of transmit/receive
frequency extenders supports bi-direc-
tional VNA measurements covering
waveguide bands from 50 to 330 GHz.
Internal frequency multipliers generate
higher frequency RF and LO signals from
lower frequency outputs provided by
the VNA. Sensitive down-converters
and effective noise filters yield dynamic
range as high as 120 dB. Accessories
include Proxi-Flange™ contactless
waveguide adapters that eliminate the
need for waveguide screws during
tests.

www.eravant.com

Low Noise Amplifier

Covering a wide
bandwidth of 1to 40
GHz, ERZIA's ERZ-
LNA-0100-4000-45-

5 low noise amplifi-
erisideal for applications requiring broad
frequency coverage, high data through-
put and low distortion for optimal system
performance across a range of demand-
ing environments. It provides a gain of 45
dB with a noise figure of 5 dB and is de-
signed to be compact and lightweight,

0
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making it ideal for your next system.
Www.erzia.com

Exodus AMP40007, 8.0-12.0 GHz,
200w
VENDORVIEW

Exodus AMP40007
is designed for re-
placing aging TWT
technology. A
broadband, rugged
EMC Class A/AB linear design for all
modulations and industry standards.
Covers X-Band 8.0 to 12.0 GHz, 200 W
minimum/250 W typical with a minimum
53 dB gain. Excellent flatness, optional
monitoring parameters for forward/re-
flected power, VSWR, voltage, current
and temperature sensing for superb re-
liability. Exodus advanced technology in
our compact 6U-chassis.
www.exoduscomm.com

USB Control Variable Attenuators
Series 024

The Flann Series 024
USB control variable
waveguide  attenuator
expands upon its range
Y. of variable attenuators to
g provide a compact, low-
cost solution. An im-
proved RF design enables an attenua-
tion flatness of =10 percent across the
full waveguide band, within its guaran-
teed attenuation range. USB control
provides quick and repeatable change
in attenuation while also allowing the
possibility to seamlessly incorporate the
unit into larger and/or OEM systems.
www.flann.com

Pick Up Your T-Shirt
in the M\é\g Booth 935

’
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Redefining Flexibility and
Performance with Littlebend®
Cables
VENDORVIEW
S HASCO's ultra-
flexible  cable
\ \» lineis the perfect
- solution for tight-
space RF instal-
lations where performance cannot
be compromised. Designed with a
tight bend radius, low insertion loss
and high shielding effectiveness, Lit-
tlebend® Cables deliver reliable sig-
nal integrity in even the most com-
pact systems. Ideal for telecom,
aerospace, medical and loT applica-
tions, these cables provide the
strength of traditional coaxial solu-
tions with unmatched flexibility.
Choose Littlebend® for space-effi-
cient, high performance RF connec-
tivity — where precision meets
adaptability.
www.hasco-inc.com/littlebend

Reliable Solution for GPS Signal
Splitting

The  WMB8PD-
GPS-ACT-S
8-way power di-
vider from Wer-
bel Microwave
delivers consis-
tent perfor-
mance from 0.9to 2.2 GHz. Builtin the
U.S. with SMA female connectors,
active circuitry and a durable alumi-
num case, it's designed for long-term
reliability and precise signal output.
When performance and trust matter,
this is the smart choice for your RF
setup. Explore seamless integration
with trusted Werbel's quality active
splitters, couplers and power divid-
ers.
www.werbelmicrowave.com
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Herotek offers a
wide range of
mmWave limiters.
Model LP18-40A is
a limiter operating from 18 to 40 GHz
with a 1 W CW power handling capabil-
ity. It has an insertion loss of 4 dB maxi-
mum and 2:1 VSWR with a maximum
leakage of +20 dBm at 1 W CW input
power. This limiter comes in a hermeti-
cally sealed package with removable
connectors for drop-in assemble and
designed for both military and commer-
cial applications.

www.herotek.com

Five New USB Attenuator Models
Y)VENDORVIEW

JFW has just added
five USB attenuator
models to the web-
site. All five models
are  four-channel
USB  attenuators.
Each attenuator is individually con-
trolled using our GUI test software. They
are the 50P-2089 SMA (0 to 95 x 1 dB,
200 to 6000 MHz), 50P-2137 SMA (0 to 95
x 1 dB, 30 to 3000 MHz), 50P-2138 SMA
(0to 95 x 1 dB, 1to 1000 MHz), 50P-2141
SMA (0 to 63 x 1 dB, 200 to 6000 MHz)
and the 50P-2142 SMA (0 to 63.5 x 0.5
dB, 30 to 3000 MHz) models.

www.jfwindustries.com

Isolators & Circulators
Y)VENDORVIEW

JAL continues to
expand the product
base through inno-
vationandlaunched
a unique design of
coaxial isolator and
circulator in the frequency 27 to 31 GHz.
This design has an integral housing with
connectors. This device has extremely
low insertion loss over the broad band,
stable over temperature range and al-
most zero RF leakage, making it ideal for
applications such as space, airborne
terminals, man-pack radios and satcom-
on-the-move.
www.jqltechnologies.com
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Multidisciplinary Microwave
Components and Subassemblies

KRATOS Micro-
. ‘/ wave  Electronics
e Division is a global-
ly recognized lead-
erinthe design and manufacture of high
performance, state-of-the-art multidis-
ciplinary microwave components and
subassemblies used in defense, com-
mercial and space applications. With
over 50 years of proven expertise and an
unwavering commitment to quality and
reliability, the company continues to set
industry standards. To meet the specific
needs of its customers, Kratos offers
cutting-edge technologies. These in-
clude embedded DSP, mixed-signal pro-
cessing, system-on-chip devices, high-
power amplifiers, FPGA and other ad-
vanced digital technologies.
www.kratosmed.com

KRYTAR is Celebrating its 50-year
Anniversary
\JVENDORVIEW

Founded by Thomas

[ (3471 8 . Russell in 1975,
j KRYTAR specializes
in the high perfor-
mance design and
manufacture of ul-
tra-broadband
mmWave, micro-
wave and RF components and test
equipment for both commercial and
military wireless communications, ra-
dar, space and thermal vacuum applica-
tions. Products cover DC to 110.0 GHz,
including directional couplers and de-
tectors, 3 dB hybrids, MLDD power di-
viders, terminations, coaxial adapters,
bias tees, Butler matrices, Butlers with
phase shift and monopulse compara-
tors. The KRYTAR booth 1635 will be
showcasing many new innovative prod-
ucts.
www.krytar.com
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Vibration Isolated 0CX0 D-RUG
Module

This module fea-
tures an ultra-low
g-sensitivity 0CX0
encapsulated in a
specially developed
mechanical vibra-
tion damping sys-
tem, with a package size of 80 x 80 x 50
mm. It demonstrates outstanding dy-
namic phase noise performance under
harsh environmental conditions — in-
cluding temperature, altitude, vibration
and shock — as specified by MIL-STD-
810G Change Notice 1 and RTCA DO-
160G. The effective g-sensitivity is im-
proved by a factor of 10 at 100 Hz and by
a factor of 100 at 1 kHz.

www.kvg-gmbh.de
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Spectrum of Power Sensor Products

YVENDORVIEW

Visit LadyBug at
booth 1731 to ex-
plore its wide selec-
tion of power mea-
surement solutions.
The company’s
sales engineers will
demonstrate the LBSF09A, the world's
most compact traceable power sensor,
alongside its new LAN power sensor in-
terface system featuring an embedded
web-based power meter and interactive
10 control. You'll also see its new wave-
guide power sensors, expanding Lady-
Bug's measurement capabilities. Its en-
gineers will be on hand to discuss these
innovations as well as its custom ther-
mocouple sensors, tailored to meet your
specific needs.
www.ladybug-tech.com

DC to 40 GHz 2.92mm SP6T
Terminated Coaxial Switch

The Logus Micro-
wave SP6T termi-
nated coaxial
switch sets a
benchmark for RF/
microwave applica-
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tions with TTL control and fast switch-
ing. Supporting seamless signal routing
across DC to 40 GHz, it features a latch-
ing design, single set of indicators, low
0.9 dB insertion loss, 50 dB isolation and
2.0:1 VSWR. Built for reliability, precision
and durability, this switch excels in de-
manding environments requiring high
frequency signal integrity.
www.logus.com

Advanced Direct Laser Processing
for Special Materials

LPKF's latest nano
and picosecond
ProtoLaser systems
enable direct mate-
rial processing for
flexible, rigid-flex
and RF/microwave
substrates with patented rapid metal re-
moval, precise drilling and cutting, con-
trolled engraving and customizable set-
tings. Advanced software allows on-
demand production of precision devices
in minutes within your lab.
www.lpkfusa.com

Fast-Switching Frequency
Synthesizer

Mu-del Electronics,
LLC, a Luff Re-
search/Ironwave
Technologies com-
pany, has devel-
oped a new fast-switching frequency
synthesizer (Model FSFS) for modern
ATE and EW systems. These synthesiz-
ers offer broadband (0.5 to 20 GHz), fast
switching (less than 1 psec) and exhibit
low phase noise. These units operate on
internal reference. The new product will
be available June through August 2025.
www.ironwavetech.com/luff-
research

Surface-Mount Quadplexer
@VENDORVIEW

The MMPX-00002PSM is a MMIC sur-
face-mount quadplexer capable of mul-
tiplexing DC to 6 GHz / 8to 10 GHz/ 12 to
14 GHz / 16 to 18 GHz signals. Passive
GaAs MMIC technology allows produc-

0
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tion of smaller filter constructions that
replace larger form factor circuit board
Iy constructions. Tight

fabrication  toler-
ances allow for less
unit-to-unit  varia-

tion than traditional
filter technologies.
The MMPX-
00002PSM is available as a 6 x 6 mm
QFN. Low unit-to-unit variation allows
for accurate simulations using the pro-
vided SnP files taken from measured
production units.
www.markimicrowave.com

Active and Passive Products
Do you have trouble

N @ X )

4 meeting that RF/mi-

J ) - crowave diode, chip
!I capacitor or resistor

) (J] specification?  Has

- cost been a factor?

By going the extra

mile, MBT's active and passive products

are Class K ready to meet the growing need

for your mission-critical application. Moti-

vated by Performance, Focused on Reliabil-
ity®

www.massbaytech.com

Characterization Solutions,
Components and Services

@ Maury Microwave

Maury Microwave's mission is to give its
customers confidence in their RF through
THz measurements and models. They ac-
complish this by providing best-in-class
and fully proven characterization solu-
tions, components and services. Visit
Maury Microwave at IMS booth #727 to
learn about InsightPro™, the industry’s
premier unified software suite, designed
to accelerate the component and sub-
system measurement and model extrac-
tion workflow for research and develop-
ment, design verification and small-scale
production testing. Visit Maury’s other
booth #1032 to learn about its cables and
interconnect solutions.
wWww.maurymw.com

MW]JOURNAL.COM m MAY 2025



icr@wave
J(M)urnal}

ASK
MICROWAVE JOURNAL

Try our Al Search
V-

£

ASK MICROWAVE JOURNAL - Try our Al-powered
search tool that makes it easy to find exactly
what you need. Type your question or topic into
the search bar and get reliable, relevant results
from our technical database.

Try it Now:
microwavejournal.com/ask-microwave-journal

Sponsored By ﬁ‘w



AM9018 Miniature Receiver Module

AM9018 is a fully in-
tegrated tuner mod-
ule that provides
high dynamic range
coverage from 0.9 to 18 GHz. The analog
IF output frequency is centered at 2 GHz
with a 1 GHz bandwidth and a bypass
path from 10 MHz to 6 GHz delivers direct
spectrum capture capabilities. It can be
mountable to a host circuit board for use
in multi-channel receiver applications
and multiple tuner sets can be configured
to work together for coherent operation
and N-channel applications.
WWW.mrcy.com

2-8 GHz, 30/40 dB, 400 W, High
Power Dual-Directional Coupler
YJVENDORVIEW

&) Micable 2 to 8

y 2 GHz, 30/40 dB,

X 400 W, high-pow-

R & er dual-direction-

al coupler has DC

pass capability. It has excellent main-

line/coupling VSWR (1.4:1/1.4:1 maxi-

mum), low insertion loss (0.4 dB maxi-

mum), excellent coupling (30/40+0.8

dB maximum) and flatness (+0.9 dB

maximum), high directivity (14 dB mini-

mum) and 400 W CW power handling

capability. It can be widely used in 5G,

testing, instrumentation, PA, transmit-
ter and other fields.

0.5-6 GHz, 100 W, Surface-Mount
90 °Hybrid

Milcable just re-
leased the new
0.5 to 6 GHz high
power surface-
mount 90-degree
hybrid. It has low insertion loss (1.2
dB maximum), low VSWR (1.5:1 maxi-
mum) extremely good amplitude un-
balance (=1 dB maximum) and phase
unbalance (+6 degrees maximum),
highisolation (15 dB minimum) and 100
W power handling capability with ex-
cellent stability and heat dissipation
ability in a small package. Itis suitable
for power amplifier, power combining
network, antenna feed network, mod-
ulator and phase shifter applications.

www.micable.cn
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uWave Wizard Coupling Matrix

The all-new coupling matrix synthesis feature enables the

fast design of filters with inline, folded, triplet, quadruplet,

dual-mode or user-defined topologies. The tool provides

¥

precise control with real and pairs of complex frequency
transmission zeros. Users will take advantage of integrat-
ed non-resonating node for synthesizing extracted pole

filters and can monitor return loss, rejection, insertion
loss, group delay and resonator Q-factor in real time. Coupling issues in measured or
simulated filter responses can be identified and adjusted by manually manipulating
coupling parameters via intuitive slider controls. The tool also supports the extraction
of the coupling matrix from simulated or measured S-parameter data for bandpass

filters with a given topology.
www.mician.com

GaN Power Amplifier 13-16 GHz
40 W 24V 1.6A

oo

The MMGP526
Miller

; performance
GaN PA operating from 13 to 16 GHz,
delivering up to 40 W saturated out-
put. Designed for X- and Ku-Band
systems, it offers high efficiency, lin-
earity and ruggedness. Ideal for ra-
dar, satcom, EW and RF modules, it
supports CW and pulsed modes.
Built on GaN-on-SiC, it ensures ex-
cellent thermal handling, reliability
and compact integration — making it
a strong choice for demanding mi-
crowave and high-power RF applica-
tions.

Distributed Broadband Amplifier DC-
70 GHz Gain 14 dB P1dB +18 dBm

- ™ The MMWS5FP
{ from Miller
MMIC is a high

performance
distributed amplifier covering DC to
70 GHz. It offers 14 dB gain, +18 dBm
P1dB and 4 dB noise figure. Designed
for ultra-wideband applications, it
ensures low noise, flat gain and ex-
cellent linearity. Ideal for high speed
communications, optical transceiv-
ers, test systems, broadband EW and
mmWave subsystems requiring com-
pact, consistent performance.
www.millermmic.com

Benchtop mmWave Radar Testing
Setup

MilliBox has a range
of OTA test setups
(MBX33R) specifi-
cally designed for
mmWave radar measurements. They
feature MBX3x large cavity benchtop an-
echoic chamber, GIMO04 3-Axis DUT posi-
tioner and up to nine fixed or oscillating
wall-mounted trihedral corner reflectors.
Radar target simulators can be mounted
inside the chamber for controlled para-
metric  testing. These affordable
mmWave test setups are ideal for devel-
opers testing and tuning their radar per-
formance at any incident angle for a wide
range of use cases.
www.millibox.org

Wideband Synthesizer

The MI-WAVE 958
Series  wideband
synthesizer is a high
performance, GUI-
controlled solution
for ultra-wideband applications. It sup-
ports CW, frequency sweep, frequency
hop and external trigger modes, with re-
mote operation via Wi-Fi or Ethernet. Key
features include internal filtering, low
phase noise, adjustable charge-pump
current, remote RF on/off control and
single supply operation (8 to 15 V). Com-
patible with 10 to 250 MHz references
and featuring temperature monitoring, it
ensures precision and reliability. Perfect
for ATE, telecom, satellite, embedded
systems, secure communications and
EW applications.

www.miwv.com
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3.5 W MMIC Power Amplifier, 8 to 12 GHz
\JVENDORVIEW

P

Mini-Circuits’ new 3.5 W MMIC PA provides high dynamic
range with significant headroom for high PAPR signals from
810 12 GHz. Nearly 30 dB of gain and 43.8 dBm OIP3 make the
PMAB-123-3W+ an excellent driver stage for pulsed or linear systems. This mod-
el comes in a 5 x 5 mm QFN-style package, ideal for shoehorning into dense
board layouts and meeting demanding SWaP targets. This model is ideally suited
for X-Band radar, wireless and VSAT systems and more.

Dual-Band Signal Generator for X-Band Test Applications

Mini-Circuits" SSG-8N12GD-RC is a dual-band synthesized
S ”/ signal generator capable of producing signals from 8 to 12.5

GHz over a dynamic range from -55 to +23 dBm. The two

channels can operate independently in coherent and non-
coherent modes with 360-degree phase control. Controlled
via USB, Ethernet and PoE interfaces, the generator offers CW, pulsed, AM, FM
and chirp modulation options, automated sweep and hop sequences over fre-
quency and power and daisy-chain connection to control multiple modules on
one control line.

Suspended Substrate Diplexer Combines DC to 3 GHz and 4 to 20 GHz
Channels

Mini-Circuits” ZDSS-3G4G-S+ is a suspended substrate di-
plexer with a low-pass channel from DC to 3 GHz and a high-
pass channel from 4 to 20 GHz. Capable of handling up to 3W
RF input power with 1.5 dB insertion loss on both channels,
this model has become popular for combining wideband or
multiband signals into a common port without the losses of a
traditional combiner. This model features SMA connectors at
all ports and rugged construction for reliable performance in harsh environments.

1 kW Turnkey Signal Source for ISM RF Energy

Mini-Circuits” RFS-2G42G51K0+ is a turnkey high-power sig-
" nal source for 2.4 to 2.5 GHz ISM applications. Capable of

delivering up to 1 kW of RF power, this water-cooled system
incorporates four Mini-Circuits SSPAs with built-in signal source, control and
power supply in a 2U, 19 in. rack-mountable chassis. Controlled via USB, Ether-
net, EtherCAT and RS-485, the unit features built-in monitoring and protection for
temperature, current, forward and reverse power. A Windows®-based GUI and
front-panel touch screen provide access to the signal source and monitoring
functions.

f-mm :f

Phase-Stable Flex Cables, DC to 26.5 GHz

Mini-Circuits has introduced the CBN-series of phase-stable
flexible cables supporting a wide range of precision test ap-
plications from DC to 26.5 GHz. CBN-series models provide
/ exceptional phase and amplitude stability (+6 degrees, +0.08
dB) in bend radii as small as 50 mm. 90 dB shielding effec-
tiveness and 74 percent velocity of propagation ensure out-
standing transmission efficiency for outstanding measurement integrity and con-
sistency. These high performance cables are available from stock in lengths from

11to 5 ft., with custom lengths available.
www.minicircuits.com

L
&
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Hercules™ Switch Line™

HtE LULE»& MPG’'s Hercules™

¥ switch line is preci-
¥ sion-engineered for
performance, reli-
ability and future-
ready automation. Designed for excep-
tional RF performance up to 27 GHz,
Hercules™ offers minimal insertion
loss, high isolation and rugged durabili-
ty. Developed using advanced metrolo-
gy and material science, it ensures data-
driven consistency across SPDT, SP6T
and SP12T models. With TTL logic con-
trol, a long lifecycle and robust environ-
mental ratings, Hercules sets a new
standard for high frequency switching in
mission-critical and demanding applica-
tions.
www.mpgdover.com

e-Vibe™ Series of Electronically
Compensated 0CX0, X05503-100
MHz

The Mtron X05503
‘ ‘ﬂ Series  e-Vibe™
S 0CXO0 incorporates
an SC-cut resonator
and electronic vibration compensation,
resulting in 0.02 ppb/g G-sensitivity. The
e-Vibe™ 0CXO replaces bulkier me-
chanically vibration-compensated prod-
ucts and improves system performance
while reducing size to 2.0 x 1.5 x 0.8 in.
and weight to 70 g. Other features: a
wide temperature range (-45°C to +85°C)
and stability down to +200 ppb. Mtron
offers a broad line of precision RF com-
ponents and solutions. MtronPTl is an
ISO 9001:2015 and AS9100 Rev. D certi-
fied organization.
www.mtron.com

Surface-Mount Cavity Filter

Introducing the NIC
X-Band  surface-
mount cavity filter,
built with high-tem-
perature (Sn95Sh05)
solder to endure standard PCB reflow
profiles of up to 215°C. This advanced
filter delivers impressive performance
with a passband insertion loss of less
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than 1 dB and exceptional out-of-band
rejection greater than 60 dB, even up to
3x the center frequency. Its compact
and durable SMT design makes it the
ideal choice for demanding applications in
radar, EW and space missions. Visit us at
IMS2025 booth 627 for more information.
www.nickc.com

Custom Transceivers

\VENDORVIEW

Norden designs
custom transceiv-
ers for military and
commercial appli-
cations, including
airborne, UAV and
EW. They have “catalog” models that
provide wideband RF and up to 1.5 GHz
IF with low phase noise. Norden can
provide custom designs that incorpo-
rate temperature compensation, vari-
able gain and meet military environmen-
tal requirements. Norden also offers
models in a low SWaP 3U VPX module,
which includes a built-in LO. Norden en-
gineers utilize proven designs to provide
low risk, cost-effective solutions.
www.nordengroup.com

Fueling Innovation

Powering America’s technology. MMIC
- sales, foundry ser-

/ y vices, design and

test services, wafer

bumping, IC pack-
aging and RF units.
www.ngc.com/
micro

8 W Ka-Band Surface-Mount PA
\T}\/ENDORVIEW

Nxbeam expands
its Ka-Band PA
portfolio with the
release of a sur-
face-mount 8 W
GaN PA. The NPA2040-SM operates
from 27.5 to 31 GHz and provides an av-
erage saturated output power of 8 W, 25
percent power-added efficiency and 22
dB linear gain. This part is ideal for sat-
ellite communication ground terminals
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and point-to-point communication links
and can be used as a driver for its higher
power 20 W and 35 W GaN PA MMICs.
www.nxbeam.com

Broadband Amplifier 20-1000 MHz

The 5127 is a 200 W
¥ ] broadband amplifi-
= er that covers the
20 to 1000 MHz fre-
quency range. This amplifier utilizes
class A/AB linear power devices that
provide an excellent third-order inter-
cept point, high gain and a wide dynam-
ic range. This series has been updated
to deliver more power with less con-
sumption in a compact package. Power
levels range from 20 to 1000 W. Suitable
for EMC, EW, pulse and other lab testing
needs. Five-year warranty provided.
www.ophirrf.com

RF/Microwave Passive Components

Passive Plus leads
the way in manu-
facturing high per-
formance RF/micro-
wave passive com-
ponents providing
cutting-edge solu-
tions for the medi-
cal, semiconductor,
or telecommunica-
tions industries. Its components are en-
gineered for ground-based satcom
equipment, delivering unmatched reli-
ability and precision for satellite trans-
mission and receiving systems. De-
signed to withstand the demanding con-
ditions, its products ensure optimal
performance, exceptional signal integ-
rity and robust durability, making them
the ideal choice for mission-critical ap-
plications in satellite operations.
www.passiveplus.com

Tower Antenna Mounts

Tower Antenna
Mounts (TAMSs)
from Pivotone are
designed to allow
an equipment pole
to be offset and tilt-
able from a parent

)
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pole or tower leg, which makes it possi-
ble to compensate to get a vertical pole
on an inclined tower. The TAMs can be
installed on masts as well as conical
towers and they can handle a wide
range of all common frame leg designs:
L-profile, round and square.
www.pivotone.com

Frequency and Timing Products

Q-Tech Corporation
and its German af-
filiate, AXTAL, deliv-
er technology lead-
ership with an ex-
tensive selection of frequency and
timing products for aerospace, defense,
avionics, high-temperature, instrumen-
tation and master clock applications.
The Q-Tech and AXTAL product portfoli-
os combined offer a full range of crystal
oscillators: X0s, TCX0s, MCX0s and
0CX0s, plus additional technologies for
complex modules, oscillators with mul-
tiple outputs and those with optimized
performance under vibration. Stop by
booth 4215 at IMS2025 to learn more
about Q-Tech'’s product offerings.
www.q-tech.com

Learn How Qorvo Is Powering the
Future of Satcom

\)VENDORVIEW

Qorvo

New Ku-Eand Beamforming ICs are
Designod for High-Seo liatle
Sasellite Cornaciions

Qorvo's latest inte-
grated BFICs provide
a competitive edge
with the lowest noise
figure,  enhanced
temperature stability
and simplified system integration. They
eliminate external LNAs, reduce calibra-
tion complexity and improve cost-effec-
tiveness. Designed for high channel effi-
ciency, these BFICs optimize link budgets
and reduce power consumption — deliv-
ering superior performance for next-gen-
eration satcom networks. Built on de-
cades of RF leadership, Qorvo delivers the
performance, scale and innovation trusted
by top satcom providers worldwide. Learn
more at IMS booth #543.
WWW.qOorvo.com
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Multi-Line Filters

N # % Quantic Corry's
R : ‘l multi-line filters of-
—_— “*  fer efficient, cost-
& « @& o cffective EMI/RFI

isolation for multi-
compartment systems. Customize as-
semblies for optimal “clean” power and
interference-free control signals. The
company provides cross-referencing
for existing specifications or designs
custom filters to meet precise require-
ments. Its solutions ensure reliable per-
formance, minimizing electromagnetic
interference and maximizing system in-
tegrity.
www.quanticcorry.com

3-Terminal Ceramic Gap Capacitor

-, Quantic Eulex has
S just released a
\ groundbreaking
3-terminal ceramic
gap capacitor engi-
neered for superior high frequency and
ultra-stable performance. By leveraging
a unique ultra-thin, single-layer design,
it minimizes equivalent series induc-
tance (ESL) while eliminating the need
for wire bonding, unlike traditional sin-
gle-layer capacitors (SLCs). This inno-
vative design combines the high fre-
quency performance of SLCs with the
exceptionally low mounting inductance
of 3-terminal configurations, resulting in
superior effectiveness for power supply
bypassing, filtering and noise suppres-
sion. The surface-mountable package
ensures ease of integration into your
circuit designs.
www.quanticeulex.com

Ultra-Low Insertion Loss Isolators

Quantic M-Wave
has 30+ years of
passive ferrite

product design ex-
perience in low loss
applications. Its
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proprietary processes provide extreme-
ly high efficiency in its waveguide and
coaxial isolator and circulators. The
highlighted model #421J127S provides
0.08 dB typical insertion loss and a 0.12
dB maximum over the customer-speci-
fied bandwidth in WR42. With M-Wave
now part of the Quantic team, we are
even better positioned to support your
needs for high performance compo-
nents.

www.mwavedesign.com

Embedded Resistive Material

" Quantic  Ohmega
T Ticer's embedded

* | || resistive material
! J replaces solder

¢ /. | Joints and discrete
resistors In power

dividers like Wilkin-
son, enabling easier integration and su-
perior high frequency performance due
to reduced parasitics and shorter signal
paths. This boosts reliability by eliminat-
ing solder joints and allows for smaller,
more efficient designs with improved
signal integrity.
www.quanticohmega.com

Broadband High Power Amplifiers

YVENDORVIEW
Mission-ready
Ty broadband  high
W Ll power  amplifiers
B (SSPAs)from Quan-

tic PMI offer high
gain and low noise
figure performance
for pulsed airborne, naval and ground
radar applications, as well as found in
weather forecasting Doppler radar sys-
tems and utilized in air traffic control
and precision approach radar systems.
These PAs offer remarkably high gain up
to +53 dB and saturated output power
above 40 dBm (10 W). Available in cus-
tom or standard configurations.
www.quanticpmi.com

S
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Multiplied Crystal Oscillators

Y/VENDORVIEW
Quantic  Wenzel's
= & Multiplied ~ Crystal
_e-m Oscillators (MXOs)

combine ultra-low
noise OCXO0s with low noise multiplier
stages and are customizable between
200 MHz and 12 GHz. The series offers
phase-locking options to external refer-
ences like rubidium, cesium, GPS or
0CX0s. The Golden Multiplied Crystal
Oscillator (GMXO0) Series delivers en-
hanced phase noise performance by up
to 10 dB compared to the MXO series.
Contact Quantic Wenzel today to learn
how their MX0 and GMXQO solutions can
enhance your RF system'’s performance.
www.quanticwenzel.com

Layout Tool

Quantic  X-Micro-
wave's layout tool is
an interactive de-
sign  environment
enabling part selec-
tion and layout of
signal chains using
X-MWhlocks. This
tool aims to simplify the design process,
whether for prototype plates or stan-
dard connectorized housing, by provid-
ing a visual environment for users to
construct their designs, selecting and
placing XMWhlocks from an extensive
component library onto a virtual canvas.
Now with a library of over 6000 compo-
nents, redesigned user interface, auto-
mated wall algorithm and export capa-
bilities to help you get to market faster.
www.quanticxmw.com
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High-Power K-Band SSPA

The QBP-21014750 is a high efficiency K-
1y Band GaN SSPA designed for space and
~_~ airborne applications. Operating from 20.2

L M WL~ . .
L to 21.2 GHz, it delivers 49 dBm saturated
N output with just 5 dBm drive. Engineered
for reliability, it features integrated over-temperature protection
and optimized thermal management. Custom built-in its state-of-
the-art facility, it ensures superior RF performance. Visit
IMS2025 booth 1735, or contact sales@quinstar.com for details.

www.quinstar.com

Filters, Multiplexers & Multifunction Assemblies
\WJVENDORVIEW

1 Reactel will feature its full line of filters,
: multiplexers and multifunction assemblies
- m¥E covering up to 67 GHz at IMGSZ_OZS. quport-
} '—B = ing military, commercial, 5 ,_mdustngl and
*=E.=  research needs, we can design a unit that
is right for you. From small, lightweight units suitable for flight or
portable systems to high-power units up to 25 kW, connector-
ized or surface-mount, large or small quantities — our talented
engineers can design a unit specifically for your application.
Visit us in booth 632 to discuss your requirements and meet our
engineers.
www.reactel.com

i
Ll

1P2T Coaxial Relay

RelComm Technologies introduces to its
product line a RRDL-4.3-10 Series. A high
performance 1P2T coaxial relay config-
ured with 4.3-10 type connectors provid-
ing excellent RF performance and power
ratings up to 6 GHz. Its operating tempera-
ture range is -30°C to +70°C. The relay
measures 3.50 x 1 x 2.13in. This relay is fully RoHS compliant.
This series is available in both failsafe and latching configura-
tions with 12 to 48 Vdc operation available. Standard options
include auxiliary position indicators, suppression diodes, TTL
input, moisture seal and D-Sub header.
www.relcommtech.com
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Analyze Mobility and Performance of Body-Worn Devices
)VENDORVIEW

o Turn to Remcom for challenging on-body
f propagation test and measurement. Cap-
“,g': ture the performance of antennas and in-
- \ teractions with people, vehicles and
structures in the near-field of the antenna with high fidelity
using XFdtd®. Transfer this domain into Wireless InSite® to
further refine the simulation of complex EM interactions with
the body or nearby structures for technologies such as 6G,
GNSS, WLAN, lunar missions and on-body communication
while in motion.
www.remcom.com

Metallized Ceramic Solutions
Y/VENDORVIEW

Whether you require a reliable substrate
to dissipate heat, a custom circuit with
tight tolerances or a high-density, multi-
layer solution with vias, interconnects or
interposers — consider Remtec's metal-
lized ceramic solutions. They offer approaches for high-power
applications including direct bond copper, active metal braze,
or thick film, single-layer boards; multilayer dielectric ceramic
circuits; copper conductor layer thickness from 5to 12 mil, un-
surpassed wire bondability, solderability and conductor adhe-
sion and alumina; aluminum nitride and silicon nitride solu-
tions. To learn more, schedule a high-power capabilities pre-
sentation and ask about onshoring with Remtec.
www.remtec.com

Custom BUC and BDC for Satcom

Renaissance Electronics specializes in

. . high frequency BUC and BDC solutions

i w®= . for satcom. Its converters feature fixed

,_‘»_4-___.5_5 and programm_able L0, with up-convert-

= ers offering an integrated power amplifier

option. A prime example is its Ka-Band

BUC and BDC, designed for high reliability with customized

output power, low noise figures and flexible frequency plans.

Key features include an integrated 25 W PA BUC, fixed fre-

quency plans for simplicity and BDC band switching from 18 to

40 GHz. Optimize your communication systems with Renais-

sance.

Www.rec-usa.com
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RF-Lambda
600 W, 2-6 GHz, EMC Power Amplifier

This wideband EMC power amplifier spans an impressive frequency range of 2to 6 GHz while delivering 600

4 W of CW output power. This advanced solution is built to provide engineers and researchers with a single
broadband solution, offering high power-amplified signals over a wide frequency range without the need to
source several amplifiers. Applications include test and measurement, EMC/EMI, wireless commercial
communications, aerospace and military, as well as research such as particle physics.

300 W, 2-20 GHz, EMC Power Amplifier

This 300 W CW EMC AC-powered amplifier is optimized to cover a broadband frequency of 2 to 20 GHz. This
unit is packed with comprehensive protection features such as built-in temperature compensation, auto-
matic calibration, as well as over current, temperature, VSWR, currentimbalance and RF input protection.
%% The unit also supports Ethernet control and monitoring. Applications include test and measurement, EMC/
EMI, wireless commercial communications, aerospace and military, as well as research such as particle physics.

18-26 GHz, Hermetically Sealed Power Amplifier

Our ultra-wideband power amplifier spans 18 to 26.5 GHz with 51 dBm output power. The DC-powered se-
ries offers a compact package, easily integrated into RF systems or test setups. Any of RF Lambda’s DC
amplifiers can be provided in an AC-powered unit (RAMPXXX series). Hermetic Seal, including 100 percent
leak testing as per MIL-STD-883, is available for outdoor and harsh environments.

RF Lambda’s 1to 18 GHz SP2T high-power 20 W switch combines robust power handling with rapid switch-
ing. Ideal for radar or TDD systems, it boasts low 1.8 dB insertion loss and a maximum 200 ns switching time.
Our comprehensive range of active RF switches — from SP2T to SP160T — supports power handling up to
1 KW, ensuring longevity without cycle limitations. Perfect for sustained, reliable switching in demanding
systems.

www.rflambda.com

RFMW
Butler Matrix Family is Highly Reliable Option for Accurate MIMO Testing
YJVENDORVIEW

Spectrum Control’s Butler Matrix family simplifies Wi-Fi MIMO testing by delivering consistent, high-quality
results with minimal setup time. Unlike traditional methods, which require manual alignment for each fre-
quency range, the Butler Matrix provides a well-conditioned test channel with low condition numbers,
ensuring the highest achievable speeds. Offering excellent phase accuracy, amplitude balance and port-
to-port isolation, it's an ideal solution for Wi-Fi, cellular and RF/microwave MIMO testing. With 4-, 8- and
16-channel units, it covers 0.5 to 7.25 GHz for reliable, efficient testing. Available at RFMW.

High Performance 5-1225 MHz 75 Ohm 12 dB Coupler

The MiniRF MRFCP5753 Coupler is a small, low-cost and highly reliable surface-mount componentideal for
broadband, wireless and communications systems. This 5to 1200 MHz, 12 dB coupler comes in a compact
4x4 mm package, offering a 75 Ohm characteristic impedance and RoHS-compliant, lead-free construction.
Perfect for applications like broadband/CATV and wireless systems, it ensures optimal performance with
ease of integration. S-parameters are available on request for enhanced design flexibility. Available at
RFMW.

60-220 MHz, +50 ppb, Endura™ Series Ultra-precision Super-TCX0

Available now from RFMW, the SiT5349 is a ruggedized +50 ppb precision MEMS Super-TCX0 designed for
high-reliability applications in defense, space, avionics and precision GNSS systems. With superior shock
survivability (> 30,000 g), 0.009 ppb/g acceleration sensitivity and excellent dynamic performance, it en-
sures optimal stability in extreme environments. Featuring programmable frequency optlons and digital
control via 12C, the SiT5349 offers unmatched flexibility and performance, making it ideal for mission-critical timing in challeng-
ing conditions. Engineered for precision, durability and efficiency.

www.rfmw.com
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Design Accelerators

YVENDORVIEW

Start developing ra-
= = dio projects in min-
_~ utes instead of
months. Design ac-
celerators are standardized, off-the-
shelf, hardware development platforms
that help RF and radio product develop-
ers reduce risk and speed time to market.
Each design accelerator includes full
documentation, open source or licens-
able software and technical support. De-
sign files of select design accelerators
may also be available via license. Radio-
Thorium and RadioOxygen design accel-
erators were developed by Richardson
RFPD to support high-power software-
defined radio, troposcatter, satcom and
5G mmWave communications.
www.richardsonrfpd.com

Design Accelerators

< RichartionRFPD
=~

High Frequency Highpass Filters

L RLC Electronics’
St b high frequency
highpass filters are
provided with coaxial interfaces but in-
ternally are designed/machined as a
ridged waveguide filter, which allows for
extremely sharp rejection, low loss and
fantastic repeatability. The filter shown
passes 28 to 40 GHz, while rejecting over
70 dB less than 700 MHz from the pass-
band edge (it is the equivalent of a
22-section interdigital filter response), all
while handling over 100 W input power.
www.rlcelectronics.com

Network Analyzers

The analyzers of the R&S®ZNB3000
family combine fast measurement
speed, wide dynamic range and high
temperature stability with excellent raw
data to deliver performance and mea-
surement throughput that meets even
the greatest chal-
lenge in high vol-
ume production ap-
plications and envi-
ronments with short ramp-up times. The
R&S®ZNB3000 is especially well suited
for development and large-scale pro-
duction of RF components and has a fre-
quency range from 9 kHz to 4.5 GHz, 9
GHz, 20 GHz and 26.5 GHz.
www.rohde-schwarz.com/us
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The Ground Active
Hydrogen  Maser
(GAHM) is Safran’s
advanced atomic
clock, offering ex-
ceptional frequency
stability for applica-
tions like deep
space tracking, ge-
odesy and radio as-
tronomy. With a frequency stability of
less than 1.5E-13 at 1 second and under
2.5E-15 at 1 day and phase noise below
-130 dBc/Hz at 1Hz, the GAHM ensures
precise and reliable timekeeping. De-
signed for a maintenance-free opera-
tion over a 20-year lifespan, it supports
critical infrastructures requiring unpar-
alleled accuracy.
www.safran-group.com

S SAFRAN

Phase & Insertion Loss Stable Cable
Assemblies

Samtec’s Nitrowave™ high perfor-
mance microwave cable offers im-
proved phase and amplitude stability
over flexure. Perfor-
mance is optimized
at frequencies that
go beyond tradition-
al industry targets
to support emerging
applications in the aerospace/defense,
test and measurement and instrumenta-
tion markets.

www.samtec.com

Precision Field Replaceable
Connectors

Santron introduces
their new genera-
tion of high perfor-
mance field re-
placeable connec-
tors. Offered in
connector  series
SMA, 2.92 mm, 2.4 mm and 1.85 mm and
designed to be optimally matched to
most connectorized assemblies for low
VSWR, rugged dependability and ex-
ceptional repeatability. Available in both
female or male with multiple size mount-
ing options in 2-hole or 4-hole flange

0
IMS
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configurations. Santron also offers a
wide variety of launch accessories, in-
cluding glass-to-metal feedthroughs,
launch pins and PTFE insulators.
www.santron.com

RF Source

The SC5531A is an

- .;" Y RF source covering

P = the frequency
el ) range of 100 kHz to
23 GHz with fast fre-

quency switching, millihertz tuning reso-
lution and low phase noise. It accepts 10
MHz, 100 MHz and 1.6 GHz reference
signals and outputs its internal 1.6 GHz
reference signal that could be used to
synchronize multiple SC5531A devices,
greatly improving their relative phase
stability. The product features fine am-
plitude adjustment in the range of -40 to
15dBm.

www.signalcore.com

Vector Network Analyzer (VNA)

The VNA400, Signal
Hound’s new 40
GHz, two-port, USB-
powered VNA,
samples incident and reflected signals
on both ports simultaneously. With ex-
cellent dynamic range (up to 125 dB),
sub-Hz resolution, + 1 ppm internal
TCX0 accuracy and fast sweeps (2000
points per second at 30 kHz RBW), the
VNA400 is optimized for testing two-port
devices, such as filters, amplifiers and
attenuators, as well as one-port devices
like antennas or VSWR testing in the lab
or out in the field.
www.signalhound.com

The Ultimate RF Connector for Mil/
Aero Applications

> Smiths  Intercon-
%y nect (SINT) draws
on decades of mil/

‘5/ aero experience to

offer SMPM Mini-

Lock connectors. Patented technology
provides the ultimate reliability and ex-

cellent RF performance in harsh envi-
ronments. More than 50 lbs. of pull
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strength is assured with an audible click while delivering low
insertion and return loss up to 110 GHz. In addition, the con-
nectors are small, compact and blindmatable for easy integra-
tion. SINT's RF cable assemblies are trusted by industry lead-
ers around the world.

www.smithsinterconnect.com

Thread-In Connector

Visit us at IMS booth 859 to discover our
groundbreaking 0.8 mm (145 GHz) high
o performance thread-in connector. This
\ cutting-edge design ensures exceptional
g signal integrity while delivering the indus-
@ \ ﬁ) try's lowest VSWR, RF leakage and inser-
tion loss. Also presenting our 0.8 mm verti-
cal launch connector for microstrip and CPW, currently in the
prototyping phase. The outlook is bright. Southwest Micro-
wave remains committed to surpassing previous milestones,
cementing our reputation as the performance leader in micro-
wave connectors.
www.southwestmicrowave.com

A

FEATURED

S AN

The information you need, from industry experts

2\ ALTAIR

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™
How to Maintain Maximum Dynamic Range in
Wideband High [P2 Receivers

@TABOR ELECTRONICS

Check out these new online Technical Papers
featured at MWJournal.com
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Microwave Power Module M1245

Stellant leads in delivering high-power
solid-state and TWT-based MPM RF mod-
ules. Utilizing proven RF GaN amplifier
designs and TWT MPMs, our compact,
efficient solutions offer RF power density
across 20 MHz to 40 GHz. Perfect for communication, elec-
tronic warfare and radar systems with space, cooling and
power constraints, these advanced designs excel across
ground (mobile and fixed), surface and airborne platforms,
setting the standard for RF performance and amplifier innova-
tion.

www.stellantsystems.com

Coaxial Switches

Teledyne Relays’ broadband SPnT coaxial switches offer re-
peatable and stable broadband performance up to 53
GHz. The CCR-38U is a normally open
multi-throw switch, while the CCR-39U is
a latching switch. Both models withstand
harsh environments up to 65°C for com-
mercial and 85°C for elite models. Appli-
cations include switching mmWave sig-
nals for 5G, routing RF signals to antennas
and amplifiers for jammers and setting up test environments
for RF components like beamformers.
www.teledynedefenseelectronics.com

Mounted Rotary Step Attenuators

<l These Telonic Berkeley step attenuators
" are available in nine different models with
attenuation ranges from 1 to 100 dB, in
steps of 1 to 10 dB. There are two basic
case designs, both 1.31 in. diameter with lengths of 1.50 in.
(subminiature) and 2.29 in. (miniature). This mechanical con-
figuration reduces panel mounting space to a minimum and
also permits incorporation of these attenuators into many ex-
isting designs.
www.telonicberkeley.com

Materials and Components

Trans-Tech manufactures dielectric and

- ferrite materials and components, thermal

qg\%\?& b_arrier coa_ting materials_, RF bandpas_s

o filters, RF circulators and isolators, medi-

cal materials, patch antennas, phased ar-

ray radar elements, RF absorber and numerous other custom

solutions for RF, microwave, thermal and high-power, temper-
ature-stable and low dielectric loss uses.

www.trans-techinc.com
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Transline Technology
High Performance PCB Laminates

With 30+ years’ expertise, Transline
Technology specializes in  working
closely with engineering innovators that
push RF, microwave and mmWave PCB
boundaries. Our
hands-on approach
makes us an exten-
sion of your engi-
neering team. We
stock a wide variety
of high perfor-
mance PCB laminates enabling rapid
prototype delivery.
www.translinetech.com

Trexon EZ Form Cable
Cables and Connectors

Il EZ FORM CABLE

AS9100 CERTIFIED

EZ Form Cable, a Trexon Company, is an
AS9100D-certified manufacturer of co-
axial cable, coaxial cable assemblies,
RF connectors and coaxial delay lines.
EZ Form’s RF, microwave and mmWave
transmission line solutions offer proven
performance for critical applications in
mil/aero, cryo/quantum computing, tele-
communications, medical, instrumenta-
tion and test.

www.ezform.com

Pick Up Your
T-Shirt
in the MW] Booth 935
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WAVEPIA
Power Amplifier

Designed for the battlefields, networks
and skies of the future, WAVEPIA's WP-
GM0204250M delivers uncompromising
performance in the most demanding
environments. From secure
T military  communi-
. . cations to multi-
t functional radar, it
e provides the reli-
ability mission-criti-
cal systems require. Optimized for 2.6 to
3.8 GHz operation, the WPGM0204250M
delivers 54.7 dBm saturated output pow-
er with 48.9 percent PAE at 48 to 50 V,
ensuring high efficiency and robust per-
formance. At WAVEPIA, reliability isn't
just a specification — it's our commit-
ment.
www.wavepia.com

Weinschel Associates
High-Power Attenuators and Loads

Weinschel Associ-
ates offers an im-
proved line of high-
power attenuators
and loads to com-
plement their cur-
rent  high-power
line-up. The WA70/6 and WA1470/6 are a
1 KW attenuator and termination per-
forming from DC to 6 GHz and are avail-
able with a variety of connector options,
including N-Type, 4.3/10 and 7/16 DIN.
Please visit us at IMS booth #630 or con-
tact us at sales@weinschelassociates.
com for more information.
www.weinschelassociates.com

N

MICRO-ADS

ES MICROWAVE LLC.

- e
Since 1985 we have offered our custom
design filters and sub. blies in
combline, interdigital and
suspended-substrate technologies.

Broadband

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

-y

)

DC-40 GHz Filters
Multiplexers &
Switch Filter Banks

ES Microwave, LLC

8031 Cessna Avenue, Gaithersburg, MD 20879
P:301-519-9407 F: 301-519-9418
Wwww.esmicrowave.com

REVOLUTIONARY
HERMETIC SMP CONNECTORS

These SMPs meet the requirements of
MIL-STD-348, but utilize unique housing
interface features, which significantly i

rel embly
Proprietary tect 5 are used to independently
control plating thickness on pin and housing.

For use with Aluminum, Kovar
and other package materials

SPECIAL HERMETIC PRODUCTS, INC.
PO BOX 269 — WILTON —NH — 03086
(603) 6 — Fax (603) 654-2533

E-mail: sales@shp-seals.com

Web: www.shp-seals.com

RF Ampilifiers, 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
& 4 waveguide terminations
» High power coaxial
attenuators

» PIN diode power limiters
» Active up and down
converters

q Mi Corporati
138 W Pomona Ave, Monrovia, CA 91016
Phone: (626) 305-6666, Fax: (626) 602-3101
Email: sales@wenteq.com, Website: www.wenteq.com
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Werlatone's model
D9706 is a 16-way
radial, in-phase
connectorized com-
biner that covers
the 2700 to 3500
MHz band. This is a
high-power model rated to 2000 W CW
and operates with less than 0.35 dB of
insertion loss. The D9706 operates as a
non-isolated combiner. Choose your
specific connector configuration from a
list of options. Visit our website to see
more radial combining options or reach
out to our experts with custom N-Way
requirements. Above all, Werlatone RF
combiners handle the most stringent op-
erating conditions.
www.werlatone.com

PRODUCT
SHOWCASE

The 7KF bonder
with our new 7 in.
capacitive  touch
sensing LCD display
is designed with a
gantry style chassis enabling unlimited
part size capacity. Our exclusive 8:1 ra-
tio, purely orthogonal X-Y-Z Microma-
nipulator allows the operator to place
bonds very precisely and is convertible
between Ball Bonding and Wedge
Bonding, presenting bond wire at both
45 and 90 degrees for deep access and
ribbon bonding capabilities. It is an ex-
cellent tool for RF, microwave, semicon-
ductor, hybrid and medical device field
applications.
www.westbond.com

IMS Show t((':overage \

Be Sure to Check

The new SFSLX
product line is a
novel phase-locked
product  platform
providing RF and
microwave  engi-
neers with an ac-
celerated product development. This
first of its kind program allows a quick
and easy way for the engineers to con-
figure a phase-locked oscillator to their
frequency specifications. Through an
easy online ordering system, the engi-
neer selects any output frequency from
50 MHz through 22.5 GHz, in resolution of
0.1 Hz and specifies their reference fre-
quency input from 5 to 200 MHz.
Www.zcomm.com

out mwjournal.com/IMS2025 for all products at
( this year’s IM52025\ in San Franciscq, CA
) 4
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Designing with Juliano and Katerina Keysight Signal Generator
elLearning Series: Demo Day
PCB Antenna Design
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Enhancing Modeling of Microwave Single Insertion Testing of Asym-
and Millimeter-Wave Devices with metric TX/RX SerDes Interfaces with
Uncertainty Quantification High-Density Loopback Relays

‘i REFMW.,
B COMSOL =
U menlomicro

www.microwavejournal.com/events/2311
www.microwavejournal.com/events/2314

Metamaterlals ,QTA Panel

mﬁi!mm#%ﬂ-t. a; dmﬂm’ﬂ

Advancements Cable and Connector
in Phased Array Guide to Accurate and
I@Ehﬁljﬂogles Reliable Measurements

ststststststst

Books




Introduction to LabVIEW FPGA for RF, Radar and Electronic Warfare Applications
By: Terry Stratoudakis

erry Stratoudakis’ “Introduction
I to LabVIEW FPGA for RF, Radar
and Electronic Warfare Applica-
tions” is a solid, practical guide that
connects rapidly advancing field-pro-
grammable gate array (FPGA) technol-
ogy and applications in RF, radar and
electronic warfare (EW). What stands
out most is how the book simplifies a
highly technical subject, making it ap-
proachable for professionals with back-
grounds in both FPGA development
and RF engineering. The blend of theo-
ry and hands-on practical advice makes
it a must-read for those working in these
specialized areas.
The book focuses on LabVIEW FPGA,
a powerful tool that can be complex to
learn, especially when applied to sys-
tems such as radar and EW. Stratoudakis
provides a clear and structured path for

Relativistic Field Theory
for Microwave Engineers

MATTHEW A, MORGAN

Relativistic Field Theory
for Microwave Engineers

Author: Matthew A. Morgan
ISBN 13: 978-1-68569-067-0
ePub: 978-1-68569-068-7
Publication Date: June 2024

Subject Area: Microwave and RF
Engineering

Binding/pp: Hardcover/352pp
Price: $124/ £94
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learning LabVIEW FPGA, starting with
foundations in Chapter 2. This chapter
is particularly useful because it provides
a step-by-step learning process that
guides readers, regardless of their prior
experience.

Chapter 3 does an excellent job of
covering FPGA fundamentals. For en-
gineers already familiar with FPGAs but
looking to improve their understanding
in the context of RF and radar applica-
tions, this chapter points to resources
for deeper exploration. The explanation
of how FPGAs are used in large-scale
applications adds real-world context,
highlighting the practical relevance of
the technology.

Chapters 4 and 5 are where the book
truly shines. Chapter 4 dives into Lab-
VIEW FPGA itself, providing practical
examples and case studies. The case

studies in Chapter 5, which cover various
RF and radar systems, are especially en-
gaging. They not only demonstrate how
LabVIEW FPGA can be applied but also
provide insights into the design consid-
erations and challenges faced in devel-
oping high performance systems for de-
fense and communication applications.

In summary, this book is ideal for engi-
neers working in RF, radar and EW who
are looking to deepen their knowledge
of FPGA development using LabVIEW.
Its practical approach, combined with a
clear educational path, makes it acces-
sible while still offering valuable insights
for advanced users.

ISBN: 9781630817930
Pages: 270

To order this book, contact:
Artech House (2020)
us.artechhouse.com

Relativistic Field Theory for Microwave Engineers unique
perspective on the intersection of Maxwell's equations and
special relativity, bridging the gap between theoretical physics
and practical engineering. The book highlights the evolution of

electromagnetic theory.

D Presents a relativistic approach to electromagnetic laws, giving
engineers a powerful toolkit to analyze complex phenomena at
high speeds and dynamic interfaces.

» Gain insight into the nature of electromagnetic fields and their
behavior in four-dimensional space.

P Exposes the underlying contradictions brought about by the
emergence of electromagnetic theory.

» Explains how Einstein redefined the concepts of space and
time and what it means to measure them, while still disbanding
the notion of global simultaneity.

This resource helps readers develop an intuitive understanding
of four-dimensional spacetime and its implications for
electromagnetic fields, making it a valuable resource for
engineers seeking new perspectives and solutions to complex
problems in microwave engineering.

To learn more, please visit:
https://us.artechhouse.com/
https://uk.artechhouse.com/

ARTECH HOUSE

BOSTON|LONDON
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EDI CON Online brings much needed technical training and information directly to engineers’
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Live attendees can participate in Q&A sessions &
earn IEEE CEU’s
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INTEGRATED FREQUENCY COUNTER & POWER METER
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( MODEL FCPM-6000RC SRR ﬁ

16000 MHz
-30 dBm ... +20 dBm

P @ :
LAN Status * Powes Indicator

‘B
3
3

9 kHz TO 40 GHz

Power Sensors

Turn Your PC into a High-Performance
Power Meter

LEARN MORE

Dynamic range options spanning -60 to +20 dBm

E4:3E

Sample rates up to 80 million samples per second m

50 and 75Q models D

Software package supports automated measurement
with statistical analysis and time domain plots

CW, true RMS, peak and average measurement capability

No external calibration required

4 Mini-Circuits
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Connect with a diverse and influential audience.
Highlight cutting-edge equipment, systems, and technologies.
Engage and recruit the next generation of engineers and researchers.

Become a Platinum, Gold, Silver, or Bronze Sponsor to maximize your
visibility and impact.

Booth selection is first-come, first-served—secure your premium location today!




) IZZ% 7\ e : ”:
,,m, I

Massachusetts Bay Technologies: Motivated by Performance; Focused on Reliability

I he term “Massachusetts Bay” comes from what
became known as the Massachusetts Bay Colony.
LI The Massachusetts Bay Company, an English trad-
ing company, was tasked with colonizing and establishing
trade in the area outside Boston. This effort began nearly
150 years before the American Revolutionary War, so the
term has deep roots in the Massachusetts area and sym-
bolizes the region's perseverance, efforts and growth.

Massachusetts Bay Technologies (MBT), located in
Stoughton, Mass., embodies those qualities. The pri-
vately held company was founded in 1999 by the Fallon
brothers, Brian and Charlie. Having just celebrated MBT's
26th anniversary, Brian holds the role of president, and
Charlie serves as vice president of the company. Over the
past 26 years, MBT has evolved into one of the leading
manufacturers of RF and microwave semiconductors and
passive components.

The evolution and growth of MBT have created several
decision points for the company. Befitting a start-up
company, MBT adopted a fabless manufacturing model
fromits inception in 1999. However, in 2008, the com-
pany recognized that the fabless model was not a reliable
growth strategy. The best solution to enable the Fallon
brothers’ growth vision for MBT was to build a wafer
fab facility. Despite this being a herculean task, MBT's
20,000+ q. ft. state-of-the-art wafer processing fab
was up and running in 2010, less than two years after
the decision was made. The company maintains a value-
added assembly capability, where it performs assembly,
die attach, wire and ribbon bonding and packaging of vari-
ous devices. They also provide reliability testing of devices
up to and including space-level reliability. These capabili-
ties, combined with the wafer processing fab, enable MBT
to provide all fabrication, manufacturing and reliability
testing under one roof.

210

The company boasts an impressive set of capabilities,
including diffusion, LPCVD and oxidation furnaces. Fabrica-
tion starts with metalization, photolithography and etch-
ing capabilities. Once fabricated, MBT can plate, dice, laser
trim, test and inspect its products. These standard and
custom products, along with build-to-print efforts, can be
tested to 40 GHz and environmentally screened in MBT's
in-house facilities. All these activities take place in the
company’s IS0 9001:201 5-certified and ITAR-compliant
manufacturing facility.

As the company has grown, it has expanded its prod-
uct portfolio both organically and through acquisitions. In
2016, MBT acquired MACOM Technology Solutions’ point-
contact diode product line. These diode products support
both commercial and mission-critical defense applications
and devices. In January 20719, the company launched a
thin film product line, producing both standard and custom
products. Later that year, in October 2019, MBT began
production of single-layer ceramic (SLC) capacitors. The
addition of thin film and SLC capabilities complements
and expands MBT'’s existing semiconductor and passive
product portfolio.

After 26 years of effort, perseverance and growth, MBT
has evolved into a company specializing in the design and
manufacture of current, obsolete and discrete silicon and
GaAs RF and microwave semiconductor diodes, as well as
passive components and thin film products. These prod-
ucts range from 100 Hz up into the mmWave frequency
range. The MBT products are used in consumer, telecom-
munications, medical, industrial, space, aerospace and
defense applications. The company prides itself on being
a customer-service-oriented organization motivated by
performance and focused on reliability.

https://massbaytech.com/

MWJOURNAL.COM m MAY 2025



{;Z}/'//////SPECTR/\N V6

BEYOND REALTIME

Setting the Mobile Benchmark

—  The ULTIMATE Real-Time Spectrum Analyzer Tablet
8/18 |55 |140 GHz 2x490 MHz RTBW

-

HIGH-END SPECTRUM ANALYZER: RUGGED PREMIUM PC POWER:

= 9 kHz up to 140 GHz = |Q Recording & Playpack ® 15.6" 15600nit FullHD Touchscreen  ® SIM slot, opt. WiFi, Bluetooth, 5G

= Optional Tx (Generator) = 8h Continuous Runtime = AMD 8-Core 8845HS CPU B SFP+10G Ethernet, SATA, RS232

m 2x 490 MHz Bandwidth = Temp. Range -40° to +60° B 64 GB LPDDR5 RAM B Rugged Aluminum Casing

= 3 THz/s Sweep Speed = GPS & Time Server = Up to 64 TB Highspeed SSD B Hot-Swap Batteries

= 16-Bit ADC ® Opt. Handle & Stand B 2x M.22280 & 3x M.2 2242 B Front & Rear Cameras, Smart Pen

= -170dBm/Hz | 4dB NF = |ncl. RTSA-Software ® Many I/Os incl. USB4, SD & HDMI  ® Windows or Linux

o* * * 2 ©
== www.aaroniausa.com 25 www.aaronia.com
MADE IN GERMANY ubuy@aaroniausa.com mail@aaronia.de ON IA AG
WWW.AARONIA.COM
+1 (214) 935-9800 +49 6556 900 310 0 co

****




@ERLA TONE

———
-

' 1\ N \
™ Lr AS
' ‘ = = | | |

-~ Dt e

——

SPOREVERY MILITARY PLATFORM

COMMUNICATIONS | EW | RADAR
DC T0 X-BAND

INTEGRATED SUB-ASSEMBLIES BEAMFORMERS WAVEGUIDE SOLUTIONS E-PLANE COMBINERS

FIXED | AIRBORNE | GROUND MOBILE | SHIPBOARD

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

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

BRING US YOUR CHALLENGE | WWW.WERLATONE.COM LEAURE

@ERM TONE




TechnicalFeature

S

'?PPRO\]‘&

Compact IPD Bandpass Filter
Uses Transformer for High
Rejection and Low Loss

Yanzhu Qj, Yazi Cao, Qixiang Ren, Bo Yuan, Shichang Chen and Gaofeng Wang
MOE Engineering Research Center of Smart Microsensors and Microsystems, School of Electronics and
Information, Hangzhou Dianzi University, Hangzhou, China

his article discusses the

design of a compact in-

tegrated passive device

(IPD) bandpass filter (BPF)
with high out-of-band rejection that
features a transformer-based circuit
topology to achieve low insertion
loss. High out-of-band suppression
in the Wi-Fi 5 (5.15 to 5.875 GHz)
and Wi-Fi 6 (5.925 to 7.125 GH?2)
bands is achieved by serially add-
ing a seventh-order lowpass filter to
the transformer circuit. A prototype
is fabricated using silicon-based IPD
technology. The measured band-
width is 2.4 to 2.5 GHz, insertion loss
is less than 1.75 dB and out-of-band
suppression is greater than 27.7 dB
and 35 dB in the Wi-Fi 5 and Wi-Fi 6
frequency bands, respectively. The
fabricated BPF area is only 1 mm x
0.5 mm.

Requirements for RF front-ends
in highly integrated and high per-
formance communication systems
are becoming more stringent.’
Compact, low insertion loss and
high out-of-band suppression fil-

MW]JOURNAL.COM m MAY 2025

ters play significant roles in RF sys-
tems. Compared to filters based on
low-temperature co-fired ceramic
(LTCC)2 and printed circuit board
(PCB)3 processes, IPD filters offer
advantages in terms of size, preci-
sion and profile.# Consequently,
new types of filters and synthesis
methods for high performance
and miniaturized IPD filters have
emerged in recent years.>10

In this work, a miniaturized sili-
con-based IPD BPF with low inser-
tion loss and high out-of-band re-
jection is described. A transformer
design with inductive loading is an-
alyzed to reduce insertion loss. High
out-of-band rejection is achieved by
serially adding a lowpass filter.

Transformer with Inductive Loading

Figure 1 is a typical equivalent
circuit for a transformer design
with inductive loading. An induc-
tor, Ligaqg, is connected in parallel to
both ends of the transformer. The

equivalent circuit includes ground
capacitance, C,;, coupling induc-
tance, L;, coupling capacitance,
Ct and mutual inductance, M. The
element values of the transformer
circuit can be calculated with Equa-
tions 1 through 6:8

Licad
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‘ |
| y |
i ¥ N I
| o o :
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| |
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i Transformer }

Inductively-loaded transformer
equivalent circuit.

213



TechnicalFeature

_sind
C1 = OOZe (1)
L=
0
Zetan<2>+ 1-cosf 2
2w 202 (C1 + 2C))
_ (Ze-Zo)sind
Cr="%07.20 (3)
%)
Zetan<7> __1-cosd @)
2w 20%(C1+2C;)
_ Ze-Zo
k=237, ()
Z = Ze-Zo 6)

Based on Equations 1 through
6, for 6 = w/2 at fy = 2.45 GHz, k
= 0.7 and Z = 50 Q, the compo-
nent values of the transformer can
be calculated as: C; = C = 1 pF, L,
=5 nH and M = 2 nH. Therefore,
the S-parameter response can be
computed with the results shown
in Figure 2, which shows that the
transformer has a bandpass filtering
characteristic. Since the two coils in
the transformer design are nested
together, it is difficult to adjust the
inductance and coupling indepen-
dently. To overcome this issue, an
inductor is connected in parallel
at both ends of the transformer to

separately control

Resonator 1

Resonator 2 Resonator 3

the coupling be-
tween the trans-
former coils with-
out affecting other
parameters. When

the inductance is
added, the pass-

band of the trans-
former shifts higher
in frequency.

To study the ef-
fect of Ly ,q, simu-

lation results with 0
various values are \
shown in Figure 10
2. When L4 de- sl \
creases, the band- - \
width of the trans- o
former increases. | & \
Moreover,  com- | 2 _40
pared to the case | & \
without  inductive -50 A—F——
loading, insertion ’,_JL\/ \ /
loss with inductive = 711 ) f__\ \ /
loading improves. 70 B il ‘ /)TZZ A N
BPF Design V
To improve _801 é é 4‘1 é 2, ‘7 8
out-band suppres- - Frequency (GHz)

sion at the high

frequency end, a
seventh-order el-
liptic function low-
pass filter is imple-
mented. The filter circuit topology
is shown in Figure 3a and the simu-
lated S-parameters are shown in
Figure 3b. The cutoff frequency is
3 GHz and the component values
calculated using the filter synthesis
method® are: L3 = L,

=222nH, Ly =3.3

Seventh-order elliptic function lowpass filter circuit
topology (a) and simulated S-parameters (b).

cuit provides three transmission ze-
ros, denoted as TZ1, TZ2 and TZ3,
which are controlled by Resonators
2, 1 and 3, respectively.

The final circuit comprises the in-
ductively loading transformer con-
nected in series with the lowpass
filter circuit and the resulting topol-

0 ogy is shown in Figure 4. To achieve
nH, C3 = Cg = 0.64  better impedance matching, Co is
pF C4 = 0.86 pF,  removed. The values of the remain-
Cs = 0.17 pF, C, = ing BPF circuit components are fur-
1.27 pF, C; = 1.46  ther optimized and the final values

" pF and Co = 0.96  for operation at 2.45 GHz are listed
& / 295 20 25 30 35 a0 pF. The filtering cir- in Table 1.
T Frequency (GHz)
0 Licad Ls L Ls
_10 Without Lioad C”T ﬁ
il
L\oad =1.0nH
Lioad = 1.5 nH M
. e C3 Cy Cs
_15 1 1 1 1 L 1 1 1 1 1 1 1 C1 T :—CZ T C6 T C7
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Frequency (GHz) | L L 1
Calculated |S,4| of the inductively loaded — -
transformer. BPF circuit topology.
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TABLE 1

168 | 3.6 | 0.66 | 048 | 0.54 [ 0.69

BPF COMPONENT VALUES

TABLE 2

COMPARISON WITH OTHER RECENT WORK

High Resistivity Silicon Substrate

Insertion 5
7 Reference (G ’f,z) '(-3; PE (kozs),i?l 04 Process

4 3 31 20 [1.55%x0.92| GaAs
(nH) 6 3.35 2.05 56.7 [ 1.68x0.67 | GaAs
7 3.05 1.9 23 8.8x6.9 LTCC
8 4 212 111 32x0.8 GaAs
9 2.83 1.2 143 27 x0.9 GaAs
10 4.2 3.2 29 2.7 x1.77 GIPD
This work 2.45 1.75 739 [0.87 x0.43 | HRS

*FBW: Fractional 3 dB Bandwidth

**No: Wavelength in air at f,

FABRICATION
AND
MEASUREMENT

The IPD BPF

H AT ETN Sio2

SiN M Cu

shown in Figure

5 is fabricated on

A Fig. 5 HRS substrate stack-up.

high-resistivity sili-

con (HRS) using a
thin-film  process.
The substrate thick-
ness is 200 pm after
wafer thinning, with
a relative dielec-
tric constant, g, of
11.9 and a loss tan-
gent of 0.003. The
IPD technology in-
cludes three thick
metal (Cu) layers,

M1, M2 and M3,

0
—~ -10
om
)
)
§ -20 V \\
£
N\
8 =30 [15 | simulated
n“_’ |S21] Simulated
- |S22| Simulated
< -40 \SZZ\ Measured \/
|S21| Measured
|S22| Measured
_50 L L L L L
o 1 2 3 4 5 6 7
Frequency (GHz)

A Fig. 7 Simulated and measured
S-parameters.

Note that an inductor with a
smaller inductance generally occu-
pies a smaller area. Although this
may lead to an increase in trans-
former bandwidth, it can be filtered
out and thus compensated through
the lowpass filtering circuit connect-
ed in series.

MW]JOURNAL.COM m MAY 2025

with thicknesses of
0.55, 3 and 3 pm,
respectively. Each via has a thick-
ness of 3 pm. Figure 6 shows the
fabricated BPF chip with a size of 1
mm x 0.5 mm (8.7 x 103 \y x 4.3 x
10-3 )\0)

Simulated results, using the Ultra-
EM® 3D full-wave EM simulator and
measured S-parameters, are shown
in Figure 7. Good agreement is ob-
served. Specifically, in the operating
frequency band of 2.4 to 2.5 GHz,
insertion loss is lower than 1.75 dB
and return loss is higher than 14 dB.
Its out-of-band rejection is greater
than 30 dB at 1.74x the center fre-
quency. Out-of-band rejection is
greater than 27.7 dB and 35 dB
in the frequency bands of 5.15 to
5.875 GHz (Wi-Fi 5) and 5.925 to
7.125 GHz (Wi-Fi 6), respectively.
There is a minor frequency shift be-

tween the simulated and measured
results attributed to fabricated toler-
ances. A comparison of the results
of this design with the results from
other designs is listed in Table 2.
This filter is more compact and its
insertion loss is lower than the filters
in references 4, 6, 7, 8 and 10. It has
higher selectivity than the filters in
references 8 and 9.

CONCLUSION

A miniaturized silicon-based IPD
BPF design has been fabricated
with low insertion loss and high
out-of-band rejection. Adding an
inductively-loaded transformer has
reduced the insertion loss. The ad-
dition of a lowpass filter in series
with the transformer increases the
rejection in the Wi-Fi 5 and Wi-Fi 6
bands. A prototype measuring only
1T mm x 0.5 mm (0.87 x 102 \y x
0.43 x 102 \) was fabricated using
silicon-based IPD technology. Mea-
surements demonstrate a 2.4 to 2.5
GHz bandwidth with insertion loss
less than 1.75 dB and return loss
greater than 14 dB. It shows poten-
tial, due to its size and performance,
for application in Wi-Fi communica-
tion systems. B
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THE SATELLITE Overview

COMMUN |CAT|ONS The SATCOM industry is experiencing rapid growth, driven by advancements in low Earth orbit (LEO)
satellite technology and the increasing demand for low-latency, high-speed connectivity. With LEO
constellations expected to make up 70% of the commercial satellite market by 2029, this shift presents

(SATCOM) |N DUSTRY significant opportunities for innovation across telecommunications, Internet of Things (loT), defense
and disaster recovery.

|S EXPER I ENC' NG Key enablers of this transformation include active electronically scanned array (AESA) antennas and

beamforming technologies, which enhance performance, agility and reliability. These systems enable

RAP| D GROWTH seamless communication across various orbits, supporting high-speed data transmission and global
coverage. Additionally, the emergence of non-terrestrial networks (NTNs) is extending connectivity to
remote and underserved areas. Enabled by 3GPP Release 17 and upcoming enhancements in Release
18, NTNs support applications such as direct-to-smartphone connectivity, real-time loT communications
and emergency response.

As SATCOM technologies continue to evolve, they will play a critical role in next-generation wireless

networks. Qorvo’s SATCOM portfolio is positioned to meet these demands, offering scalable RF solutions
that enhance connectivity for both terrestrial and space-based applications.

2 gorvo.com




The LEO satellite market is skyrocketing, with projections showing it will soar
from $12.6 billion in 2024 to an impressive $23.2 billion by 2029. This rapid
growth, at a CAGR of 13.0%, reflects surging demand for next-generation
connectivity and the race to revolutionize global communication networks.'

SATCOM Market Drivers

Large investments in new communications satellite constellations are driving the demand for new
technologies at lower price points and more capabilities. In addition to new technologies, the growth
in satellite deployments is driving the need for more power efficient, compact and reliable components

used throughout the signal chain, from RF power amplifiers to low-noise amplifiers to beamforming ICs.

There are a wide range of SATCOM applications across a variety of market segments. Often these
terminals have varying requirements depending on the constellation(s) on which they operate and
the markets in which they address.

The four major markets include consumer, commercial mobility, enterprise and government. Many
requirements overlap in these markets, including performance requirements, size, weight, power draw,
throughput performance, cost and ruggedness. Generally, the consumer market has the least overlap
as their requirements are the most unique, with very limited viability outside their intended market.

The other three markets have more significant overlap in requirements with ruggedness being a key
differentiator from consumer applications. With this typically comes higher prices, ability to sustain
higher power draw and often the demand for higher throughput performance. Although many

requirements overlap, each market has its own unique class set of criteria as shown in Figure 1 on page 4.

"Markets and Markets LEO Satellite Market Report, May 2024.

b )

THE FUTURE HAS

NEVER LOOKED
BRIGHTER FOR
SATELLITE OPERATORS

given the record-setting number

of satellite launches in recent years,
the growing number of satellite-based
applications and the huge capital
investments being made in a host of
planned space ventures.

gorvo.com 3




FOUR MAJOR
MARKETS OF SATCOM
USER TERMINALS:

Consumer: Home internet
users, vehicle and private
maritime users.

Enterprise: Data centers,
mid-to-large businesses and

satellite-to-ground teleports. Figure 1: Primary markets have overlapping requirements for terminals dominated by enterprise,
government and commercial mobility with consumer terminals nearly standing on their own.

Government: Aviation, ground

mobile, maritime and ground The constellation(s) with which the systems operate can also drive required performance capabilities and
transportable. requirements. Orbits can be divided into two categories: traditional geostationary Earth orbit (GEO) and

non-geostationary orbit (NGS0O). NGSOQ includes low Earth orbit (LEQ), medium Earth orbit (MEO) and highly
Commercial Mobility: Agriculture, elliptical orbit (HEO), all of which bring unique terminal performance requirements.

construction, mining, maritime,

. The LEO mega-constellations are projected to provide 100x increase in bandwidth from the legacy
aviation and ground transport.

GEO satellites with reduced latency by 10x, while serving significantly more users.

MEQ satellites also provide lower latency, higher throughputs and service more users than GEO,
but with less global footprint than LEO. HEO satellites are being used to fill the "gaps” in GEO and MEO
systems, providing higher latitude and polar coverage.

MEQ satellites, like GPS, are commonly used for navigation. MEO satellites have their advantages,

but like GEO satellites, they do have high launch and maintenance costs. Both GEO and MEO satellites
serve a purpose, but they come at the cost of latency and data speeds. Figure 2 on page 5 describes
the coverage areas for each of the satellite types.
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GEO: 36,000 km

Altitude

Earth Coverage

Satellites Required

Data Gateways

Antenna Speed

Very low

Small

Thousands

Local numerous

10-minute fast tracking

Regional flexible

1-hour slow tracking

High

Very large

Three

Few fixed

Stationary

Figure 2: LEO, GEO, MEO satellite coverage areas. LEO satellites have ushered in a new era
of global connectivity and data accessibility.

LEO 500-1,200 km

MEO 5,000-20,000 km
GEO 36,000 km

LEO satellites offer distinct advantages over their
geostationary and medium Earth orbit counterparts.

They provide low-latency (30 times more responsive than
GEO) and high-speed internet connectivity to remote and
underserved regions of Earth. LEO satellites require hundreds
to thousands of units to cover the Earth’s surface, enabling

a cross-linked mesh network. This mesh networking not
only improves global coverage but also improves connection
reliability — for example, if one satellite goes offline, another
one can step in to support any signal loss. Currently, most
LEO satellite deployments are driven by private companies
and government agencies. Companies like SpaceX, OneWeb,
Amazon's Project Kuiper and Telesat have invested heavily in
LEO satellite deployment. This has ushered in a new era of
global connectivity and data accessibility.

qorvo.com
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SATCOM
ORBITS DEFINED

* GEO: 35,786 km above Earth.
Application connection:
— Telecommunication, broadcasting,
weather forecasting, remote
sensing, navigation.

* MEO: 5,000-20,000 km above
Earth. Application connection:

— Telecommunication, GPS and
other navigation applications.

* LEO: 500-1,500 km above
Earth. Application connection:

— Latency critical applications,
financial transactions, autonomous
vehicles, remote video surgery.

6 qorvo.com

Satellites play a big role in connecting the world. As shown in Figure 3, they do two main things:

talk directly to Earth supporting multiple end user terminals across various industries and backhaul
that data to Earth either directly or through inter-satellite links (ISLs). With more LEO satellites being
launched, communication is getting even faster and covers more area, making it easier to send
information from space to Earth with less delay.

GEO
LEO
= /
N :\\ Commercial =
Cellular\\/ \Aerospace | B !
Backhaul / 1 Mnlnt(ajry !
/ (‘ I and
/ ! | Defense,
/ |
/ |
/
2\
/ ! |
' 1
M =i y 0
Broadcast A Enterprise VSAT ‘d Maritime
Baseband w

Equipment

Figure 3: Satellite networks, including terrestrial ISL. The LEO mega-constellations are projected to provide
100x increase in bandwidth from the legacy GEO satellites with reduced latency by 10x, while serving
significantly more users.



Looking at the top 4 LEO constellations in consideration today, Amazon (Project Kuiper), Eutelsat OneWeb, Starlink and Telesat, together, they plan for a
combined total of over 30,000 satellites when the constellations are fully deployed. The aggregate data capacity of these constellations is staggering,
especially compared to the current capabilities of the GEO satellites. As of March 2025, 8,712 communications satellites were in orbit, an increase of
over 200% since December 2020, dominated by the LEO launches of OneWeb and Starlink.

A comparison of the constellation sizes is shown in Table 1. This massive growth in capacity combined with a growing demand in the government and
commercial mobility markets is leading to a 6-12% CAGR of growth through 2030. In 2021, the market was $3,877 million and is projected to be over
$6,000 million by 20282 This demand and growth mean great opportunities for terminal manufacturers who can develop, manufacture and certify
terminals at a reasonable price.

System

Frequency
Number of Satellites in Orbit
Number of Planned Satellites
Altitude (km)
Latency (ms)
Satellite Life (Years)

Capacity at Full Plan

Target Markets

563

700 by 2030
(~15-20 per year)

35,786

560

3 Tbs

Consumer,
Enterprise,
Mobility, Gov

Table 1: Top 4 LEO Satellite Constellatio

Market Research.com Satellite Communication Terminal

* Jonathan Mc ell nomer at the Har\

Kuiper

3,232

590-630

~30

~30-32 Tbs

Consumer,
Enterprise,
Mobility, Gov

et Forecast to

(LI

~40

=5

~50 Tbs
(~7.5 Gbps/Sat)

Enterprise,
Mobility, Gov

Starlink

Ku

8,050

20,000

540-570

~30

5-7

~75 Ths
(~17 Gbps/Sat)

Consumer,
Enterprise,
Mobility, Gov

Telsat

300

1,015-1,320

~40-50

10-12

~12 Tbs
(~20-50 Gbps/Sat)

Consumer,
Enterprise,
Mobility, Gov




Frequency Spectrums for Satellite Communications

Most satellite deployments are L to Ka-band. However, there are more modern satellites moving toward
higher frequency bands like Q/V and E spectrums, as shown in Table 2. To serve 5G non-terrestrial network
application, 3GPP also allocated NTN bands. Table 3 shows both the current NTN bands in L&S band as
well as the newly proposed bands in the K and Ka band.

SATCOM Downlink Downlink Uplink Uplink

Frequency Frequency Bandwidth Frequency Bandwidth
Band GHz GHz GHz GHz Description

Provides real-time visibility to monitoring the status of equipment

L-Band | 1.535-1.56 0.025 1.635-1.66 0.025 . . . L
for a remote location and machine-to-machine communications

Used for weather radar, surface ship radar and NASA

S-Band 2.5-2.54 0.04 2.65-2.69 0.04 communications, satellite television, mobile broadband services,
radio broadcasting and inflight connectivity
C-Band 3.4-4.2 0.8 5.8-6.725 0.925 Provides voice and data transmissions from ship to shore
X-Band 7.25-7.75 0.5 7.9-8.4 0.5 Used for SATCOM, military SATCOM and radar applications
Ku-Band 10-13 3 1418 4 Used for SATCOM, fixed sgtetl\te §erV|ces and
broadcast satellite services

Ka-Band | 17.7-21.2 33 27.5-31 3.5 Used for SATCOM, military SATCOM, 5G telecommunications
Q/V-Band | 37.5-42.5 5 42.5-51.4 8.9 Used for voice, data and video communications

E-Band 71-76 6 81-86 5 Provides very high throughout satellite communications

Table 2: Allocated frequency spectrum for SATCOM communications

NTN Bands

qorvo.com

Uplink Operating Band
Base Station Receive

NR User Equipment Transmit
Operating

Band FDL_L DL_high

n255 1626 MHz-1660.5 MHz

n256 1980 MHz-2010 MHz

Downlink Operating Band
Base Station Transmit
User Equipment Receive

FDL_low-FDL _high Duplex Mode Region Nicknames
1525 MHz-1559 MHz FDD All MSS L-Band
2170 MHz-2200 MHz FDD All MSS S-Band

Proposed 3GPP NTN FR2-1 for K-Band and KA-Band (VSAT)

Uplink Operating Band
Base Station Receive

NR User Equipment Transmit
Operating
Band FDL. DL_high
n510 17.7 GHz-20.2 GHz
n511 17.7 GHz-20.2 GHz
n512 17.7 GHz-20.2 GHz

Table 3: Current and proposed NTN bands.

Downlink Operating Band
Base Station Transmit
User Equipment Receive

FDL_low-FDL_high Duplex Mode Region Nicknames

27.5 GHz-28.35 GHz FDD All MSS K & Ka-Band
28.35 GHz-30 GHz FDD All MSS K & Ka-Band
27.5 GHz-30 GHz FDD All MSS K & Ka-Band



There's a growing adoption globally of broadband internet services
offered by large LEO satellite constellations. This interest, along with
the integration of satellite networks into the 5G ecosystem, is further
propelling satellite market growth.

Complementing NTNs
(3GPP Release 17)

Moreover, cellular communications are becoming part of the satellite 5G NR - NTN ! 5G loT - NTN
ecosystem. The introduction of 3GPP 5G wireless technology in Release

y
174 has made it possible to adapt 5G systems for NTNs. NTNs aim to ‘ talite ﬁﬂ % 9,9 @
A® Backhaul

expand network coverage worldwide, especially in rural and remote areas, A :
and facilitate direct connections between mobile devices, the loT and A
commercial autonomous vehicles to satellites. This integration enables n

|
I
|
o ‘ -k | 45 i, =
the satellite industry to leverage the 5G ecosystem's economy of scale. :] Fixed Wireless | M Metering
T I
|
1

Tracking Personal
Safety Devices

The 3GPP Release 17 specified both 5G new radio (NR) NTN and 4G loT Mobile

NTN, as described in Figure 4. It focuses on utilizing satellite transparent Computer Mobile
payload architecture and User Equipment (UE) with GNSS capabilities. Broadband
Figure 4 shows the expected use cases for 5G NTN.

Access
Sensors
Point of
Sale Device

Figure 4: NTN 5G NR and loT use cases that complement each other.

Additional 5G NTN uses include:
« Under-covered areas such as agriculture, mining and forestry.
« Disaster communications when land communication networks are damaged.
« Broadcasting information over a very wide area.

“3GPP Release 17 qorvo.com




Advancing Communication: The Role of LEO Satellites in the Wireless Expansion

In the previous section, we explored the many aspects of the satellite
marketplace and began to touch upon the impact it's having on 5G NR
cellular and loT networks. In this section we dig a bit more into this
convergence of satellite mesh with NTNs and how they are changing
the communication landscape of tomorrow.

NTN satellites function as relays to extend wireless coverage and
capacity of terrestrial networks. These networks provide communication
services for emergencies, disasters and other services such as loT
network devices. Moreover, companies are offering agreements to add
satellite connectivity to the latest high-end smartphones. Enabling global
two-way emergency messaging, low-cost internet services to remote
locations, remote texting and other phone-based communications, all
powered by LEO satellite networks.

Moreover, the 3GPP's Release 17 adds new 5G satellite network uses,
covering GEO, MEO and LEO satellite technologies. The 5G NTN NR satellite
network includes two communication links — one between the satellite and
users and the other between the satellite and the ground station connected
to the data network on Earth. It will provide both NTN-loT and 5G NR
communications — linking smartphones and other 5G enabled devices to
the NTN service network.

Advancements in 5G NR NTN and Satellite Technology
As shown in Figure 5 below, GEO satellites, positioned at 35,000 km above
the Earth, have a latency of 280 milliseconds (ms), whereas LEO satellites,
orbiting at altitudes between 500 to 1,200 km, can reduce latency to just

6 to 30 ms. Therefore, the maximum one-way propagation delays from

UE to LEO satellites have a much shorter delay than their MEO and

GEO counterparts.

MEO
5,000-20,000 km
Maximum 1-Way

Propagation Delay = 90 ms

Figure 5: 3GPP-TS 22.261 maximum R
one-way propagation delays from
UE to satellite comparison.

GEO LEO
36,000 km 500-1,200 km
Maximum 1-Way
Propagation Delay = 30 ms

Maximum 1-Way
Propagation Delay = 280 ms
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The 5G NR NTN architecture, incorporating satellite technology, promises global cellular wireless
connectivity. The 3GPP Release 17 focuses on enhancing 5G NTN and loT NTN services worldwide,
it also introduces low latency direct-to-cellular services, improving speeds to tens of Mbps in the
sub-6 GHz band.

Additionally, Release 18 aims to improve coverage and mobility by using frequencies above 10 GHz,
specifically the Ku and Ka bands. This allows speeds of hundreds of Mbps, benefiting smaller AESA
antennas, such as those used by SpaceX's Starlink. These advancements boost speeds, support disaster
recovery efforts and extend coverage to remote areas previously unreachable by traditional networks.

As discussed in the previous section, detailed in table 3, the evolution of 5G NTN under 3GPP standards
involves expanding the spectrum to include the L, S, K and Ka bands, enhancing uplink coverage

and supporting mobility services. Release 18 specifically targets the introduction of three new NTN bands
above 10 GHz (n510,n511 and n512) to further refine the 5G NTN design for improved performance and
broader accessibility.

Another key objective of NTN networks is to enhance the efficiency of the limited radio frequency spectrum,
which often becomes congested. Recent technology studies are finding better ways to manage this
congestion, like using time division duplexing (TDD) for space networks, a change from the usual method that
assigns different paths for sending and receiving signals. The use of TDD bands as shown in Table 4, helps
mobile carriers free up more space on the busy under-6 GHz spectrum. These improvements are pushing
satellite technology forward, making it smarter and more in line with ground-based networks.

Band Details Uplink (GHz) Downlink (GHz) Duplex
n257 26510295 26510295 TDD
n258 24.2510 27.5 24.25t0 27.5 TDD

Existing 3GPP n259 39.5t0435 39.5t0 43.5 TDD

FR2 Bands n260 37 to 40 37 t0 40 TDD
n261 27.5t0 28.35 27.5t028.35 TDD
n262 47.2 to 48.2 47.2 to 48.2 TDD

Table 4: Future TDD NTN bands are pushing satellite technology forward, making it smarter and more in line with

d networks

ground-b

3GPP NTN GOALS:

Release 17: Enhancing 5G NTN
and loT NTN services.

Release 17: Introduce low latency
direct-to-cellular services in the
sub-6 GHz band.

Release 18: Improve coverage and
mobility by using frequencies in the

Ku and Ka-bands allowing speeds
of hundreds of Mbps, benefiting
smaller AESA antennas.

gorvo.com i




Comparison of One-Way and Two Way Satellite Communications

Satellite communications are categorized into one-way and two-way systems.
One-way communication involves signals being transmitted from the satellite
to the ground, utilized in services such as GPS, satellite TV and radio.

In contrast, two-way communication facilitates interactive signal exchange
between satellites and ground stations, supporting internet services and
phone calls. Figure 6 illustrates the differences between one-way and
two-way communications involving Earth stations and a satellite.

As shown, one-way communications (left) like direct broadcast satellite
(DBS) services, traditionally rely on GEO satellites. GEO satellites match the
planet’s rotation and only orbit Earth’'s equator. From the ground perspective
GEO satellites appear in a fixed position in the sky. GEO satellites are a type
of geosynchronous orbit (GS0), and both are used in telecommunications
and Earth observation.

One-Way
Satellite Communication

GEO Satellite \Gan\(\aa\

Ka-Band Feeder Link Ku or Ka-Band Service Link

2 2\ 2%\
AN
Gateway User CPE Terminals

Non-geostationary orbit (NGSO) refers to a type of orbit used by satellites
where it is not stationary relative to the surface of the Earth. NGSOs orbit the
Earth at a lower altitude than GEO satellites and complete an orbit in a much
shorter time. NGSOs constantly move across the sky and can provide better
coverage for mobile satellite services and improve global connectivity. There
are several types of NGSO orbits, including LEO, MEO and HEO - with LEO
being the closest to Earth.

Two-way LEO satellite architectures further enhance the overall satellite
communications. These two-way satellite communications advance beyond
the old one-way "bent-pipe" approach, incorporating technologies like

AESA antennas. The bent-pipe architecture behaves like a repeater, while the
two-way architecture moves beyond this one-way communications style.
These advanced systems are crucial for enhancing communication between
ground and satellite.

Two-Way
Satellite Communication

GEO/NGSO Sateliite @:‘@

Ka-Band Uplink

Ku or Ka-Band Uplink

Ku or Ka-Band Downlink

Ka-Band Downlink

3 %\
(o)
Gateway User CPE Terminal

Figure 6: Example of one-way and two-way satellite use cases. Two-way architectures are crucial for enhancing communication between ground and satellite.
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NTN Transparent and Regenerative Architectures

The new generation of ground-station systems is
moving towards flexible and interconnected
infrastructures with smaller flat panel user
terminals, like cellular networks. To integrate
satellite access networks into 5G, 3GPP TR38.821
introduced two types of satellite-based NG-RAN
architectures: transparent and regenerative.

As shown in Figure 7 (left), the transparent payload
architecture, the 3GPP 5G NR base station (gNB)

is on the Earth, while the satellite plays the role of
the bent-pipe repeater. In transparent payload
communications, RF filtering, frequency conversion
and amplification are performed on the satellite.

In the regenerative payload architecture shown

in Figure 7 (right), full gNB or part of gNB is
implemented on the satellite. Therefore, in
regenerative payload communications, the RF
filtering, frequency conversion and amplification,
demodulation, coding/decoding, switching or
routing and modulation are done on the satellite.
This is like having all or part of the gNB traditional
ground base cell site function on board the
satellite. These regenerative system architectures
used for LEO satellites have many advantages
over the traditional bent-pipe transponders. This
is the architecture of the future as the current
LEO constellations have their own proprietary
waveforms and on-board processing systems.

Satellite Payload

Transparent

Data
Network

56 UE: 56 User Equipment  gNB: 56 Wireless Base Station  ISL: Intersatellite Link

Regenerative

(5G Wireless Base Station Processing Capability on Satellite)

%
//N %,
NRAir Interface <’/’>4
Nl ik

Feeder Ling

£
e
z o
)+

Data
Network

NGC: 56 Next-gen Core Network ~ RN: Relay Node  UE: User Equipment  NR: 56 New Radio

Figure 7: Satellite payload transparent and regenerative networks. Regenerative satellite architectures
offer significant advantages in terms of performance, flexibility and efficiency, making them ideal for

modern, data-intensive applications

[ 4

AS DEMAND FOR
CONNECTIVITY
INCREASES

satellites will serve areas

outside highly networked cities for
purposes such as connection on the
move, critical emergency services,
edge networking and connected
devices (loT).
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Satellite Technologies

Satellite communications is a growth market, both for the satellites in orbit and
the associated ground terminals. Both require a broad range of RF signal chain
components, from low noise amplifiers (LNAs) and RF power amplifiers (PAs).
Other key components include filters and switches. As demand for LEO SATCOM
advances, so does the focus on the satellite’s size, weight and power attributes.
Also, the availability of lightweight fixed and portable SATCOM user terminals

is driving the industry to deliver creative answers to existing technologies,

such as antennas.

The Entrance of AESA and Beamforming

The growth of SATCOM user terminals is responsible for a major shift in
antenna technology.

111l
AESA with Beamforming

Traditional parabolic (dish type) antenna limitations are unable to keep up with
current requirements, leading a transition to electronically steered antennas
such as AESA or phased-array types. AESA antennas can change the direction
of their signal electronically, without needing to move physically, offering a big
improvement over the mechanically steered antennas’ agility. Moreover, AESA
can create and send out its signals, using beamforming techniques for fast and
accurate beamsteering adjustments. This enables connectivity to satellites in
any orbit with fast handoff between satellites.

As shown in Figure 8 below, user CPE terminals are the direct link between

the user and the satellite. These units are lower cost, easy to set up and can

be stationary or mobile (i.e., mobile SATCOM, maritime, etc.). They use AESA
antennas to integrate various technologies into a more compact and lightweight
design. This includes beamforming technology for agile tracking and steering,
and they also utilize readily available commercial off-the-shelf (COTS)
components. Moreover, they support faster data transmission methods.

User CPE Terminal

Figure 8: AESA beamforming terminal. AESA technology improves the speed in which data can be sent and the efficient use of the available frequencies.
This makes internet connections faster, reaching wider areas and provides more dependable service, even in remote locations.
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In the previous sections, we explored the many aspects of the satellite
marketplace and introduced ways in which beamforming and AESA

technologies are advancing satellite NTN. This section delves into how
beamforming and AESA antennas are shaping satellite communication

design trends and benefiting engineers in the field.

Beamforming is a signal processing technique used in antenna arrays for
directional signal transmission or reception. This technology is crucial in
wireless communication systems as it improves signal power, leading to
enhanced performance and efficiency.

The far field antenna pattern is a composite
of the excitations of each element.

This difference in electrical path
length is ® = eil2n/ (3dsin6)

N

S

d=MN2

Figure 9: Simplified
steer beams in micro

@ = Isotropic Radiator v

support multi

Beamforming along with multiple-input multiple-output (MIMO) and AESA

are foundational technologies in modern wireless communication, offering
significant benefits in terms of signal quality, network efficiency and user
experience. Their applications span from mobile networks and Wi-Fi to satellite
communications and radar, making them a critical tool in the advancement of
wireless technologies.

An active antenna, also known as a phased array antenna, consists of multiple
stationary elements fed coherently. To form an electronic beam, each element
is energized by the appropriate phase, then a beam can be formed coherently
in the far field for the desired direction. It uses variable phase control at each
element to scan a beam to specific angles in space, as shown in Figure 9 below.
This electronic beam steering, with no moving parts, is managed by ICs at each
radiating element.

antenna with a row o
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Active antennas with beamforming ICs have the advantage known as a

soft failure mechanism, which means that the failure of a few elements
typically has little impact on overall performance. Moreover, these AESA
beamforming antennas can steer beams in microseconds and support
multiple, simultaneous, independently steerable beams. With no mechanical
parts, they are low-profile and reliable. Additionally, they can steer nulls and
have high degrees of freedom to block interferers and jammers, enabling
precise radiating aperture patterns.

For most NTN communications, antennas operate at mmWave in the GHz
frequency ranges, like 24, 26, 28, 37 or 39 GHz. These high frequencies have
short wavelengths, allowing many antenna elements to fit into a compact,
highly directive aperture, offsetting high path loss, as shown in Figure 9 on
page 15. The highly directive beams also offer spatial diversity, enabling
multiple beams to reuse the same frequency spectrum, which significantly
increases system capacity.

What is Beamforming?

Beamforming can be executed in an analog or digital format, depending
on the system requirements. We'll dig more into the individual architecture
types later.

Beamforming involves manipulating the phase and amplitude of the signal
at each radiating element in the array. This technique causes signals at
specific angles to experience constructive interference, while others
experience destructive interference. This results in the RF energy being
"focused" in specific directions, creating a beam-Llike pattern, as shown

in Figure 10. In this figure, we can see the steered beam in the antenna
array creates a main lobe at a given angle and minimizes the side lobes.
Beamforming increases the signal-to-noise ratio (SNR) at the receiver end,
reduces multipath fading and minimizes interference from other directions.

Antenna array ——p

Main lobe

———— Side lobes

Figure 10: Beamforming signal lobes in an AESA antenna. The signal beam is steered using phase shifters of TDUs.
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AESA antennas can steer the signal beam using either phase shifters or TDUs, each with its tradeoffs.
For systems operating with a larger instantaneous bandwidth, TDUs may be a better choice to avoid
beam distortion, known as squinting, as shown in Figure 11 below. However, for lower operating
bandwidth systems, phase shifters are sufficient and are the most broadly implemented solution. Note,
there are also architectures that incorporate both TDU and phase shifters into the same system. This BEAM FOR |\/| | NG
also helps reduce squinting.

ENHANCES SIGNAL

Beam Pattern Steered with Phase Shifters Beam Pattern Steered with Time Delay
as a Function of Frequency as a Function of Frequency

T Toz ‘ T som QUALITY AND
inti 11 ohe No Squinting 11 ote
-5 Squinting 11GHz sk No o]
‘ EFFICIENCY

. =10} . _ -10} 4
. g irect i
e Al | e il ] by directing electromagnetic energy,
2 2 which is crucial for mobile networks,
a a
E 0 4 E 2k 4 Wi-Fi and satellite communications.

25 [ 1 ~25r | 1 Today’'s systems offer precise and

| | | reliable beam steering to improve
~o 5 10 15 20 25 30 35 40 o 5 10 15 20 25 30 35 40 network performance, signal
Azimuth (Deg) Azimuth (Deg)

coverage and data throughput

Figure 11: Beam squinting/distortion. in modern communications.

TDUs exhibit a constant phase slope over frequency range and therefore, remove beam squinting effects.
While phase shifters exhibit constant phase over the operating frequency range; therefore, a phase shifter
setting may result in different beam steering angles for different frequencies. Which is the reason phase
shifters work best for narrower system bandwidths.

Phase shifters electrically steer a beam by approximating time delay, resulting in an optimal beam at the
center frequency. However, phase shifting can cause understeering at the maximum operating frequency and
oversteering at the minimum operating frequency. Phase shifter architectures are significantly more cost
effective and thus more commonly used.

Ultimately, both methods work but engineers must make tradeoffs for the best implementation. First by
evaluating the array size and instantaneous bandwidth requirements to determine if phase shifters are
sufficient. Second, by evaluating whether a hybrid solution is sufficient where phase shifters are used at the
elements and TDU is implemented behind some subset of elements within a larger array. If the instantaneous

bandwidth and/or array size is large enough, TDUs may be required at every antenna element. o




Three general beamforming architectures are used in active antennas: ]
analog beamforming, digital beamforming and hybrid beamforming. Anal V
. . . N . 00 | macoband TR T

This section describes each approach from a high level and then Beamforming | processing RF Chain —m—

compares the pros and cons of each approach. . 7

Analog Beamforming: Requires an RF signal adjustment at each ]* 74 Y -

antenna element to steer the beam in the desired direction. This is

simpler, often cheaper and lower power but less flexible compared to

digital beamforming. 7
Digital et \/

Digital Beamforming: Each antenna element is connected to its own Beamiorming, | |ienicsasy

digital signal processor. The beam is formed and steered by digitally I < \/
manipulating the signals. This can allow for more precise control and ‘

the ability to form multiple beams simultaneously from the same —
array. This is practical only at low frequencies, such as S-band, where Phace

the lattices are large and there is plenty of room to place the required i{)’/,

hardware on the array.

ital Phase Shifter - Ay
R
X | RFChain -

Hybrid Beamforming: Combines both analog and digital techniques, tybeid | |{neees

Beamforming | [ Processio | R \/
often used in systems where a purely digital approach would be J BEShIm )/
too costly or complex and is popular in 5G mmWave networks. — {orh-
This technigue mitigates the complexity inherent to using digital .
beamforming and reduces the RF chain components, thereby Figure 12: Comparison between analog, digital and hybrid beamforming architectures

simplifying the overall system.
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Parameter
Phase Shift Control
Carrier Bandwidth

Complexity

Cost
Power Consumption

Application

Analog
Analog phase shifters
Narrower
Lower complexity
Lowest
Lowest

Broadest market

Digital
Digital signal processing
Widest
Higher complexity
Highest
Highest

Exquisite market

Hybrid
Combination of analog and digital
Wider
Moderate complexity
Moderate
Moderate

High-performance market

QORVO'S SATCOM
RESOURCES

Qorvo is your trusted partner for satellite
communications. We bring innovation

and scale to SATCOM applications. Our
system level support and broad portfolio
of solutions for both user terminals and
LEO/GEO/MEQ satellites are connecting
the world through space.

Table 5: Comparison of beamforming types.

Webinars:
« Innovations in Satellite Communications
& Emerging ESA Technologies
» Key Components for LEO
Satellite Systems
» Navigating the SATCOM User Terminal
Trade Space

The wireless marketplace is beginning a move towards more beamforming SATCOM applications, to provide
higher throughput enabled by wider bandwidth frequencies. In cellular networks, beamforming can be

used to improve bandwidth efficiency and coverage by enabling base stations to focus signals on individual
users, reducing interference and increasing data rates. In Wi-Fi networks, beamforming can be used to
enhance signal quality and range, particularly in crowded environments with many user devices. Moreover,
satellite communications, using beamforming is shaping the coverage area of satellite signals, allowing for
targeted broadcasting and communication with specific regions. In radar system applications, beamforming
is enhancing resolution and range by focusing transmitted pulses in the direction of interest improving the
detection of objects.

Sponsored eBook:
* RF Technology Trends for LEO
Satellite Systems

Additionally, you can find more information
on this subject by visiting our SATCOM
solutions page, or email us at
beamforming-sales@qorvo.com.
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GROUND APPLICATIONS

Flat Panel Arrays

Ku-Band
Rx: 10.7 to 12.75 GHz; Tx: 13.75 to 14.5 GHz

Ku-Band Quad Beamformer ICs
AWMF-0240NY, AWMF-0241NEW
AWMF-0146, AWMF-0147

New Quad 4x2 Tx and Rx integrated ICs
advancing efficiency and performance.
Recommended Rx Gain Stage: CMD264P3
Recommended Tx Driver: CMD264P3

Qorvo

Ka-Band
Rx: 17.7 to 21.2 GHz; Tx: 27.5 to 31.0 GHz

Ka-Band Quad Beamformer ICs
AWMF-0197, AWMF-0198

Quad 4x2 Tx and Rx highly integrated ICs
simplifying active antenna design.
Recommended Rx Gain Stage: QPA2626
Recommended Tx Driver: QPA2628

SPACE APPLICATIONS

Space Payload

Ku-Band

v Rx: 13.75 to 14.5 GHz; Tx: 10.7 to 12.75 GHz

QPA1006D.

17.5 or 35W GaN Tx Power Amplifiers
QPA1006D, QPA1009D

Qorvo
GPAT009D.

GaAs Rx Low Noise Amplifier
QPA2735
E Market leading NF=1.3 dB, 25.5 dB gain with

0
Qorvo,
QPA2735

© 04-2025 Qorvo US, Inc. | QORVO is a trademark of Qorvo US, Inc.

no external DC blocks or RF matching required.

SATCOM Terminals

O
Qorvo
aPR001S

Qorvo
QPADOT

.
Qorvo i
QPAQD17

Qorvo
cmp32oc3 [
«

Qorvo
QPA1721D

Qorvo |

apat726 [

Ku-Band

Rx: 10.7 to 12.75 GHz; Tx: 13.75 to 14.5 GHz Qorvo

QPA22120

8, 15 or 25W GaN Tx Power Amplifiers
QPA0015, QPA0016, QPA0017
SMT package

Ultra-Low Noise Rx Amplifier .
CMD320C3

Market leading NF=1.07 dB, 18 dB gain
with no external DC blocks or RF
matching required. Low power dissipation.

CMD298C4

0
Qorvo
QPA2628

Ka-Band
Rx: 27.5t0 31.0 GHz; Tx: 17.7 to 21.2 GHz

20 or 30W GaN Tx Power Amplifiers
QPA1721D, QPA1724

Visit qorvo.com/go/satcom for more information

Ka-Band

Rx: 17.7 to 21.2 GHz; Tx: 27.5 to 31.0 GHz
25W GaN Tx Power Amplifier
QPA2212D

GaAs Rx Low Noise Amplifier

CMD298C4

Market leading NF=1.07 dB, 18 dB gain
with no external DC blocks or RF
matching required. Low power dissipation.

GaAs Rx Low Noise Amplifier

QPA2628

Market leading NF=1.6 dB, 23 dB gain with

no external DC blocks or RF matching required.

Qorvo



