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Maximize Precious Metal

Scrap Recoveries

ISO certified plant &
laboratory

= Fully insured and permitted
facility, ITAR compliant

= Can accept and process most
precious metal containing haz.
waste items

= Capability to treat high grade
and lower grade precious
metal bearing items

* Processes include: thermal
reduction, milling, screening,
blending, melting & shredding

= Payment flexibility: wire
transfers, physical metal &
pool account credits

* Pricing options
* Open transparent reporting

* Logistics assistance shipping

materials
Metals Recycled: Knowledgeable staff to ensure our clients
Gold, Silver, Platinum, Palladium, Rhodium, reclamation needs are met.

Ruthenium, Iridium and Copper.

Call us today to get the most out of your metal!
We supply 50 gallon drums or 5 gallon pails depending

on your material types and grades.

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

testing instruments.

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

Through unique design

GGB INDUSTRIES, INC. -

lephone (239) 643-440

Picoprobe elevates pi';)

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

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

P.O. BOX 10958 -
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ards to a higher level...
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110 GHz to be exact.)

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

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

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

NAPLES, FL 34101

www.picoprobe.com
reproductlon or P a%smlssmn



POWER €9
SPLITTERS) X'
COMBINERS

wn DC to 65 GHz

Over 600 Models in Stock

2-Way up to 24-Way Models

Input Power up to 100W

0°, 90° and 180° Phase Configurations

LGS MMIG, Microstrp, Strpline, Gore & Wire, and Resistive Designs
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It's The Small Things That Make You Successful

www.nickc.com

FEATURES

Center frequency range: 1 GHz - 23 GHz
Bandwidth: 1% to 60%

Sharp selectivity
(Shape factor of 1.6:1 for 1dB to 30dB)

Extremely low profle (< 0.08 inches)

Built on industry standard Alumina
and Titanate substrates.

Radar | UAV | EW | Guidance & Navigation | Communications | GPS & Satellite

S0 9001:2015 NETWORKS 913.685.3400

AS9100D INTERNATIONAL 15237 Broadmoor
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FROM SURFACE MOUNT COMPONENTS
TO COMPLEX TESTRACK ASSEMBLIES
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The Right RF Parts.
Right Away.

Having the correct RF parts shipped to you the same
day can mean the difference between project success
and failure. We’re certain we’ve got the parts you need,
with more than one million components in-stock

and available to ship today.

074+.001
[1.88£0.03]

0.512  1.024  1.536
[13.0] [26.0] [39.0]

SMA
FEMALE
(5 PLACES)

We’ve Got That!

Available for Same-Day Shipping.

fairviewmicrowave.com T fvrri : "
11.800.715.4396 am | Fairview Microwave
+1-972-649-6678 H B an INFINIT® brand
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Has Amplifier Performance or
Delivery Stalled Your Program?
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In 1 design, both
electrothermal

effects and structural
deformation are at play.

Visualization of the thermal expansion, electric field, and
surface current patterns in a microwave cavity filter.

Microwave transmitters rely on filters to maintain a desired
frequency output, but thermal drift can affect their operation.
In order to optimize the design of these components,
engineers need to predict their performance under real-world
conditions. Multiphysics modeling can be used to evaluate the
electrothermal and structural effects of microwave filters —
simultaneously.

The COMSOL Multiphysics® software is used for simulating
designs, devices, and processes in all fields of engineering,
manufacturing, and scientific research. See how you can apply
it to microwave designs.

comsol.blog/microwave-filters

COMSOL
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NOVEMBER s cumcaes

WEBINAR

o

WEBINAR

9-29 to 11-3

Latest Insights in RF Amplifier Design from
World's Leading Experts — Fundamentals and

Applications — “Live” Webinar Course
This six-week lecture series is intended to give a broad
overview of state-of-the-art RF PA techniques with practical
aspects for working professionals together with students for
future RF PA designers, from fundamentals to applications.
From review of RF power amplifier concepts then teaches
handset PA design techniques, issues and solutions faced
with designing RF PAs for mobile applications to GaAs/
GaN MMIC level mmWave amplifier design tutorials and
techniques including foundry/technology selection, load-
pull, load line analysis and simulations with EDA tools,
attendees will help sharpen current skill sets as well as
initiate the RF PA design with better confidence.

https://wwnww.microwavejournal.com/events/1965

Ten Tips for Reducing On-Board DC-DC Converter

EMI for loT/Wireless Devices
With the world headed towards “everything wireless” in
full swing, it comes with problems with EMI. That is, EMI
from the product itself interfering with sensitive on-board
cellular, GPS/GNSS and Wi-Fi/Bluetooth receivers. One of
the predominant sources of this self-interference comes
from today’s DC-DC converters running between 1 and 3
MHz. This webinar will describe ten tips for reducing this

interference from DC-DC converters.

signalintegrityjournal.com

VIRTUAL

The 42nd Annual Meeting and Symposium of the Antenna
Measurement Techniques Association (AMTA) will include
high-quality technical papers presented on a continuous basis,
a full-day short course related to antenna measurement, exhibits
showcasing antenna and RCS measurements, networking
opportunities with industry experts and more.

VIRTUAL

BCICTS will unify the complementary technical legacies of
BCTM (31 years) and CSICS (39 years) into one exemplary
symposium. Anchoring the contributing sessions will be
sixteen invited talks arranged by the technical subcommittees
of BCICTS, including coverage of the latest topics and
advances in the rapidly progressing field of semiconductor
technology and circuits unmatched by any other conference.

www.bcicts.org

10-12

MilSatCom

10 - 12 NOVEMBER 2020
LONDON, UK

L AT RS
Global MilSatCom provides an unparalleled opportunity to
meet with senior decision makers from defense agencies,
militaries, governments and industry from across the globe,
providing fantastic interactive opportunities through

conference sessions, virtual exhibition hall and networking
receptions. This year, Global MilSatCom highlights SATCOM
resilience, hybrid capability, payload delivery, the impact of

emergent LEO mega constellations and more, providing a

holistic view of the future of connectivity.

www.globalmilsatcom.com

FOR PETAILS, VISIT MAJOURMAL COM/EVENTS
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ZERO BIAS
SCHOTTKY
DETECTORS

For 0.01 - 50 GHz
> N

> Single unit covers 0.01 - 50 GHz

> Matched input for low VSWR

> Flat frequency response

> High sensitivity (0.5 mV/uW
up to 50 GHz)

> Optional output connectors
(SMA, BNC, SMC)

> Great for instrumentation and
laboratory use
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FLATNESS | SENSITIVITY

(+ dB) (mV 7 W)
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Other Products:
Amplifiers, Comb Generators, Limiters,
Switches, Integrated Subsystems

.' Herotek Il

155 BAYTECH DRIVE, SAN JOSE, CA. 95134--2303
PH: 408-941-8399 . FAX: 408-941-8388
E-Mail: Info@Herotek.com
Web Site: http.//www.herotek.com
Visa/MasterCard Accepted
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IEEE International Conference on
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October 12

IEEE MTT-S IMS2021

December 9

CS MANTECH 2021
December 18
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COMSOL
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Electronic Design
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OCTOBER

AUVSI’s Xponential
October 5-8 « Virtual
www.xponential.org

EDICON Online
October 6,13, 20 & 27 = Virtual
www.edicononline.com

COMSOL Conference 2020
October 7-8 « Virtual
www.comsol.com/conference/north-america

EDI CON China 2020
October 13-14 « Beijing, China
www.ediconchina.com

Gl@bal
MilSatCom

NOVEMBER
AMTA 2020

November 2-5 « Virtual
www.amta2020.0rg

2020 IEEE BiCMOS and BCICTS
November 8-11 « Virtual
www.bcicts.org

Global MilSatCom
November 10-12 « Virtual
www.globalmilsatcom.com

®
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DECEMBER

APMC 2020

December 8-11 « Virtual

www.apmc2020.org

2020 IEEE International Electron Devices
Meeting

December 12-16 - Virtual
https://ieee-iedm.org/

JANUARY 2021

European Microwave Week (EuMW)
January 10-15 « Utrecht, The Netherlands
www.eumweek.com

Radio & Wireless Week (RWW)
January 17-20 « San Diego, Calif. & Virtual
www.radiowirelessweek.org

96th ARFTG Microwave Measurement
Symposium

January 17-20 « Virtual
https://www.arftg.org/index.php/upcoming-
conference/future-conferences

FEBRUARY 2021

International Conference on Computing,
Communication, and Intelligent Systems
(ICCCIS)

February 19-20 « Greater Noida, India
http:/lwww.icccis.in/
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MWC Barcelona
March 1-4 « Barcelona, Spain
www.mwcbarcelona.com

2021 IEEE Aerospace Conference
March 6-13 « Big Sky, Mont.
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March 15-18 « Washington D.C.
www.satshow.com

EMV
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DesignCon 2021
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High Dynamic Range RF Transceiver for Challenging
Mission-Critical Communications Applications

Analog Devices’ ADRV9002 is the first narrow-to-wideband Key ADRV9002 features and benefits include:
transceiver offering a receiver with the highest dynamic Simplified Serial Interface LVDS or CMOS
range on the market and a best-in-class, highly linear
transmitter. It is ideal for mission-critical communications
applications such as first responder radios, private LTE
networks and satellite communications, where size,
weight and power are key design considerations.

Low Power Monitor / Sleep Modes
Automatic Gain Control

Digital Pre-Distortion

Multi Chip Synchronization

Fast Frequency Hopping

The RF transceiver is the latest addition to ADI’s award- Radio Impairment Corrections Algorithms
winning RadioVerse™ design and ecosystem.

. RichardsonRFPD mmonesr R
»\, An Arrow Company RICHARDSONRFPD.COM/ADRV9002 [} 35 'l"'i

=k

Your Global Source for RF, Wireless, loT & Power Technologies
www.richardsonsfpclcom | 8007275837 | 620.262.8800



CoVER FEATURE

INVITED PAPER

Intensifying Technology
Competition in the Acoustic
Wave Filter Market

Stéphane Elisabeth
System Plus Consulting

Cédric Malaquin
Yole Développement (Yole)

ntil now, surface acous-

tic wave (SAW) and bulk

acoustic wave (BAW) fil-

ters have been well suited
for distinct frequency bands. SAW
filters are best suited to lower fre-
quencies and BAW filters for higher
frequencies in the cellular market.
As Yole Développement has shown
in its description of the state-of-the-
art technology in Figure 1, SAW
filters were well adopted in the
low frequency range, from 0.4 to
1.2 GHz. In the middle (from 1.2 to
2.2 GHz), both SAW and BAW fil-
ters were struggling in the market.
State-of-the-art BAW filters offered
better performance where SAW fil-
ters were cheaper with acceptable
performance. For high frequency
applications (from 2.2 to 6.0 GHz),
BAW filters were the leader.

This situation is no longer the
case in the market as several com-
panies have developed technolo-
gies that will disrupt the filter mar-
ket. Several trends can be observed:

20

* Asian-based companies are of-
fering their own SAW technology
which is lower cost compared to
other competitors

e U.S.-based companies mainly of-

fer high performance SAW filters
Market leaders, with the devel-
opment of new technology, are
increasing the frequency range
of well know devices such as

Filter Technology in 5G NR Band Landscape

Bandwidth (MHz)

BAW SMR

Frequency (GHz)

MLCC & IPD

A Fig. 1 Acoustic wave filter technology in the 5G NR landscape. Source: Yole

Developpement, 2019.
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RLC Power Dividers...

Known for high performance, innovative solutions,
and cost-effective pricing.

Model DSM-0520-2
shown here
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RLC Electronics’ Power Dividers offer

performance in compact microstrip units with wide

superior

bandwidth and multiple outputs. These units provide low
VSWR, high isolation and excellent phase characteristics
between all the output ports.
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Our family of Power Dividers are available in a choice
of 2, 3, 4, 6, 8,9, 12, and 16-way configurations

B Available in frequencies from DC to 40 GHz

B A wide choice of connector styles or surface mount
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SAW and film bulk acoustic reso-

nator (FBAR)-BAW filters
e With the rise of 5G and Wi-Fi

6E, almost all market leaders are
looking for BAW solutions
* In the middle frequency ranges,

SAW companies are looking for

cost effective solutions with high

performance: temperature-com-
pensated SAW (TC-SAW) filters,
thin film SAW (TF-SAW), etc.

In this article, the acoustic filter
technology currently available on
the market is described including
the costs for both SAW and BAW
devices followed by an overview
of the upcoming technologies for
future applications, including new
structures and costs.

In the filter family, the substrate
is the first means of differentiation
between the players. The most suit-
able substrate technology for smart-
phones and other small form factor
applications is a piezoelectric mate-
rial. The filters based on this technol-
ogy rely on the electro-mechanical
effect of the material to propagate
the RF signal and filter it at a certain
frequency. Two main technologies
split the market for piezoelectric fil-
ters, BAW and SAW. For standard
SAW, eight companies that supply
such devices are included in a com-
parative report shown in Figure 2.
For TC-SAW, the number of manu-
facturers drops to four. More than
half of them are U.S.-based compa-
nies: Qorvo and Skyworks, that only

Piezoelectric Ceramic

Filtering Family: Players in Acoustic Filter
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A Fig. 2 Acoustic wave filter market players and their technologies. Source: System

Plus Consulting, 2020.

provide TC-SAW components using
in-house design, and Qualcomm,
with a complete portfolio from leg-
acy SAW to SMR-BAW filters. The
fourth is an Asian-based company,
Murata.

At low frequencies, SAW filter
technology is well known and small
companies are competing with the
market leaders to create an alterna-
tive filter ecosystem. As SAW filters
use lateral propagation of the high
frequency waves, it only requires
simple manufacturing processes.
Several Asian-based companies
have risen over the past few years
to introduce their own technology
at a low cost, to be integrated into
the Chinese domestic market in dis-

Absolute Lowest Insertion Loss

Waveguide Bandpass Filter

Our WZ-Series waveguide filter offers the
lowest insertion loss and highest power
handling for narrowband applications

Typical bandwidth up to 2%

Custom designs up to 67 GHz

AS9100 Rev D
I1SO 9001:2015
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crete models like Vivo, Huawei, etc.
This has spawned new companies,
like Resonant, that provide simula-
tion tools to enable fabless compa-
nies to quickly develop filters and
foundry services to manufacture
them. Wisol, a Korean-based com-
pany that provides discrete filters
and modules to OEMs like Sam-
sung, has supplied a module with a
single die SAW duplexer designed
by Resonant for a low-end smart-
phone, the XCover 4. This standard
technology is usually based on met-
al electrode (aluminum, titanium,
gold, copper) forming the inter-
digital transducer (IDT) on a single
crystal piezoelectric like lithium tan-
talate (LT) as shown in Figure 3. The
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Acoustic Filter Technology Overview
SAW TC-SAW TF-SAW BAW-SMR BAW-FBAR BAW-XBAR
@ = o= 0 pgw
Vertical Propagation
Application
4G 4 | acise) | acsc | acisc | acrsG
Cost (- High Cost, + Low Cost)
+++ ++ | + | + | - | (Est.) ++
Process Steps (+ Complex, - Simple)
- + | ++ | o+ | ++ | o+
Structure
Air Cavity Oxide Air Cavity Air Cavity Air Cavity Air Cavity
Single Single Single Polycrystal Polycrystal Polycrystal
Crystal Piezo | Crystal Piezo | Crystal Piezo Piezo Piezo Piezo
socsde | mete | oy | ancowy
Substrate
Singlg Singlg Piezo on Silicon Silicon Piezo on
Crystal Piezo | Crystal Piezo Insulator Insulator

A Fig. 3 Acoustic wave filter construction overview. Source: System Plus Consulting,

2020.

result of such a simple process is
a very low cost device that fits low
frequency filtering requirements but
is not suitable for selected high fre-
quencies like band 8, 26 or 13 on
the LTE protocol, or better perfor-
mance demanded by 5G.

For more challenging bands, TC-
SAW filters are required and fewer
companies supply these. The gap
between some frequency bands
is very tight, so performance drift,

mainly due to thermal changes on
the structure, must be controlled
to avoid filtering overlaps. TC-SAW
filters have been built specifically
for these cases. TC-SAW technol-
ogy still uses a thin film deposi-
tion manufacturing process. How-
ever, the process adds features to
enhance the isolation, by adding
thermo-compensation layers. At the
substrate level, the change can be
seen compared to a standard SAW

T1215 TCXO ‘s

24

T1254 TCXC

filter, with the use of a lithium nio-
bate substrate that provides better
acoustic wave velocity (see Figure 3).
Also, to enhance the performance
of the IDT structure, other materi-
als are considered for the electrode.
These materials, such as silver, plati-
num, molybdenum or chromium,
offer better acoustic impedance
while handling higher power. To
isolate the IDT from any environ-
mental changes (like temperature),
the structure is usually covered with
silicon oxide and sometimes with
an additional silicon nitride layer. Of
course, these enhancements have a
cost: TC-SAW adds 60 percent cost
premium compared to traditional
SAW filters.

Finally, in the SAW filter segment,
there is a new technology called TF-
SAW filter that provides very high
performance compared to the stan-
dard SAW filter. The performance
can even compete with BAW filters
in some frequency bands. This tech-
nology relies on piezoelectric mate-
rial deposited on an insulator. In this
technology, the thermal compensa-
tion mechanism comes directly from
the substrate.

In 2020, two major companies are
providing TC-SAW devices, Qual-
comm and Murata. Murata firstintro-
duced the technology, which has al-
ready been commercially adopted,
and Qualcomm added this technol-
ogy to its portfolio in the beginning
of 2020. Only a few substrate sup-

Greenray precision crystal oscillators feature
tight Stability, low g-Sensitivity, low Phase
Noise and radiation tolerant crystals. All our
products are designed and manufactured
exclusively in the US.A.

We deliver highly reliable, class-leading
performance for low orbit space apps,
mission-critical defense environments and
emerging industrial technologies.

Visit us online for product specifications,
technical resources and more. Or call us at
717.766.0223 — and talk to the frequency
control experts, today.

(Greenray)

frequency control solutions
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B Patented resistive product designed to handle more
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®  Multiple footprint configurations, resistance
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premium performance in a small package
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Filter Front-End Cost Breakdown (Medium Yield)

©BROADCOM

Yield Losses
' Cost

BAW Filter Cost Comparison: Broadcom vs. Skyworks

Front-End Cost Breakdown (Medium Yield)

SKYWORKS'

Yield Losses
Cost
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A Fig. 4 SAW filter cost per area by technology. Source: System Plus Consulting, 2020.

pliers currently manufacture and of-
fer this material. The manufacturing
of the substrate relies on two main
process technologies: one with a
grinded LT substrate on silicon and
the other with Piezo-on-Insulator
substrate using a Smart-Cut®-like
process from Soitec. This new tech-
nology provides a great opportunity
for substrate manufacturers, such as
NGK and Soitec. Other advantages
of this technology are lower losses,
wider bandwidths and higher fre-
quency than traditional SAW filters.
It also allows the integration of mul-
tiple filters on one device reducing
the total footprint.

By analyzing the main SAW tech-
nology from various players, the
relationship of the SAW filter cost
per area has been calculated and is
shown in Figure 4. It appears that

due to the substrate manufacturing
process. However, TF-SAW is very
attractive notwithstanding the cost
compared to a BAW filter. The per-
formance of a TF-SAW filter is very
close to that of a BAW filter in some
bands where the BAW filter is the
leading technology. For example, in
LTE Band 40, the ultraSAW technol-
ogy from Qualcomm achieves bet-
ter insertion losses than competing
BAW filters. Moreover, the thermal
handling is better for TF-SAW than
BAW filters. For ultra-high frequen-
cy (3.3 to 6 GHz), the BAW filter is
still the leader in performance, even
more with the implementation of
5G.

The main difference between
BAW and SAW filters, besides the
structure, is the piezoelectric ma-
terial that the filters rely on. SAW

there is a linear in-
crease in cost for

SAW, TF-SAW, TC-SAW Filter Relative Cost

each technology, X5
irrespective of the

/S 7

manufacturer. The
only  differences

oS '

are the SAW tech-
nology used. TC-

o S L

TF-SAW Filter

SAW or high per-
formance SAW

Relative Die Cost ($)

TC-SAW Filter [
SAW Filter

filters are almost

ol L

two times cost- X0 ‘ ‘
lier than standard 0 02 04
SAW filters. TF-

1
06 08 10 12 14 16 18

Die Area (mm?)

SAW has an even

higher cost, mainly Consulting, 2020.
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A Fig. 5 Cost comparison of BAW filters. Source: System Plus
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filters use a single crystal piezo-
electric like LiTaO3 or LiINbOS5 as
a substrate where BAW filters use
polycrystal aluminum nitride that
provides higher coupling coefficient
and higher wave velocity in the ma-
terial. For several years, the BAW fil-
ter market has been dominated by
four leaders, Avago Technologies,
Qorvo, Taiyo Yuden and Epcos. In
the past few years, however, the
market has changed a bit through

acquisitions and joint ventures. Ava-
go is now part of Broadcom and Ep-
cos joined TDK, which is now part of
RF360, owned by Qualcomm.

This year, the market could ex-
perience more competition with

the entrance of new players with

new technologies for BAW filters.

Skyworks has started its introduc-
tion into high volume products of

its in-house FBAR technology. Like
Broadcom’s FBAR technology, the
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die is packaged using wafer level
chip scale packaging technology
using through silicon vias (TSV) and
two silicon substrates. However, its
structure has an air cavity realized
using a sacrificial oxide on top of
the silicon substrate, unlike Broad-
com, which etches the silicon sub-
strate to realize a “swimming pool”
under the resonator.

Another player, Akoustis, will
ramp up this year in the CPE mar-
ket with a product that relies on a
single crystal piezoelectric material.
The main product of the company is
a FBAR-type structure with a piezo-
electric growth step using metal
organic chemical vapor deposition
deposition technology. The single
crystal material allows for a bet-
ter coupling factor and low inser-
tion losses. This enables very good
performance at higher frequen-
cies, such as 5.2 to 5.6 GHz. There
are other players, like Murata with
Resonant, which have developed
an XBAR device that completes
the offerings of the company and
has a similar structure to FBAR with
piezoelectric on top of an air cavity.
However, the resonator is different
because of the use of a thin film
piezoelectric material and IDT-like
electrodes. These two technologies
are emerging in the market but the
cost is expected to be higher for
XBAW from Akoustis and similar for
XBAR from Murata/Resonant.

By looking at the actual FBAR-
BAW filter market, cost differences
between Skyworks and Broadcom
have been evaluated and shown in
Figure 5. According to the simula-
tion, Skyworks appears to be twice
as costly as Broadcom. This cost dif-
ference is due to two main reasons:
first, the number of etching steps
in the process from substrate wafer
front-end to realization of the reso-
nator and second, the cost of the
TSV and the manufacturing of the
sealing frame.

Another way to implement BAW
technology is to develop a resona-
tor solidly mounted on silicon sub-
strate. This technology, called SMR,
is used by Qorvo and Qualcomm.
To propagate the acoustic wave
through the thin film while isolat-
ing it from substrate parasitics, an
acoustic mirror is realized using mul-
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tiple silicon oxide layers and a metal
layer beneath the resonator struc-
ture. This is realized without any
micromachining of the silicon sub-
strate but requires specific packag-
ing features to protect the resonator
from the environment. In the case of
Qorvo's SMR technology, the reso-
nator is protected using an epoxy-
based wall and cover that forms an
air cavity on top of the resonator
area. For Qualcomm, the air cavities

are realized using sacrificial oxide
and SiN with an air vent. After the
sacrificial etching, a polyimide film
is deposited on the structure sealed
with another SiN layer. In both de-
vices, the redistribution of the elec-
trode from the resonator is made
with copper pillars which are lower
loss interconnects than solder balls.

According to Yole Développe-
ment, the overall mobile handset
filter market was valued at $7B in
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2019, with SAW- and BAW-based
technologies accounting for $4.7B
and $1.9B, respectively. The re-
maining filter business is based on
non-acoustic filter technologies
(MLC and IPD). As the number
of supported bands in a handset
keeps increasing and more complex
filter functions with carrier aggrega-
tion are required plus support for
5G new radio while ensuring co-
existence with other radios is pos-
ing additional stress for the perfor-
mance of the filter, the market for
higher performance filters will grow.
Therefore, BAW and TF-SAW filters
will have the largest growth rate, ex-
plaining the rising interest of market
leaders in these technologies, while
legacy SAW filters will only have an
organic growth.

The actual front-end module mar-
ket is well settled at this point. Mar-
ket leaders Broadcom, Qorvo, Sky-
works, Qualcomm and Murata are
sharing the throne and small players
are taking legacy market share. Each
company has developed its own
technology and relies on its techno-
logical position. Broadcom, with its
FBAR-BAW filter, still dominates the
high performance filtering market but
Qorvo and Skyworks are following
closely behind. In the first instance by
providing the same degree of perfor-
mance at Power Amplifier Integrated
Duplexer level thanks to packaging
innovation and a new type of FBAR-
BAW filter that could compete with
the other two players.

One of the Asian-based compa-
nies that is growing every year, Mu-
rata is a company to follow. With the
inclusion of TF-SAW in its portfolio
and development of XBAR in part-
nership with Resonant, the company
ismoving close to the same level of a
component provider as Qualcomm
and could became a top competi-
tor. With the recent U.S. ban of Hua-
wei, the company has increased its
sales volume by garnering a lot of
design wins for smartphones from
Chinese OEMs. As no settlement is
yet being agreed between the two
countries, we could expect a rise in
the number of Chinese filter manu-
facturers in partnership with active
device manufacturers, like Maxs-
cend, to provide front-end modules
and replace components that rely
on the U.S. manufacturers.ll
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OCTAVE BAND LOW NOISE AMPI.IFIER_S

Model No. reg (6Hz2)  Gain @) MIN  Noise Figure @8)  Power-out@Pid8  3rd Order ICP
CA0T1-2110 28 AX, 0.7 +10 MIN +20 dBm
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20 dBm
(A24-2111 2.04.0 29 1.1 MAX, 0.95 TYP +10 MIN +20 dBm
CA48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20 dBm
CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm
(A1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20 dBm
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CAO01-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20 dBm
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20 dBm
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20 dBm
(A23-3111 2.2-2.4 30 0.6 MAX, 0.45 TYP +10 MIN +20 dBm
(A23-3116 2.7-29 29 0.7 MAX, 0.5 TYP +10 MIN +20 dBm
(A34-2110 3.7-42 28 1.0 MAX, 0.5 TYP +10 MIN +20 dBm
CA56-3110 54-59 40 1.0 MAX, 0.5 TYP +10 MIN +20 dBm
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20 dBm
CA910-3110 9.0-10.6 5 1.4 MAX, 1.2 TYP +10 MIN +20 dBm
CA13153110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20 dBm
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm
(A34-6116 31315 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40 dBm
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm
CA1213-7110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm
CA1415-7110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm
CA1722-4110  17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31 dBm
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Fre(i (6Hz)  Gain (@8) MIN  Noise Flgu @)  Power-out@pidB  3rd Order ICP
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 + +20 dBm
CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20 dBm
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20 dBm
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32 dBm
CA02-3112 0.5-2.0 36 4.5 MAX, 2.5 TYP +30 MIN +40 dBm
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20 dBm
CA26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40 dBm
CA618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33 dBm
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 dBm
CA218-4116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20 dBm
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30 dBm
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 dBm
LIMITING AMPLIFIERS

Model No. Freq (GHz)  Input Dynamic Range Ourput Power Ru e Psat  Power Flatness dB
CLA24-4001 2.0-4.0 -28 10 +10 dBm +7 to +1 +
(CLA26-8001 2.0-6.0 -50 to +20 dBm +14 10 +1 8 dBm +/ 1.5 MAX
(LA712-5001  7.0-12.4  -21to+10 dBm +14 to +19 dBm +/- 1.5 MAX
(lA618-1201  6.0-18.0  -50 to +20 dBm +14 to +19 dBm +/-1.5 MAX
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION

Model No. Freg (6Hz)  Gain (@) MIN _ Noise Figure @)  Power-out@P148 Gain Attenuation Range
CA001-251TA  0.025-0.150 21 5.0 MAX, 3. +1 30 dB MIN
CA05-3110A 0.55.5 23 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN
CA56-3110A 5.85-6.425 28 2.5 MAX, 1.5TYP  +16 MIN 22 dB MIN
CA612-4110A 6.0-12.0 24 25 MAX, 1.5TYP  +12 MIN 15 dB MIN
CA1315-4110A  13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN
CA1518-4110A  15.0-18.0 30 3.0 MAX, 20 TYP  +18 MIN 20 dB MIN
LOW FREQUENCY AMPLIFIERS

Model No. Fregi (6Hz)  Gain @) MIN  Noise Figure dB  Power-out@pids  3rd Order ICP
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20 dBm
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23 dBm
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33 dBm
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30 dBm
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35 dBm
(A004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25 dBm

QCompeﬂﬂve Pricing & Fast Delivery
e Military Reliability & Qualification
e Various Options: Temperature Compensation,
Input Limiter Protection, Detectors/TTL & More
¢ Unconditionally Stable (100% tested)
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AlphaDogfight Trials Foreshadow Future of
Human-Machine Symbiosis

small Maryland company took first place in

the recent AlphaDogfight Trials Final event,

a three-day competition designed to dem-
onstrate advanced algorithms capable of performing
simulated, within visual range air combat maneuver-
ing—commonly known as a dogfight. Heron Systems'
F-16 Al agent defeated seven other companies’ F-16 Al
agents and then went on to dominate the main event—
a series of simulated dogfights against an experienced
Air Force F-16 pilot—winning 5-0 through aggressive
and precise maneuvers the human pilot couldnt out-
match.

“The AlphaDogfight Trials were a phenomenal suc-
cess, accomplishing exactly what we’'d set out to do,”
said Col. Dan “Animal” Javorsek, program manager in
DARPA's Strategic Technology Office. “The goal was to
earn the respect of a fighter pilot—and ultimately the
broader fighter pilot community—by demonstrating
that an Al agent can quickly and effectively learn basic
fighter maneuvers and successfully employ them in a
simulated dogfight.”

The trials were designed to energize and expand a
base of Al developers for DARPA's Air Combat Evolu-
tion (ACE) program. ACE seeks to automate air-to-air
combat and build human trust in Al as a step toward
improved human-machine teaming.

Eight participating companies, ranging from major
defense contractors to a four-person firm, spent less
than a year developing and teaching their Al agents
how to fly and excel in simulated aerial combat. The
teams were Aurora Flight Sciences, EpiSys Science,
Georgia Tech Research Institute, Heron Systems, Lock-
heed Martin, Perspecta Labs, PhysicsAl and SoarTech.
Al agents developed by Lockheed Martin, Aurora Flight
Sciences and PhysicsAl rounded out the top four teams.

“The AlphaDogfight Trials outcome shows great
promise for future airborne combat systems and con-
cepts involving human-machine symbiosis,” said Tim
Grayson, director of DARPA's Strategic Technology Of-
fice (STO). “As part of STO’s Mosaic Warfare vision of
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DefenseNews
Cliff Drubin, Associate Technical Editor l <

distributed manned and unmanned systems, the trials
laid a strong foundation for further algorithm develop-
ment in the ACE program as it moves now from a simu-
lation environment to testing algorithms and measuring
pilot trust on actual aircraft.”

The ACE program seeks to increase trust in combat
autonomy by using human-machine collaborative dog-
fighting as its challenge problem. This also serves as an
entry point into complex human-machine collaboration.
ACE will apply existing artificial intelligence technolo-
gies to the dogfight problem in experiments of increas-
ing realism. In parallel, ACE will implement methods to
measure, calibrate, increase and predict human trust
in combat autonomy performance. Finally, the pro-
gram will scale the tactical application of autonomous
dogfighting to more complex, heterogeneous, multi-
aircraft, operational-level simulated scenarios informed
by live data, laying the groundwork for future live, cam-
paign-level Mosaic Warfare experimentation.

In a future air domain contested by adversaries, a sin-
gle human pilot can increase lethality by effectively or-
chestrating multiple autonomous unmanned platforms
from within a manned aircraft. This shifts the human role
from single platform operator to mission commander.
ACE aims to deliver a capability that enables pilots to at-
tend to a broader, more
global air command mis-
sion while their aircraft
and teamed unmanned
systems are engaged in
individual tactics.

ACE creates a hierar-
chical framework for au-
tonomy in which higher-
level cognitive functions
(e.g., developing an overall engagement strategy, select-
ing and prioritizing targets, determining best weapon or
effect, etc.) may be performed by a human, while low-
er-level functions (i.e., details of aircraft maneuver and
engagement tactics) is left to the autonomous system.
For this to be possible, the pilot must be able to trust
the autonomy to conduct complex combat behaviors in
scenarios such as the within visual range dogfight before
progressing to beyond visual range engagements.

ACE demonstrations bridge the gap from simple phys-
ics-based automated systems currently in use to complex
systems capable of effective autonomy within highly dy-
namic and uncertain environments at mission speeds.

The technology development on the ACE program
addresses four primary challenges:

1. Increase air combat autonomy performance in local
behaviors (individual aircraft and team tactical)

2. Build and calibrate trust in air combat local behaviors

3. Scale performance and trust to global behaviors

(heterogeneous multi-aircraft)

4. Build infrastructure for full-scale air combat experi-
mentation

“Virtual finale
showcases Al’s

impresSive abilitiesqn
simulated F-16 aerial
combat.”

Visit mwjournal.com for more defense news.
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Next Generation Radar for the RAF
Typhoon

AE Systems and Leonardo have been award-

ed a contract to develop the Active Electron-

ically Scanned Array (AESA), the European
Common Radar System Mark 2 (ECRS Mk2) radar, to a
standard ready to be integrated on to RAF Typhoons.

The ECRS2 is a multi-functional array that will give
U.K. Typhoons a world-leading electronic warfare capa-
bility, in addition to traditional radar functions, including
wide band electronic attack. It will equip RAF pilots with
the ability to locate, identify and suppress enemy air
defenses using high-powered jamming. They can en-
gage targets while beyond the reach of threats—even
when looking in another direction—and operate inside
the range of opposing air defenses, remaining fully pro-
tected throughout.

This game-changing capability will replace the me-
chanically-scanning radar that RAF Typhoons are cur-
rently equipped with and will ensure the U.K. retains the
freedom to deliver air power wherever and whenever it
is needed. It also enables the Typhoons to link up with
future data-driven weapons to combat rapidly evolving
air defences, ensuring that U.K. Typhoons can continue
to dominate the battlespace for years to come.

It has significantly more Transmit-Receive Elements
than other radars, making Mk2 the most capable fighter
AESA radar in the world, maintaining the same power
and precision of traditional radars but also enabling the
simultaneous operation of its wide band electronic war-
fare functionality.

Both companies are currently working as part of a
four-nation development program alongside Eurofight-
er consortium partners in Germany, Spain and Italy on a
baseline version of the AESA radar. The ECRS Mk2 is a
completely new approach designed to meet the opera-
tional needs of the RAF and future export customers.

The U.K.'s commitment follows a similar commitment
from Germany and Spain to deliver their own national
requirements for an AESA radar.

s Toeeene.. 7 o
Typhoon (Source: BAE Systems)
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Mobile Antenna Competition Intensifies as
5G RAN Deployment Grows

ompetition in the antenna vendor market is

heating up as 5G rolls out and market share

is coming under serious pressure. In its re-
cent analysis of the worldwide mobile cellular 4G and
5G antennas market, ABI Research found that Huawei
remains the market leader in the base station anten-
na market, retaining a first place in both the market
share and vendor rankings. Following Huawei, other
companies within the top five for market share in-
clude, CommScope, Kathrein Mobile Communication,
Rosenberger and ACE Technologies. Together, these
five vendors comprise more than 70 percent of the to-
tal market in terms of revenue. While the names of the
top five remain the same, there has been a shuffle in
the order with CommScope taking the second posi-
tion in 2019.

2019 was the year that 5G started to roll out and be
trialed. By the end of 2019, South Korea reported more
than 90,000 5G base stations had been deployed and
China had built out more than 130,000. “The move to-
ward the 5G rollout is creating new challenges as the
antenna and radio must be integrated for optimal utili-
zation of site space and network performance. The suc-
cessful performance of the 5G network will increasingly
depend on the antenna, making it an essential compo-
nent in the operator’s network,” explained Dean Tan,
research analyst at ABI Research.

ABI Research forecasted the growing demand for
a higher-order number antenna ports, such as six and
eight ports and 10 to 16 ports. These two segments will
make up more than 80 percent of antenna shipments
by 2025. In preparation for 5G, most antenna vendors
(e.g., Huawei, Kathrein and RFS) have released their
own versions or are working with OEMs for develop-
ment. Massive MIMO is key to achieving the higher
capacity gains and throughput that 5G is expected to
bring. However, challenges, such as limited site space
and difficulty of acquiring new sites, requires vendors
to develop innovative ideas for the 5G deployment.
“With the deployment of 5G, we have seen remarkable
growth and innovation in the integrated active antenna
segment. To tackle the challenges of 5G deployment,
there is a vital need for antenna vendors and OEMs to
work closely in an integrated fashion,” said Tan.

Aside from the 5G focus, antenna vendors con-
tinue to develop innovative solutions to overcome
physical challenges. Kathrein released their “378-an-
tenna platform” that generates air vortices to reduce
the wind load experienced by an antenna. Wind load
is a key challenge that antenna vendors wrestle with
to ensure reliability and safety of the antenna and its
tower.

For More
Information
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Asset Tracking Device Shipments Drive loT
Expansion

sset tracking is one of the highest growth
application segments for the Internet of
Things (loT). According to a new report by
ABI Research, asset tracking device shipments will see
a 51 percent year-on-year device shipment growth rate
through 2024. Expanding LPWAN coverage, techno-
logical maturity and the associated miniaturization of
sophisticated devices are key to moving asset track-
ing from traditionally high-value markets to low-value
high volume markets, which will account for most of the
tracker connection and shipment numbers.

"Hardware devices for the asset tracking market are
primarily dominated by the need to balance power
consumption, form factor and device cost. Balance and
compromise between these three must be achieved
based on the use-case and are dictated by the busi-
ness case and possible return on investment for the
customer,” said Tancred Taylor, research analyst at ABI
Research. “As these constraints are marginalized by
greater volumes of adoption, by emerging technolo-
gies like eSIM or system-on-chip and by increasingly
low-power components and connectivity, so too will the
limitations on the business case.”

Expanding technological and network founda-
tions drive the number of use-cases, and OEMs are
responding by diversifying their hardware offerings.
Some OEMs such as CoreKinect, Particle, Mobilogix or
Starcom Systems are innovating in this space by tak-
ing a reference-architecture or modular approach to
device design for personalized solutions. Others such
as BeWhere, Roambee, Sony and FFLY4U are going to
market with off-the-shelf or vertically-focused devices
for quickly scalable deployments.

Early adoption of asset tracking was in the fleet, con-
tainer and logistics industries to provide basic data on
the location and condition of assets in transit. The total
addressable market for these industries remains exten-
sive, particularly as the solutions trickle down from the
largest enterprises to small- and medium-sized compa-
nies. Increased device functionality combined with com-
ponent miniaturization is key to driving the next genera-
tion of low-cost tracking devices. This will enable granular
tracking at the pallet, package or item level and open
new markets and device categories, such as disposable
trackers. Emerson, Sensitech, CoreKinect and Bayer are
among companies driving innovation in this field.

Mobile network operators are playing a significant
role in driving adoption through increased verticalization,
with Verizon, AT&T and Orange among those offering
subscription models for end-to-end solutions—compris-
ing device, connectivity, software and managed service
offerings. This model is additionally gaining traction
among OEMs, with Roambee as an early adopter for a

Visit mwjournal.com for more commercial market news.
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subscription-only model, and others such as Mobilogix
following suit. This service-based model will gain addi-
tional traction as OEMs move down the value-chain by
developing in-house capabilities or partner networks to
simplify the ecosystem and consumer’s solution.

Regional & Global Markets for mmWave
Radios and Transceivers into 5G ‘Xhaul’

ngalco-Research recently released a report
on mmWave radios into 5G xhaul. Accord-
ing to the firm’s Senior Researcher Terry Ed-
wards, “mmWave links are already strategically impor-
tant in many countries worldwide and they have found
that very strong market growth can be expected over
the next eight years and beyond.”
mmWave subsystems are increasingly important for
“xhaul” (mainly backhaul) in 5G base stations. mmWave
radio links can be installed rapidly and in a less costly
manner than (for example) fiber optics. Available band-
widths are much smaller than those of fiber but are emi-
nently suitable for 5G xhaul purposes where information
rates up to and above 10 Mbps are increasingly encoun-
tered. Frequencies range from around 24 to over 90 GHz
and designated bands within this wide range are: K/Ka,

V, E and W. To date most of the interest and activity has
been on the K/Ka-Bands—notably with Verizon in the
U.S., but activity is also increasing for the higher bands.
V-Band (unlicensed and centered on 60 GHz) and the
'lightly-licensed’ E-Band are particularly important.

The report provides data and analysis on total ad-
dressable markets for all classes of mmWave radios
and transceivers into APAC, China, Europe and North
America  from 2020
through 2028. Global to-
tals range from a few $B
in 2020 growing annu-
ally to well exceed $9B
in 2028. Overall CAGR
is 12.6 percent. Regional
contributions vary con-
siderably but the APAC
region leads in most in-
stances.

Thirty five OEMs and network providers are identi-
fied and almost all are profiled, including Aviat Net-
works, BridgeWave, Ceragon, Maja Systems and Siklu.
A total of 40 CSPs are also identified, ranging from A1T-
elekom Austria to Vodafone (U.K.). Profiles are provided
for selected CSPs, those either known to be adopting at
least some mmWave links and some considered likely
to do so.

Strong market growth
forecast for the next

eight years and
beyond.
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Aroundthe Circuit
. Barbara Walsh, Multimedia Staff Editor

COLLABORATIONS

Modelithics announced it is now a member of the
GLOBALFOUNDRIES® (GF®) RFwave™ Partner Pro-
gram. The partnership between GF and Modelithics
will enable mutual clients to accelerate the launch of
new products, based on accurate testing results and
the ready availability of Modelithics to assist GF and its
clients in modeling activities. GF's RFwave program is
an ecosystem of partners that provide unique mmWave
test and characterization capabilities along with design
services, IP and EDA solutions that will enable design-
ers to build highly optimized RF solutions for a range
of wireless applications such as Internet-of-Things (loT),
wireless connectivity, 5G and automotive radar.

Anokiwave Inc. and hiSky have announced a collabo-
ration to enable the next generation of low-cost, voice,
data and loT SATCOM terminals. As part of this col-
laboration, Anokiwave will provide its advanced low-
cost silicon core ICs in Ku- and K/Ka-Band and hiSky
will provide small form factor terminal based phased
array antennas for commercial and industrial applica-
tions. hiSky brings its innovative business models, tech-
nical expertise for implementation of satellite commu-
nication systems, while Anokiwave provides its silicon
beamformer ICs that enable small form factor flat panel
active antennas for SATCOM. hiSky’s Smartellite™ solu-
tions, utilizing Anokiwave ICs, offer an industry leading,
small, portable and cost-effective flat panel satellite ter-
minal for mass market.

Atmosic™ Technologies, an innovator in ultra-low-
power wireless technology for loT, and SMK Elec-
tronics Corp., a global designer and manufacturer of
advanced OEM electronic components, announced a
strategic partnership to integrate Atmosic’s M3 system-
on-chip (SoC) into a range of connected devices from
SMK. These loT solutions, which will include remote
controls and sensors, integrate Atmosic’s Controlled
Energy Harvesting, in addition to the company’s lowest
power radio and on-demand wake-up receiver, to en-
able forever battery life and eliminate the need for bat-
tery replacement. SMK and Atmosic are also working
on an loT module integrated with the Atmosic M2 SoC
for industrial and commercial loT applications.

Automotive technology company Veoneer Inc. and
Qualcomm Technologies Inc. have decided to col-
laborate on the delivery of scalable advanced driver
assistance systems (ADAS), collaborative and autono-
mous driving (AD) solutions powered by Veoneer's
next-generation perception and driving policy software
stack and Qualcomm® Snapdragon Ride™ ADAS/AD
scalable portfolio of SoC and accelerators. This ranges
from L1 to L4 systems uniquely designed to create an
open platform for Tier-1 suppliers and automakers. De-

For More
Information
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signed to address the growing complexities associated
with developing ADAS, including safety compliance,
the integrated software and SoC platform aims to ad-
dress the growing needs of the automotive ecosystem
for scalable and upgradable solutions.

ZTE Corp., in collaboration with MediaTek, have taken
the lead to complete the industry’s first 5G carrier ag-
gregation verification of 700 MHz and 2.6 GHz spec-
trum based on commercial terminal chips in Xi‘an, Chi-
na. Based on ZTE's commercial 5G wireless base sta-
tions and its latest 5G core network equipment, along
with the 5G test terminal featuring MediaTek Dimen-
sity 800U 5G-integrated SoC, ZTE and MediaTek have
verified dual-carrier aggregation of 30 MHz over 700
MHz and 100 MHz over 2.6 GHz, achieving an effective
downlink data throughput of 1.849 Gbps.

ACHIEVEMENTS

Keysight Technologies Inc. announced that Meizu has
selected Keysight's Radio Frequency Automation Tool-
set to validate enhanced mobile broadband (eMBB)
performance critical in delivering multimedia applica-
tions in 5G smartphones. Meizu, a Chinese smartphone
designer and producer, selected Keysight's 5G device
test solutions to address a growing global 5G market.
These solutions, based on Keysight's UXM 5G Wire-
less Test Platform, enable Meizu to verify 5G devices
across the workflow, from early R&D to design verifica-
tion, conformance validation and manufacturing. Meizu
relies on 5G new radio standalone mode to support
applications and connectivity capabilities used by con-
sumers and industry verticals, such as manufacturing,
logistics, transportation and gaming.

HUBER+SUHNER has announced the release of its new
SENCITY positive train control (PTC) antenna which
boasts the highest number of heavy-rail certifications in
the industry. Deployed throughout the U.S., PTC sys-
tems are designed to monitor and, if necessary, take
control of railway vehicles to provide railway operators
with increased safety. The new SENCITY PTC antenna
offers advanced features such as high voltage and high
current protection, added protection for the antenna
and RF path from catenary line strikes which can de-
stroy electronic devices. The antenna meets the highest
requirements for mechanical robustness and fire safety
according to the EN 50155 and NFPA-130 standards.

Inc. Magazine revealed Guerrilla RF is No. 421 on its
annual Inc. 5000 list, a prestigious ranking of the nation’s
fastest-growing private companies. The list represents
a unique look at the most successful companies within
the American economy’s most dynamic segment—its
independent small businesses. Intuit, Zappos, Under
Armour, Microsoft, Patagonia and many other well-
known names gained their first national exposure as
honorees on the Inc. 5000. Not only have the compa-
nies on the 2020 Inc. 5000 been very competitive within
their markets, but the list as a whole shows staggering
growth compared with prior lists as well.

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

The U.S. Air Force awarded Booz Allen Hamilton one
of several positions on an indefinite-delivery, indefinite-
quantity contract valued at $950 million to support de-
velopment of the Advanced Battle Management Sys-
tem (ABMS) which will enable rapid decision making
and all-domain command and control. Part of the De-
partment of Defense’s Joint All-Domain Command and
Control (JADC2) concept, ABMS aims to enable all ser-
vices to operate together as part of a joint team—con-
necting sensors, decision makers and weapons through
a secure data network to engage across multiple do-
mains more effectively.

Ameresco Inc. announced that the U.S. Army has
awarded to Duke Energy and Ameresco’s Federal So-
lutions Group a utility energy service contract to imple-
ment power generation and facility efficiency improve-
ments at Fort Bragg. In partnership with Duke Energy,
Ameresco will deploy a 1.1 megawatt (MW) floating so-
lar photovoltaic (PV) system on the Big Muddy Lake at
Camp Mackall. A 2 MW battery energy storage system
will provide seamless transition to on-site generation
during utility provider outages. Under the $36 million
design-build contract, Duke secures third-party financ-
ing to fund construction, and the U.S. Army pays down
the financing annually with the utility savings that the
project generates over the term of the contract.

PEOPLE

Cobham Advanced Electronic Solu-
tions announced the appointment of
Mike Kahn as chief executive officer
(CEO) effective immediately. Kahn
takes over for Shawn Black, who is
leaving the business to pursue other
opportunities. Kahn has held a num-
ber of senior positions within the
aerospace and defense industry, and
most recently served as the sector VP
and general manager for Weapon Systems at Northrop
Grumman, following the acquisition of Orbital ATK
where he was president of Defense Systems. During his
nearly 40 years in aerospace and defense, Kahn has
been the recipient of numerous awards and is widely
recognized as a leader within the sector.

A Mike Kahn

Hitachi Cable America (HCA), a manu-
§ facturer of premise, fiber optic and spe-
cialty cables, announced the addition of
4 Tom Artinian as executive vice presi-
dent, Performance Cable Systems and
Materials Division effective immediate-
ly. Artinian joins HCA from Southwire
Canada where he served as vice presi-
A Tom Artinian dent  of sales. With over 22
years of experience in the wire and ca-
ble industry, his career has evolved in leadership roles in
both Canada and the U.S. In this role, Artinian will oversee
all facets of operations for HCA's Performance Cable Sys-
tems and Materials Division located in Manchester, N.H.

Broader Bandwidth With HASCO'’s Double-Balanced Mixers

o Ultra-Low Capacitance, Zero-Biased Schottky Diode Design
e Beam-Lead Diode Design Offers Broader Bandwidth Over MMICs

¢ Double-Balanced Mixers

o Extremely Wide IF

o RF and LO Waveguide Ports
o |[F SMA Port

o Lower-Power LO Mixer

HASCO double balanced mixers offer superior performance
over MMIC mixers due to their Zero-Biased-Schottky beam
lead diode design. The WR-10, WR-12 and WR-15 full-band

Frequencies Available:

o WR-10: W-Band, 75 to 110 GHz

double balanced mixers generate an extremely wide IF while maintaining

a low LO power. These HASCO waveguide mixers are capable of operating

as either an upconverter or a downconverter.

HASCO Components

Phone +1 (888) 498-3242
sales@hasco-inc.com
www.hasco-inc.com/mmwave-mixers

¢ WR-12: E-Band, 60 to 90 GHz
e WR-15: V-Band, 50 to 75 GHz

Same-Day Shipping
Components In Stock
Custom Applications
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Aroundthe Circuit

pSemi Corp. announced that Vikas
Choudhary has joined the company
as vice president of sales and market-
ing. Choudhary will lead pSemi’s
worldwide sales, applications engi-
neering, marketing and marketing
communications teams, and he will
A Vikas Choudhary D€ responsible for driving pSemi's
unique RF, power and sensor prod-
ucts into existing and emerging markets. Choudhary
has more than 25 years of broad experience in the glob-
al semiconductor, IC, hardware architecture and sys-
tems engineering industries. He has held numerous
leadership positions of progressive responsibility while
heading marketing, engineering and strategy spanning
eMobility and inertial sensors at Analog Devices. He
was instrumental in establishing a R&D center for PMC
Sierra India as a country manager.

Filtronic announced that it has
strengthened its commercial team with
the appointment of Fin Farrelly as
marketing manager. Farrelly has
worked in a number of marketing and
business development roles for engi-
neering and manufacturing compa-
nies, most recently for a company in
the complex structural steel fabrication
market that specializes in bridges for
the highways and rail sectors. Based at Filtronic's facility
in Sedgefield, U.K., Farrelly will work closely with the
sales team, establishing the marketing strategy that will
drive the next stage of market development, and helping
to strengthen the Filtronic brand through marketing
communications and digital growth.

A Fin Farrelly

Richardson Electronics Ltd. an-
nounced the addition of two new field
sales engineers in the western U.S. for
the Power & Microwave Technologies
Group. Bill Nicklin brings vast experi-
ence in RF and microwave design and
sales to his new role at Richardson
Electronics. He will be responsible for
growing  business in  Northern
California and the Pacific Northwest.
With a degree in engineering geophysics and a decade
of engineering experience, Cambrey Cammon moved
into sales and management roles in the Colorado area.
She successfully designed in RF and other components
from companies including MACOM and Infineon.

A Bill Nicklin

RFMW announced the addition of a
new field sales representative in the
Midwest; Bob Chaidez will be sup-
porting the growing Midwest territory
and focusing on major accounts in the
region. In this new position, Chaidez
will  focus on major accounts
allowing RFMW's Midwest team to be

more effective covering the large geographic territory.

L
A Bob Chaidez
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Aroundthe Circuit

Chaidez previously held a position at Tech-Tron Sales, a
manufacturer’s representative organization in Schaum-
burg, Ill., as a field sales representative. Chaidez has
also worked at prestigious RF/microwave representa-
tive firms Cain-Forlaw and Beacon Electronics where his
experience with the industry, customers and markets
honed his sales acumen.

REP APPOINTMENTS

AR RF/Microwave Instrumentation has played a
major role in the success of companies in China. AR
provides total RF test solutions by offering custom-
ers RF test instrumentation, RF test systems, EMC test
software and chambers. In addition to the complete
array of products comes world class customer service
and application support. From calibration and regular
maintenance, to troubleshooting and repairs, you can
depend on AR. Their local representative for China
is Yifeng Tech Co. Ltd. Representing AR for Sales &
Service is, General Manager/CEO Alvin Li, alvin_li@
yifengtech.com.cn +86 10 6788 6078 / 6789 1690,
www.yifengtech.com.cn.

Rogers Corp.'s Advanced Connectivity Solutions
(ACS) business announced the introduction of a new
distribution channel in North America with the addition
of Bonding Source, a Krayden Company, to their sales
and service team effective immediately. ACS provides
global customers with market-leading high perfor-
mance and high reliability RF material solutions. Bond-
ing Source has built a reputation as a global source for
microelectronics and RF/microwave materials servicing
defense, satellite, aerospace and a range of electronics
markets. Bonding Source differentiates itself by working
with customers to forecast needs and stocks material to
offer immediate delivery with no minimum quantities,
excellent customer service and unparalleled technical
support.

PLACES

NAI, a designer and manufacturer of custom intercon-
nect solutions that deliver power and signals to monitor
data, connect people and keep equipment operating,
has announced the opening of a new customer support
solutions center in Penang, Malaysia. This new solu-
tions center has been created to provide quick-response
support to NAl's customer base in the Southeast Asia
region. This local presence allows for face-to-face com-
munication between NAI engineers and customers. The
new solutions center, which has also been referred to as
a Center of Excellence, will be manned by application
engineers and technicians and is expected to be opera-
tional in September 2020.
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Analyzing the VSWR
Withstand Capability of a
Balanced Amplifier

John Walker and James Custer
Integra Technologies, El Segundo, Calif.

Malcolm Edwards

Cadence, El Segundo, Calif.

It is shown both theoretically and by simulation that a balanced amplifier has a lower VSWR
withstand capability than that of the transistors used in its construction, meaning the maximum
VSWR before the transistor will fail or its reliability degraded. A revised VSWR withstand
capability should be adopted for a balanced amplifier to prevent device failure.

48

igh power amplifiers often require
the combining of multiple transis-
tors. This can be done using in-
phase combining with Wilkinson
or Gysel combiners, anti-phase combining
(i.e., push-pull) with baluns or quadrature
combining (i.e., balanced amplifiers) with
quadrature or hybrid couplers (e.g., branch-
line or Lange). The combining structure de-
termines the amplifier’s ability to withstand
large VSWR mismatches, which affects the
amplifier's ruggedness and reliability. Other
methods may be used for power combining,
in addition to the three noted above, such as
serial combining? and traveling-wave com-
bining,2 but these are seldom, if ever, used
when combining just two transistors.
In-phase combining provides the same
VSWR withstand capability as for each indi-
vidual transistor, disregarding losses through
the combiner. Considering the fundamental
properties of the scattering matrix of a loss-
less, reciprocal, three-port network, such as
a balun, a push-pull amplifier also has the
same VSWR withstand capability as the in-
dividual transistors. The situation for a bal-
anced amplifier, however, is more complex
and is the focus of this article.

IMPACT OF VSWR

A balanced amplifier consists of two iden-
tical amplifiers operated in-phase quadra-
ture. A quadrature coupler or splitter cre-
ates a 90 degree phase difference between
the signals applied to the two amplifiers. A
second quadrature coupler at the output re-
moves this phase differential, so the ampli-
fier outputs combine in phase. One of the
advantages of a balanced amplifier is it pro-
vides excellent VSWR at the external termi-
nals, even if the two internal amplifiers have
poor terminal VSWRs.

This article examines the converse prob-
lem, namely determining the VSWR pre-
sented to the two internal amplifiers—hence
transistors—when a mismatch is presented
at the amplifier's external port. An analytical
calculation is made of the VSWR presented
to the active devices of a balanced amplifier,
and the results are verified through simula-
tion using Cadence® AWR Design Environ-
ment® software. In the presence of a mis-
match at the amplifier output, one amplifier
or transistor, sees an improved VSWR and
the other is subjected to a larger mismatch.
From a priori knowledge of the transistor’s
VSWR withstand capability, one can deter-
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A Fig. 1 Different physical and
electronic loads seen by an amplifier.

mine the impact of impedance mis-
match on the ruggedness and reli-
ability of the balanced amplifier.

PREVIOUS WORK

Determining the VSWR present-
ed to the two internal amplifiers
when a mismatch is presented at
the balanced amplifier's external
port has been previously consid-
ered by both Cripps* and Raab.>
Cripps’ analysis remains unpub-
lished while Raab used a combina-
tion of a Ruthroff transformer and a
balun to create a quadrature hybrid,
a concept probably unfamiliar to
most microwave engineers. Raab's
and Cripps's analyses, however, are
in total agreement with the results

S
Hp

presented here.
The  problem
was  considered
more recently by
Jung et al. How- | RF
ever, their analysis ip
calculates the value
of the physical load
that each internal
amplifier sees, not
the value of the

Dummy
Load
50 0

electronic load; so
their analysis can-
not determine the
VSWR  withstand
capability of a bal-

50 Q

anced  amplifier.
The significance is
illustrated in Figure 1. Each current
generator sees a physical load of 1
Q, but the voltage across the resistor
is 2 V. Hence, each current genera-
tor sees an electronic load of 2 Q,
rather than 1 Q. In the case of the
balanced amplifier (see Figure 2),
it is essential to calculate the load
seen by each amplifier while both
amplifiers are simultaneously in-
jecting current into the coupler,
i.e., the electronic load.

A Fig. 2 Balanced amplifier.

MEASUREMENT OF VSWR
WITHSTAND CAPABILITY

The traditional method of mea-
suring VSWR withstand capability
is to steadily increase the RF input
power to the transistor in a test
fixture until the RF output power
reaches its full rated value. The load
is then replaced with an attenuator
terminated in a short circuit and pre-
ceded by an adjustable transmis-
sion line stretcher or suitable phase

COST-EFFECTIVE
HERMETIC MICRO D CONNECTORS

Standard 9 to 51 pin configurations available
or let us design to your custom requirements

SPECIAL HERMETIC PRODUCTS, INC.

Hi-Rel By Design

CONTACT US TODAY

(P) 603-654-2002 (F) 603-654-2533
www.shp-seals.com email: sales@shp-seals.com

CERTIFIED ISO 9001:2008

50

Content is copyright protected and provided for personal use only - not for repromgﬂ& I{Etéad}&n.lis%i?&;m 2020
For reprints please contact the Publisher. ’




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 performance
frequency extension of vector network analyzers
from 26GHz to 1.5THz. These modules combine

! ] ; : Waveguide Band WR28 WRI5 WRI2 WRID WRB WRGS5 WRS.] WRA3 WR34 WR2B WR22 WRLS WR1O
high test port power with exceptional dynamic  (GHz) 2640 5075 B0-90 75110 90-140 110-170 140-220 170-260 220-330 260-400 330-500 500750 750-1,100
range and unmatched stability. 5 e

(BW=10Hz, d8, typ) 120 120 120 120 120 120 120 115 115 100 110 1m0 B5
(BW=10Hz, dB, min) 110 110 110 110 110 110 110 110 105 80 100 80 45

VOI's mini-modules are reduced in size, but yield
the same industry leading performance as our  Magnitude Stability

original desians. The compact form factor and (+08) 01s 015 ois 015  01s 0.25 025 0.3 o3 0s 05 0.4 0s
simplified power supply make them the recom-  Phase Stabiity

- : . [+deg) 2 - ] r 2 4 4 4 B B 1] 4 B
mended solution for most applications. =4 = =
Test Port Power
(d8m) 13 13 13 18 B 13 6 e 1 -10 -3 -25 -30

Mini-modules are currently available in standard
waveguide bands for 26GHz to 500GHz with
higher freguency bands under development.

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

. . . v?diodes.com, L.
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Line Stretcher

RF -—
50 0

Variable
Attenuator

A Fig. 3 Setup for measuring the VSWR withstand capability
of an amplifier.

shifter (see Figure
3). The line stretch-
er is adjusted to
sweep the phase
of the load through
360 degrees. The
attenuation is then
reduced in stages
and the process
repeated until the
transistor fails.
Strictly  speaking,
this method mea-

-
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CUSTOM RF/MICROWAVE FILTERS

Miniature SMT,
Cavity Filters,
available from
5.0 to 25 GHz

Nano, SMT
Filters, 40 MHz
10 6.0 GHz, in
LC and Ceramic
Topologies

Filters, available
from 5.0 GHz to
27 GHz

%? \3\ Communication
= Systems
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When an off-the-shelf filter could compromise your mission, call on
the support of 3H Communication Systems. 3H specializes in high-
performance custom RF/microwave filter solutions from DC to 50GHz.

e Extensive experience with defense and prime contractors

e Cavity, Lumped Component and Ceramic topologies,
connectorized and/or SMT formats; printed, suspended
substrate, switch filter banks and multi-function assemblies

¢ 1S09001:2015 certified facilities; 5-year product warranty

Miniature Filters,
Mil-Std-202;
compliant with
RoHS or NON-
RoHS options.

Talk to one of our engineers.

Call 949.529.1583 or visit
3HCommunicationSystems.com.

sures the VSWR withstand capability
of the transistor in its particular test
fixture, including any losses from
the test fixture’s output matching
network. As the losses in the output
network are normally minimized to
maximize amplifier efficiency and
output power, this method does
actually determine the VSWR with-
stand capability of the transistor to
a good approximation. The VSWR
withstand capability is quoted with
reference to a 50 O load and not the
load impedance the transistor sees.

An alternative method of mea-
suring VSWR  withstand capabil-
ity more suitable for a production
environment is to insert at least a
wavelength long slot line between
the test fixture and the load, then
insert a quarter-wave impedance
transformer—commonly  referred
to as a slug—which can be slid
along the length of the slot line.

(b)

A Fig. 4 3:1 VSWR slug (a) and 2:1 and
5:1 slugs cascaded \/4 apart to present
10:1 VSWR (b).

D =
—

A Fig. 5 Equivalent network seen by
the two amplifiers.
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Amplifiers - Solid State

Attenuators - Variable/
Programmable

Bi-Phase Modulators

Couplers (Quadrature, 180,
Directional)

Detectors - RF / Microwave

DLVAs, ERDLVAs &
SDLVAs

Filters & Switched Filter
Banks

Form, Fit, Functional
Products & Services

Frequency Converters
Frequency Sources

Frequency Discriminators
& IFM

Frequency Synthesizers
Gain & Loss Equalizers

Integrated MIC/MMIC
Assemblies (IMAs)

IQ Vector Modulators
Limiters - RF / Microwave

Log Amps

Miscellaneous Products
Monopulse Comparators

Multifunction Integrated
Assemblies (IMAs)

Phase Shifters & Bi-Phase
Modulators

Power Dividers/Combiners
(Passive & Active)

Pulse Modulators - SP1T

Rack & Chassis Mount
Products

Receiver Front Ends &
Transceivers

Single Side Band
Modulators

SMT & QFN Products
Switch Matrices
Switch Filter Banks
Switches - Solid-State

Systems - Radar Sense &
Avoid

Systems - Fly Eye Radar
Threshold Detectors
USB Products
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Planar Monolithics Industries, Inc.
Gain & Loss Equalizers

PMI offers a wide range of RF and Microwave Gain & Loss Equalizer
products that operate from DC up to 40 GHz. PMI offers many standard
models with various options that are available at:
https://www.pmi-rf.com/categories/gain-equalizers

EQL-DC20-3-SFF
EQL-DC40-6-292FF
EQL-DC40-10-292FF

EQL-17D5G21D5G+4DB-292MF EQL-17D6G21D6G-2DB-292MF
EQL-17D5G21D5G+8DB-292MF EQL-17D6G21D6G-4DB-292MF
EQL-17D5G21D5G+10DB-292MF  EQL-17D6G21D6G-8DB-292MF

EQL-17D6G21D6G-10DB-292MF
EQL-26D5G40G-1D5DB-292MF

2-IN-1 - Dual Use Connectorized or Surface Mount

Frequency Maximum Insertion

Slope Size (Inches)

PMI Model No. Range Input Loss VSWR

(GHz) Power (dB) (dB) Connectors
EQL-DC20-3-SFF . , ., .
https://www.pmi-rf.com/product- DC - 20 1WCew 0.5 +3.0 ﬁ‘u '¥'a" %z‘; (’;;) g:m’;‘f’él?e
details/eql-dc20-3-sff e yp
EQL-DC40-6-292FF . ., .
https://www.pmi-rf.com/product- DC -40 1WCw 2.5 +6.0 11 86 11 “.:.Iax 2%25;;(%flge:|gcasble
details/eql-dc40-6-292ff ye | &
EQL-DC40-10-292FF . . ; .
https://lwww.pmi-rf.com/product- DC - 40 1WCwW 2.0 +10.0 1%1 I\Tllax 2%25:1;(%)5Ige:12:a8ble
details/eql-dc40-10-292ff AL
EQL-17D5G21D5G+4DB-292MF 1'2132;:"%': &f)z
https://www.pmi-rf.com/product- 17.5-21.5 0.5WCW 2.0 +4.0 2.0:1 Max . 2
details/eql-17d5g21d5g-4db-292mf Z2nmigemalell2)

q gs1dog 2.92mm (M/F) Removable
EQL-17D5G21D5G+8DB-292MF 1'2132;3]"33': 2]?)2
https://www.pmi-rf.com/product- 17.5-21.5 0.5WCW 2.0 +8.0 2.0:1 Max . 4
details/eql-17d5g21d5g-8db-292mf 2.92mm Female (J2)

q g21d>g 2.92mm (M/F) Removable
EQL-17D5G21D5G+10DB-292MF 1'2132;:%“: &f)z
https://www.pmi-rf.com/product- 17.5-21.5 | 0.5WCW 2.0 +10.0 | 2.0:1 Max . .
details/eql-17d5g21d5g-10db-292mf 22Znmikemalc((C2)

2.92mm (M/F) Removable
EQL-17D6G21D6G-2DB-292MF 1'2132;:1'%,: &f)z
https://lwww.pmi-rf.com/product- 17.6 -21.6 0.5WCW 2.0 -2.0 2.0:1 Max . .
details/eql-17d6g21d6g-2db-292mf1 2:92mm Female (J2)

2.92mm (M/F) Removable
EQL-17D6G21D6G-4DB-292MF 1'2132;,:'%,: &f)z
https://www.pmi-rf.com/product- 17.6 -21.6 0.5WCW 2.0 -4.0 2.0:1 Max . .
details/eql-17d6g21d6g-4db-292mf1 Zo2nmikemsll2)

q g<1dbg 2.92mm (M/F) Removable
EQL-17D6G21D6G-8DB-292MF 1'213;:"?1'(3;: (oJf)z
https://www.pmi-rf.com/product- 17.6 -21.6 0.5WCW 2.0 -8.0 2.0:1 Max . .
details/eql-17d6g21d6g-8db-292mf1 2.92mm Female (J2)

a g<1dog 2.92mm (M/F) Removable
EQL-17D6G21D6G-10DB-292MF 1'2132':::;';': &f)z
https://www.pmi-rf.com/product- 17.6 - 21.6 0.5WCW 2.0 -10.0 2.0:1 Max o 2
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The slug is created by inserting
an appropriate length section of
dielectric between the center and
ground conductors (see Figure
4a). The thickness and dielectric
constant are chosen to give the re-
quired VSWR mismatch; for exam-
ple, a slug with 2:1 mismatch has
an impedance of 35 Q.

For normal testing of power, ef-
ficiency and gain, the slug is not
inserted and the small residual loss
of the air filled slot line is calibrated
out. The advantage of this measure-
ment method is that no dismantling
and reconstruction of the test bench
is required, and VSWR withstand
testing can be incorporated as a

standard part of production test-
ing. Figure 4b shows an Integra L-
Band GaN transistor being tested
for VSWR withstand with a 10:1
mismatch, created by cascading
2:1 and 5:1 slugs spaced a quarter
wavelength apart.

These two techniques are not
equivalent. In the first method, the
mismatch presented to the transis-
tor is constant at all frequencies. In
the second, the same mismatch is
presented at the fundamental and
all odd harmonics, buta 50 Q load is
presented at the even harmonics. In
most situations of practical interest,
the two techniques give essentially
the same result.

BALANCED AMPLIFIER VSWR
WITHSTAND CAPABILITY

The scattering matrix (S-matrix)
of an ideal quadrature coupler at
band center is given by

010 -

O B )
J2| 0 ) 0 1
o010

where the port numbers of the hy-
brid coupler are defined in Figure 2.
For a balanced amplifier, the two
internal amplifiers see a two-port
network formed by the directional
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Powerdy ﬂﬂm 10°LOG 10{PowerAw _mW) VCCS
PowerAy_dBm: 30 D=2 Zow: 1207 f;gm m;;ﬁ
M=0028 Wi PRGEE Zoa: 2011 VarName="Mag1” VarName="Ang1"
::E!?ﬂ‘ghm |GV Devics 1 |.METER Values=swpstp{0.0.5 0 05) Valuss=swpstp(0.180.7 §)
= = iD=_Device_1
cLNP RA2=0 Ohm ﬂ Xa . . . ¥n Xe .« . . Xa
1D=TLY T e -t
ZE=Zoe Ohm 9 =
20200 Ohm - -
B I;:;z-? 874 mm Magi=02 Angia4s
P=t KO=1
M_PROBE
I'R_ﬂ Ohm AE=0 J]:IL ID=V_Intemal_Load gurUEH
- T OEL D fato
2250 Ohm Ang=Ang! Deg
vees 20%50 Ohm il ERORE
E’ﬁz " "EL I0=Vioad
=
1_PROBE o ¢
onr ol WIS, MED+—=
=50 OR@=0 Ohm
F=0 MHz e PORT
T=0 ns ", Fa—\ oy
= - '_{I = 20200 Ohm 50 Obisa
: =) =299 8/4 mm
Ri e KE=1
3 I_METER KO=1
D=1_Device_2 AE=0
= = AD=0
A Fig. 6 Simulating an ideal balanced amplifier with swept load impedance
~e-Egn{gamma_Dev_1)
impedance Calcuiations CLI Swp Max
= Egn{gamma_Dev_2) 1000MHz
Impedance Calculations CLI b =
[ Eqnigamma_Dev.
€ VEWR_CIR(2.3) y 2 -rq;u.-u cumums cume b
/ o Q (-3 [gamimia_| " "\
— VESWR_CIR(S) o % e o *Ergunc&msam W
? % \
3 b \
5 ]rlnad | =0.51 %
LS £ |4 SWept 170, 175 °, 180"
» 'I“ g
: IT joaa | =0-39 <
h " -
LT |4aq : sWept 0-90° g I
2 | > £F 54t swept0°, 5%, 10° i
\ 4 ’H -.‘
mi1: \ /
1000 MHz N /
Mag 0.6383 % P
Ang 180 Deg Py
b s
v/ Swi Mg
1000MHz

A Fig. 7 Reflection coefficient seen by the two transistors
= 0.39 and swept ZI'L from 0 to 180 degrees.
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A Fig. 8 Negative resistance at the transistor ports for [}
>0.50 and swept 2 I'L <10 degrees or >170 degrees.
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coupler, with port 2 terminated in a
50 Q load, providing a reflection co-
efficient of I = 0, and port 4 termi-
nated in a variable load with a re-
flection coefficient of I' = I'|. The
two-port network has a scattering
matrix given by

_Of

O=71 5 1

2)

The S-matrix of equation (2) can be
converted to a Z matrix, given by

The Future of Radarg
with RFHIC's GalNl Solid-State

RWP2060050-48

-1,
=T

-y

=20 14T,

(3)

At band center, the two amplifiers
see the simple equivalent two-port
network shown in Figure 5, where
the element values are given by

Zpn=Zo(1-T +j0y)

Zg ==jZolL
Zc=Zo(1+TL+jIL)

“ Value Engineering,

we are RFHIC Corporation.
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To this point, no assumption is
made about the amplitude or phase
relationship of the signals applied
to ports 1 and 3 in Figure 5. If the
amplifiers are assumed ideal and
consist of just a current generator,
as shown in Figure 2, the electronic
load seen by the two transistors is
given by

z (5)

electronic load =

Zo(1£21))

which, when expressed as a reflec-
tion coefficient, is given by

+T,

Lelectronic = 14T
=1L

(6)

Consequently, while one transistor
sees an improved VSWR, the other
sees a worse VSWR.

To demonstrate the impact of the
electronic load on amplifier rugged-
ness and reliability, consider a bal-
anced amplifier with each transistor
having a VSWR withstand capability
of 5:1, i.e., [T gjectronicl = 0.66. From
equation 6, the maximum VSWR
withstand capability of the balanced
amplifier at the load port is only
2.3:1,i.e., |T| = 0.39.

These results are verified using
circuit simulation with an ideal hy-
brid coupler model and voltage-
controlled current source models to
represent the balanced amplifier in a
virtual test setup with a variable load
impedance, typically used in load-
pull simulations. Figure 6 shows the
simulation schematic in the AWR®
Microwave Office® circuit simulator.
Figure 7 shows the reflection coeffi-
cient seen by the two transistors. The
magnitude of the reflection coeffi-
cient at the load is fixed at a gamma
equivalent to a 2.3:1 VSWR, while
the phase is varied from 0 to 180 de-
grees in 7.5 degree increments. The
simulation agrees with the theory
predicted by equation 6.

With a mismatch, one of the
transistors will experience a higher
mismatch than seen at the output
to the balanced amplifier, potential-
ly exceeding the transistor's VSWR
withstand rating for maximum pow-
er output. From equation 5, if the
external mismatch exceeds 3:1 (i.e.,
II'| = 0.5), one of the transistors may
see a negative resistance depend-
ing on the phase of I'| (see Figure
8). While a mathematically correct
deduction, this will not arise in prac-
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A Fig. 9 Simulating a balanced amplifier using the IGN2729M200 devices.

lustrate the prob-

lem. The analysis
is repeated using
real amplifier and
transistor  models.
The IGN2729M200
isa 2.7 to 2.9 GHz
transistor  capable
of delivering 200
W output power
over this frequency
range with a 100 ps
pulse length and 10
percent duty cycle.
Integra’s full nonlin-
ear electrothermal
model for this de-
vice was used and
embedded within a
Swp Min model for the input
5 and output match-

Swp Max
2.8e+09

ing networks of the

A Fig. 10 VSWR circle and loads seen by each side of the
balanced amplifier under a 5:1 output mismatch, as the phase
of the external mismatch is rotated through 180 degrees.

tice unless the transistor can survive
an infinite VSWR mismatch, as the
transistor will already have failed at
a lower value of external VSWR mis-
match. However, one of the transis-
tors may see a negative resistance
under small-signal conditions in the
presence of an external mismatch,
which may cause instability.

REALISTIC TRANSISTOR MODEL

The previous analysis uses a simple
model for the transistor and amplifier,
resulting in a simple expression to il-

58

two amplifiers. The
quadrature coupler
is assumed to be an
ideal lossless device
with a center frequency of 2.8 GHz.
Figure 9 shows the Microwave Of-
fice circuit schematic, which may be
compared with the simplified model
shown in Figure 6.

Figure 10 shows the reflection
coefficient seen by the two inter-
nal amplifiers as the phase is swept
from 0 to 180 degrees and a 5:1
VSWR mismatch is applied to the
balanced amplifier's output port. As
before, one amplifier or transistor
sees an improved mismatch while
the other sees a considerably worse

mismatch—in this case as high as
10:1 at some phases of the external
mismatch.

CONCLUSION
In this article, the VSWR with-

stand capability of a balanced am-
plifier was calculated and verified
through simulation, showing a bal-
anced amplifier has a lower VSWR
withstand capability than the indi-
vidual transistors used in its con-
struction. This should be accounted
for in the design of a balanced am-
plifier to prevent device failure.l

I
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Demystifying Popular
Waveguide Antennas for

mmWave Applications

B

Peter McNell

Pasternack, Irvine, Calif.

n the past, the vast mmWave

spectrum was used sparingly,

compared to today’s onslaught

of new mmWave applica-
tions: the recent WiGig standard
(802.11ad) in the 60 GHz ISM band,
the many new 5G mmWave fre-
quency allocations, Ka-Band and
beyond space transponders for
higher satellite capacity and many
new radar applications, including
77 to 79 GHz automotive radar.
Although many of these use cas-
es use planar antenna structures,
waveguide antennas are critical for
system characterization, and wave-
guide antennas are used in radar,
point-to-point communications and
many more applications. While a

\//A

A Fig. 1 Corner reflectors scatter a
signal back toward the source.

60

library of literature is dedicated to
the theory behind these antennas,
this article provides a general dis-
cussion, intended to be useful when
considering the range options for
various applications.

CORNER REFLECTORS

Corner reflectors function on the
principle that incident electromag-
netic (EM) waves reflect off conduc-
tive sheets in a direction parallel
to the incident beam and with the
same polarization as the incident

TABLE 1
APPROXIMATE RCS OF SIMPLE OBJECTS?2
Object Orientation RCS Symbol
Sphere Any o’ a = Radius
4 S
Cone Axial ?tan 0 6 = Cone Half Angle
1y
) : = Apex Radius of
Paraboloid Axial TCOLZ d Cpueréatta,lrelus °©
% L = Length
Cylinder Normal to Axis 2nl"a a = Radius
A \ = Wavelength
: 8na’b? a, b = Length of Side
Dihedral MEEIIUm —— ' °
Direction NE \ = Wavelength
S NEsdrm 4rot a = Length of Edge
edra Direction 2 X = Wavelenath
30 aveleng
. Maximum 12n0t a = Length of Edge
Square Trihedral Directi
irection 22 \ = Wavelength
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TABLE 2
WAVEGUIDE ANTENNA PARAMETERS3
Horn Antenna Type Gain (dBi) Horizontal/Vertical
Orientation Beamwidth (°)
& ;_(',‘,- Pyramidal 10 to 25 9 to 55
- —
. ?‘ 2 ’ Conical 10 to 25 9 to 55
L
-~ -
tee o
s
.&, : Sectoral Oto b 45 to 180
m \ Horn Lens 32to0 40 1to4
@‘ A Scalar Feed 10t0 17 2510 55
<. Probe Waveguide ~6 60to 115
LI
Tha
« . '| Omnidirectional Oto7.5 30 to 360

wave. This, in effect, reduces the
cost of a radar or communications
system, as signal transmission does
not require a power supply or any
additional components often found
in a transmission chain (e.g., mixer,
LO, amplifiers, filters, converters).
The corner reflecting antenna
can either be in a dihedral or trihe-
dral configuration. In the dihedral
topology (see Figure 1), two highly
reflective plates are perpendicular
to one another and scatter a signal
back toward the source, increasing
the radar cross section (RCS). Fol-
lowing the same logic, a trihedral
antenna structure uses three reflec-

62

tive surfaces joined at right angles.
In this case, a reflected wave can
theoretically arrive from any direc-
tion and still be returned directly
back toward its source.

This is particularly useful in point-
to-point marine navigation, where
ships can accurately determine their
relative positions from an interroga-
tion via precisely placed reflectors,
known as monostatic scattering.’
The backscatter cross section is
straightforward to determine due
to the simple geometries of the cor-
ner reflectors. In this way, the RCS
remains high over a wide range
of incoming wave angles. Table

1 shows the approximate RCS of
some obijects in the resonance re-
gion, where the dimensions of the
object are large compared with the
wavelength of the signal. In these
cases, the RCS can be approximat-
ed by the product of the effective
gain of the object and its physical
area.2 For example, the RCS for a
triangle reflector at 30 GHz (\ = 10
mm) and a corner length of 6 in. is
about 22 m2.

APERTURE ANTENNAS

Aperture antennas are particular-
ly useful in aerospace applications,
as they can be flush with the skin of
an aircraft or spacecraft. These an-
tennas provide gradual transitions
from the radio and transmission
lines or waveguide to free space,
with impedance matching between
the aperture and the waveguide, as
well as between the aperture and
free space. Table 2 shows the gain
and beamwidth of some common
waveguide aperture antennas.

The horn antenna is a popular
choice for high gain and directiv-
ity for radar and mmWave applica-
tions. It has a large aperture tapered
at one end with a waveguide flange
to connect to the antenna feed.
Variants of the horn antenna include
pyramidal, sectoral, conical, scalar
(exponential), corrugated, gain and
feed. The horn acts as a guiding
system from the waveguide mode
to free space, where the axial length
and aperture can be adjusted for
optimal gain and directivity.

The EM field is determined by
solving Maxwell’s equations to sat-
isfy the boundary conditions at the
conducting walls of the horn for
the fundamental and higher order
modes. The horn should be con-
sidered separately, versus apply-

A Fig. 2 Radiation from a horn
antenna.4
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ing waveguide aperture antenna
theory, as phase errors occur from
the difference between the length

along the center of the feed versus
the length to the horn edge (see
Figure 2). The field lines shift from

(@) (b) (c)

A Fig. 3 Rectangular horn antennas: pyramidal (a), H-plane sectoral (b) and E-plane

sectoral (c).
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the dominant mode planar wave
to a curved wave front, where the
path difference between the curved
wave front and the ideal plane wave
creates a phase difference or error
that must be addressed mathemati-
cally.# Approximations for radiation
patterns, given antenna dimen-
sions, have been developed for
various horn antennas; using them,
the antenna gain can be closely
matched to calculations, assuming
precise manufacturing.

In the waveguide-to-horn transi-
tion, the plane EM wave front (TE;
or TEy; for rectangular waveguide)
shifts to a curved wave. This wave
front—cylindrical for a sectoral horn
and spherical for a conical horn
—emanates from the horn, and
the flaring imparts directionality: a
wider flare provides a wider beam-
width and lower gain, compared to
a smaller flare with higher gain due
to the smaller beamwidth and more
focused beam.

For a sectoral horn (see Figure
3), a fan-shaped beam is generated
in the plane containing the flare.
Generally, rectangular horn anten-
nas such as pyramidal and rectangu-
lar have the downside of significant
sidelobes, and the abrupt transition
from waveguide to flare predomi-
nantly contributes to the overall re-
flection coefficient. This leads to us-
ing nonlinear flaring configurations
(i.e., a soft horn), such as corruga-
tions, dielectric wall linears or strips
laid out transverse to the direction
of propagation of the EM field.

Conical Gain Horns

The conical gain horn antenna
generally has a much narrower
bandwidth compared with its rect-
angular counterparts; however, be-
cause of its axial symmetry, the coni-
cal horn can handle any polarization
of the dominant TE;; mode and is
particularly useful for applications
that require circular polarization
(e.g., space communication). Like
the rectangular horn antenna, the
circular horn uses a flare to achieve a
smooth impedance transformation.
Typical gains are between 10 and 25
dBi, with horizontal and vertical half-
power beamwidths between 10 and
60 degrees and narrow bandwidths
—1.3:1 maximum, compared to 2:1
for rectangular horns.
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Scalar Feed Horns

Aside from more complex man-
ufacturing processes and higher
associated costs, scalar feed horn
antennas offer high power handling
capability and high directivity with
low loss over a wide bandwidth.
They are ideal as antenna feeds for
radar and communications systems,
such as radio telescopes that use
parabolic dish reflectors, as they are
able to provide relatively even illu-

mination of the surface while mini-
mizing signal leakage past the re-
flector, maximizing overall antenna
efficiency. The radiation pattern of
the feed antenna must be custom-
ized to the specific shape of the
parabolic reflector.

For antenna patterns in the far
field, the desired polarization is
known as co-polarization while the
orthogonal component is known
as cross-polarization.*  Cross-po-
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larization is particularly relevant for
parabolic dish reflector feed horn
antennas because the feed aperture
is typically located at, or slightly in
front of, the reflector focal point,
which is the theoretical point where
all incoming rays parallel to the pa-
raboloid axis are reflected through
the focus (see Figure 4). The wide
angle scalar feed horn in the focal
plane of parabolic dish reflector
must exhibit a uniform radiation
pattern in the far field to minimize
cross-polarization and maximize
overall antenna efficiency.

Scalar feed horns take advantage
of a hybrid mode of propagation to
achieve high axial beam symmetry,
low sidelobes and low cross-po-
larization. The hybrid mode differs
from the TE or TM modes of propa-
gation within a waveguide, as nei-
ther the electric nor magnetic fields
is purely transverse to the direction
of propagation. In the hybrid mode,
or balanced hybrid, condition, sym-
metric E- and H-plane patterns are
generated where the TE and TM
components are matched in a sin-
gular hybrid mode and propagate
with a common velocity. In this way,
the paraboloid receives the com-
plete field pattern from the feed
with uniform fields across the aper-
ture of the reflector.> Linear E-fields
cannot be produced by a radiation
pattern purely TE or TM mode; cor-
rugations in the horn modify both
the electric and magnetic fields to
satisfy the hybrid mode condition.

Horn Lenses

Typically mounted at the aperture,
dielectric lenses modify the radiation

+<—— —_——————

A Fig. 4 Wide angle scalar feed horn

in the focal plane of a parabolic dish
reflector.
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Feed Horn

Convex
Dielectric Lens

Open-Ended Probe
A Fig. 5 A convex dielectric lens alters s
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performance,  of-
ten correcting the
dn phase over a wide
bandwidth or lim-
ited axial length.
They also repre-
sent cost-effective
alternatives to soft

Conductor-Backed Multi-Layered | horns and corrugat-
Composite Structure

ed horns, as lenses

the spherical or cylindrical wave from
the feed horn aperture to form a planar

A Fig. 6 Open-ended probe radiates EM energy into the
wave. composite substrate, used for non-destructive testing. to
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are much simpler
manufacture

and mount onto
the waveguide cap. The concept of
focusing EM waves stems from the
interference and diffraction light pat-
terns of the Fresnel lens.

In general, convex dielectric
lenses collimate incident divergent
energy to focus a spherical or cylin-
drical wave front to a planar wave
front, essentially controlling the
taper of the field distribution, with
the additional ability to shape the
amplitude of the output EM radia-
tion (see Figure 5). Typically, low
permittivity and low loss tangent
dielectrics such as Teflon, polyeth-
ylene, polypropylene, polystyrene
and quartz are used to reduce the
thickness and weight. Variants of the
horn lens include constructing the
horn solely of dielectric material. In
this case, the phase errors at the ap-
erture are higher than with a metallic
horn, due to the lower propagation
velocity, which ultimately reduces
the achievable gain of these an-
tenna structures.® The typical gains
of horn lens antennas fall between
30 and 40 dBi, with horizontal and
vertical half-power beamwidths be-
tween 1 and 4 degrees and narrow
bandwidths of approximately 1.1:1.

WAVEGUIDE PROBES

Waveguide probes are ideal for
near-field measurements such as
non-destructive testing and evalu-
ation. The relatively straightforward
construction involves an open-end-
ed waveguide with a finite flange
and a signal source sends EM en-
ergy down the waveguide to the
device under test (DUT). As shown
in Figure 6, the EM energy propa-
gates from the horn to penetrate
the object in front of the open-end-
ed waveguide. Understanding the
dielectric properties of the DUT, the
test can detect variations such as
voids and cracks.
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While this method can analyze
materials in the field without disas-
sembly (e.g., aircraft fuselages and
radomes), it is not as accurate as
measurements made with transmis-
sion lines. The waveguide aperture
must be flush against the planar (or
locally planar) dielectric substrate.
Fulllwave EM models are often
generated to determine the reflec-
tion coefficient at the aperture of
the waveguide, where it radiates
into the dielectric structure. The ac-

OMTECH

POWER SYSTEMS TECHNOLOGY | | | [] NI

curacy of the technique is degraded
with thin, low permittivity and low
loss tangent materials; in such cas-
es, alternative measurement meth-
ods using a probe station or test fix-
turing may yield better results.

OMNIDIRECTIONAL
ANTENNAS

An omnidirectional radiation pat-
tern can be generated with a wave-
guide antenna. This is often accom-
plished with the classical feed horn
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Reflector

<~——Dielectric
Housing

«— Conical Horn

A Fig. 7 Omnidirectional waveguide
antenna.

configuration propagating an EM
wave in the TMy, or TEy; mode to-
ward a metallic conical reflector a
predetermined distance from the
conical waveguide aperture (see
Figure 7). The conical reflector ra-
diates the energy horizontally 360
degrees around the axis of the re-
flector, creating an omnidirectional
pattern. The parabolic shape of the
reflecting surface, in turn, creates a
phase correction for the reflected
spherical wave.’” This structure is of-
ten placed within a dielectric holder
made of a low loss tangent material,
to maintain the distance between
the waveguide and the reflector.

SUMMARY

The combination of high power
handling capability, directionality
and mmWave coverage makes wave-
guide antenna structures pertinent
for contemporary RF and mmWave
systems, particularly with increased
use of the mmWave spectrum. Un-
derstanding the basic performance
of waveguide antennas can be use-
ful when choosing an antenna for a
mmWave system or test setup.ll
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Engineering SOI Substrates for
RF to mmWave Front-Ends
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G and Wi-Fi 6(E) are creating new

user experiences that require un-

precedented network capacity with

on-demand data throughput at
record low latencies. To address these re-
quirements, spectral resources from 100s of
MHz to mmWave frequencies have been as-
signed to these standards. Gbps data rates
are offered at these bands using record high
waveform complexity, tightening RFIC lin-
earity specifications to minimize signal dis-
tortion.

Over the last two decades, silicon on in-
sulator (SOI) has proven to be the semicon-
ductor solution of choice for highly linear,
power efficient, integrated wireless systems.
At the same time, the world’s near to end-
less CMOS capacity and the demonstrated
large-scale manufacturability of RF-SOI sub-
strates have enabled cost effective solutions
for 4G/LTE and Wi-Fi. Today, 5G and Wi-Fi
6(E) are benefiting from this demonstrated
capability. This article reviews the continu-
ous innovation of SOl engineered substrates
to address the challenges of today’s and fu-
ture wireless systems.

HR-SOI TO TRAP-RICH SOI

Compared to bulk silicon technology,
SOI's key advantages for RF applications

have led to its general adoption in smart-
phone front-end modules over the past de-
cade, spearheaded by RF switches. SOI wa-
fers are composed of a thin silicon layer, usu-
ally 50 to 150 nm where the active devices
are built, fully isolated from the underlying
or "handle” wafer by a buried oxide (BOX)
layer.

This configuration has major benefits.
First, the shallow trench isolation reaches the
BOX and effectively eliminates any conduc-
tion path between devices. This, in turn, en-
ables transistor stacking to a level unsustain-
able using junction isolation. It also drastically
improves the isolation between circuit blocks.
The second benefit is the ability to engineer
the handle wafer specifically for communica-
tion applications without degrading the qual-
ity of the active device layer, leading to high
resistivity (HR) silicon being implemented as
the handle wafer material. Decreasing the
concentration of free carriers in the handle
wafer reduces the attenuation or insertion
loss (IL) of the propagated signal, resulting in
better power transmission efficiency. It also
reduces the power of the parasitic signals
generated at the harmonic frequencies of the
carrier signal, i.e., harmonic distortion (HD) or,
when multiple signals are involved, intermod-
ulation distortion (IMD).
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Though the HR handle is highly
beneficial, the HR-SOI wafer has an
inherent capacitor-like configura-
tion, which results in the possible
creation of a low resistivity, free car-
rier accumulation or inversion layer
underneath the BOX, dubbed the
parasitic surface conduction (PSC)
layer.m This issue can be circum-
vented with an engineered layer be-
tween the BOX and HR handle con-
taining a high density of electrically
active traps.23 Three game-chang-
ing effects of this trap-rich (TR) layer
are the Fermi level pinning induced
by the traps, the trapping of free
carriers from the base wafer and the
reduction of mobility. A higher level
of signal fidelity can be achieved:
the isolation is improved because
the conductive coupling below the
BOX is suppressed, leaving only ca-
pacitive coupling. The fluctuation
of carrier concentration below the
BOX is suppressed, as the Fermi
level is pinned close to the middle
of the semiconductors gap, linear-
izing the handle’s resistance and ca-
pacitance and drastically reducing
HD. Finally, the constant HR further
reduces IL.

The following section discusses
Soitec’s TR SOI family of substrates
and how the RF performance com-
pares to HR-SOI for different wire-
less applications (see Table 1). The
measurements shown throughout
the article, unless otherwise stated,
are performed on 2.1 mm long co-
planar waveguide (CPW) at a funda-
mental frequency of 900 MHz. The

DC bias refers to the bias applied
between the central line and ground
lines; the latter connected to the
substrate backside. The second har-
monic power levels are referenced
to a fundamental frequency output
power of 15 dBm at a default DC
bias of O V.

RF-SOI SUBSTRATES FOR RF
FRONT-ENDS

Depending on the intended func-
tion in the RF front-end (RFFE), the
diverse RF circuits impose different
requirements on the RF-SOI sub-
strate, i.e., for large signal (linearity,
power handling) or small signal and
immunity to interferers (crosstalk,
digital noise).#¢ Given the increas-
ing complexity of the RFFE, high
density integration of digital logic,
memory and RF functions must also
be carefully considered. The final
system application—such as infra-
structure or mobile user equipment
(UE)—will also dictate specifications
including ruggedness and robust-
ness.

Large-signal switching, shaping
and amplification can introduce
signal distortion because of the in-
herent nonlinear nature of active
RF circuits. Soitec’s RFeSI™ sub-
strates help minimize distortion by
reducing parasitics, as previously
explained. Figure 1 shows the har-
monic and intermodulation prod-
ucts generated on three RFeSI TR
SOl substrates with guaranteed
second harmonic power below -100
dBm (RFeSI100), -90 dBm (RFeSI90)
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and -80 dBm (RFeSI80). The IMD
performance is measured with two
20 dBm tones at 900 and 955 MHz.”

The complexity of the digital and
control content of the RFFE has
been steadily increasing. For ex-
ample, several 26 MHz—up to 52

MHz—MIPI RFFESM bus instances
are required to control the radios
in the modern smartphone, includ-
ing 5G, Wi-Fi, Bluetooth, GNSS and
NFC. Even with the complexity, the
control and digital signals must not
interfere with the RF and vice versa.
A good RF sub-

-20

-40

strate should help
- prevent unwanted
- signals  conduct-

—-60 7

” ing from one part
of the system to

another—whether
~1 control, digital or

RF—as they can
disrupt system op-

2nd, 3rd Harmonic (dBm)

eration. Crosstalk
and digital noise
immunity are very

important  when
designing RF and

mmWave front-
ends, and the de-

15
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—HR-SOI RFeSI80
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Output Power (dBm)
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—==HR-SOl ——— RFeSI80 ——— RFeSI90 ——— RFeSI100

sign starts with the
substrate (see Fig-
ure 2).5
Smartphone an-
tenna impedance

25 30 35

RFeSI100

and aperture varia-

-120

tion due to exter-
nal elements, such

-100

as the position of
the wuser's hand,

have been widely
studied, leading to

IMD3 (dB)

the use of antenna
tuners (AT) in the

RFFE to dynami-
cally compensate

Al

such variation. ATs

HR-SOI RFeSI80  RFeSI90

RFeSI100

are implemented

Quartz as close to the

845 MHz IMD3 (b).

A Fig. 1 RF-SOI substrate second and third harmonics (a) and

antennas as pos-
sible and are the

first RFFE elements that must with-
stand large VSWR. Depending on
the design, ATs may require the
RF-SOI substrate BOX to withstand
voltages greater than 100 V. Some
RFeS| substrates offer BOX soft
breakdowns greater than 150 V by
tuning the BOX layer thickness ap-
propriately (see Table 1).

When comparing RF, mmWave
and integration capabilities, Figures
1 and 2 show a clear advantage of
TR SOI over HR-SOI. TR RF-SOI
has greatly contributed to the suc-
cess of CMOS in RF and mmWave
front-ends. As RFFEs evolve, TR SOI
substrates must also evolve to ad-
dress more stringent requirements.
Higher frequency measurements,
substrate modeling and material de-
velopments are being pursued for
future applications, and these are
described in the following sections.

MMWAVE CHARACTERIZATION

Signal attenuation in transmis-
sion lines, particularly CPW lines, is
strongly affected by the free carri-
ers in the underlying substrate. The
total propagation loss, which com-
prises metallic losses in the lines as
well as losses from the substrate, is
often used to compare the RF per-
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formance of dif- -10
ferent substrates.

Figure 3 plots the 30 NN
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RFeSI80 Measured
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equivalent to the IL
per unit length.

CPW lines with
different  lengths
(i.e., 426, 906, 2106, 2526, 2826
pm) and the same cross section
were measured and the multiline
thru-reflect-line  (mTRL) algorithm
applied to extract the propaga-
tion constant.® The mTRL algorithm
with redundant line measurements
increases the extraction accuracy
by reducing the measurement
noise, which is inherently larger at
mmWave frequencies. The separa-
tion of the metallic and substrate
losses was obtained using a proce-
dure described by L. Nyssens et al.?,
which is valid at mmWave frequen-
cies.

The different samples were
manufactured with the same CPW
pattern, such that they have simi-
lar metallic losses versus frequency.
The increasing IL with frequency is
caused by the skin effect, a metallic
loss mechanism. The introduction of
HR silicon improved the IL by reduc-
ing the number of free carriers in the
handle substrate. Nevertheless, the
presence of the PSC at the oxide-
silicon interface degrades the IL.
This is suppressed when a TR layer
is used, as with the RFeSI90 wafer.
Therefore, the TR SOI substrates
combining a HR handle silicon sub-
strate and TR layer have negligible
substrate-related losses. At suffi-
ciently high frequencies, when the
slow-wave mode is suppressed—
above a few tens of MHz for TR
substrates and above 10 to 20 GHz
for HR substrates—the substrate
losses are frequency independent
and agree with the substrate model.
The improvement in IL for the RFeSl
substrates is valid across the entire

A Fig. 4 Measured vs. simulated second harmonic power.

mmWave frequency range.

SIMULATING RF-SOI
SUBSTRATES

Developing engineered materi-
als for advanced applications is a
complex, time- and resource-con-
suming process, which is more ef-
ficient with calibrated simulation.
Accurate small-signal modeling has
been developed using a combina-
tion of electromagnetic (EM) and
technology computer-aided design
(TCAD) tools to account for the
lossy nature of the silicon substrates
and  conductive interfaces.!0.11
While simulating a semiconductor
substrate’s large-signal behavior is
more of a challenge, the authors
have developed the capability to
link material properties to RF per-
formance. To model the distortion
induced by the substrate on a CPW
line's signal, modeling is based on
simplified EM propagation models
which are complementary to solving
the semiconductor transport equa-
tions and trapping phenomena in a
transient, large-signal, time-domain
TCAD approach. The model has
been validated with several HR and
TR samples having key differences
in material parameters, enabling
the relative importance of such dif-
ferences on the linearity of the RF
substrates to be assessed.

Figure 4 shows the second
harmonic power levels versus DC
bias for three substrates, compar-
ing measured and modeled per-
formance. The DC bias induces a
mirror charge below the BOX. An
RFeSI80 TR wafer is shown for refer-
ence; the other two wafers are HR,
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= introduced sig-
i nificant Boron con-

E 75 tamination  within
< ss ; — the polysilicon
g o _ = e layer,  confirmed
= o = et by SIMS and SRP
15 o N A ‘ data (not shown).
20 s 0 5 10 15 20 25 | Boron degrades
Fundamental Output Power (dBm) the substrate im-

——— RFeSI80 (Reference) RFeSI00 RFeSI80 (B-Doped) pedance anql raises
=== Model (Reference)  ====-Model (Higher Model (B-Doped) the harmonic lev-
Resistivity) els; adding the Bo-

A Fig. 5 Measured vs. simulated second harmonic power
of two modified trap-rich wafers and the reference RFeSI80

sample.

each with a different BOX material:
the first oxide, the second alumina
(AlI203). Oxide-silicon interfaces are
known to have a positive, fixed in-
terfacial charge density, reflecting
the creation of an electron PSC,13
while the charge density is nega-
tive at alumina-silicon interfaces,
reflecting creation of a hole PSC.
The interfacial fixed charge densi-
ties of the HR Oxide and HR Al,O3
samples were extracted from low
frequency CV measurements of
classical MOS capacitor devices at 8
x 10" and -6 x 10" cm2, respec-
tively (not shown), and the same
values were used in the model. The
model correlates well with the mea-
sured data, accurately capturing the
strong dependence on bias voltage
and fixed charge.

By introducing trap energy states
in the polysilicon TR layer, model-
ing predicts the increase in effective
resistivity, as well as the decrease in
power of the generated harmonic.
Figure 5 plots the second harmonic
versus fundamental output power
for three RFeSI substrates, compar-
ing measured and modeled per-
formance. One primary material
parameter difference distinguishes
each substrate from the others, and
the model captures the relative im-
pact of each parameter on the har-
monics generated by that substrate.
As a reference, the RFeSI80 sub-
strate was modeled and measured.
Using a more resistive polysilicon
layer and handle wafer, an RFeSI100
was fabricated and modeled. Tai-
loring the resistivity in the model
is almost sufficient to justify the 20
dB difference in the second har
monic power levels between these
two substrates. Finally, the RFeSI80,

ron profile into the
model generates
accurate estimates
of harmonic perfor-
mance.

This physical modeling gives key
insights into the effect of the funda-
mental material parameters on RF
loss and linearity performance and
is a useful tool when designing sub-
strates to meet given RF specifica-
tions.

BETTER PERFORMANCE AND
TEMPERATURE STABILITY

RF-SOI substrates need to evolve
to support new and more stringent
RF requirements. Today, RFFE linear-
ity is often not limited by the sub-
strate, yet a large field of RF appli-
cations would benefit from RF-SOI
substrates with better HD and IMD
specifications. RFeS| linearity may be
enhanced by improving the handle
wafer resistivity and polycrystalline
silicon trapping efficiency (see RFe-
SI100 in Figure 1). However, there
are limits to the resistivity level that
can be achieved with bulk silicon
while guaranteeing stability, me-
chanical strength and affordability.

Other limitations of HR silicon
are its relatively small bandgap and
high dielectric constant. A 1.1 eV
bandgap implies that the number of
intrinsic carriers in the bulk silicon,
which increases with temperature,
becomes higher than the residual
wafer doping in the range from
50°C to 90°C. Above this tempera-
ture, the resistivity and associated
RF performance start degrading
(see Figure 6). While this is not an
issue for most applications, some
require performance stability to
150°C, such as grade 1 and 2 auto-
motive. These applications require
materials with resistivity indepen-
dent of temperature.

Soitec has built SOI wafers with
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s 10 a porous silicon layer, which can be
RFeSI90 '/.‘ viewed as thin silicon membranes

—~ — 60
£ -60 RFeSI90T H € separated by gaps. It presents a
5} / RFeSI100 2 _go h . h f
2 z o/ uge surface area, on the order o
g @744,___.\' g 100 / 500 m2/cm3, so the many dangling
2100 ——% & 120 YA Steep Trade-Off || bonds and surface states actas traps.
o , , , , 10 . [Shallow Trade-Off Because the silicon membranes are
0 50 100 150 200 250 2 4 6 8 10 so thin, all carriers are within trap-
Temperature (°C) Effective Relative Permittivity ping distance of the surface and are

A Fig. 6 RFeSl second harmonic power A Fig. 7 Second harmonic vs. ¢ for .T_EO subject to |COU|fomb sca.tterlng.
vs. temperature. porosification setups yielding steep and IS ensures a low free carrier con-
shallow trade-offs. centration and mobility, even when

the temperature rises. The benefits
of porous silicon for RF applications
are well known, with demonstrated
temperature stability on relatively
thick layers, usually greater than 50
m.12,13

Using SOl wafers and a thin
buried porous silicon layer, to our
knowledge, Soitec is the first to
demonstrate very low HD levels
and complete independence versus
temperature up to 200°C, as shown
in Figure 6. This performance has an
added benefit: because porous sili-
con is essentially a composite mate-
rial of silicon and empty spaces, its
permittivity is lower than the usual
11.7. Thus, the transmitted signal
sees a material with a reduced ef-
fective permittivity, which benefits

WITH A STANDARD C HD, IL and signal isolation.

CONVERTERS, MUL .I-’ C'Ij'he effective i?cF performlance
and permittivity of porous silicon
ALONGWITH1 Iayerspis deper?cl:lent gn the porosi-
CUSTOM ASS| fication process and material prop-
erties, such as porosity level, struc-
ture type, pore size, surface state
THE LEADING CI and thickness. This is illustrated in
g Figure 7, which shows second har-
monic power versus permittivity
when different trade-off configura-
tions are used to fabricate the po-
rous silicon layer. The figure shows
obtaining adequate performance,
temperature stability and low per-
mittivity requires the proper fabrica-
tion process.

NORDEN

CONCLUSION

This article illustrates how sub-
strate engineering brings addi-
tional linearity and value for RF and
mmWave applications. Measure-
ment setup and extraction proce-
dures enable evaluating the sub-
strate performance through repre-
sentative metrics. With a physical
understanding of material proper-
ties, the EM behavior of the sub-
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Low Noise Oscillator Based
on a Conventional Dielectric
Resonator

Vladimir M. Gevorkyan and Yuri A. Kazantsev

Moscow Power Engineering Institute, Moscow, Russia

This article describes an algorithm for the design of a voltage-controlled oscillator (VCO) with
an active structure controlled by a sequential feedback circuit containing a high-quality open
dielectric resonator. Its effectiveness is illustrated with the design of an X-Band oscillator that

meets modern requirements for phase-locked loop (PLL) frequency control systems.
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microwave oscillator is typically
based on a microwave assembly
comprising an active two-port
amplifier and a resonator, such
as a dielectric resonator (DR). Oscillation is
normally achieved with parallel feedback
(FB). Design techniques for oscillators based
on assemblies with parallel FB are well de-

Amplifier —_| _—1— MSL Substrate

T | —Input Port of

>
Active Two-Port
Power
QOutlet *

| ™~ Conductor #1
Conductor of MSL

A Fig. 1 Oscillator topology.

Screw for DR Frequency
Amplifier Adjustment
MSL Conductor | g

MSL Substrate _

Power Supply
Pins

DR Positions Over
MSL Substrate

Varactor

MSL Segment
Controlled by
the Varactor

Power Outlet

scribed by Bunin et al.2 Properties of ac-
tive elements with inherent (i.e., internal) FB
are not readily available to oscillator device
developers; however, this information is not
critical to the design.

In this work, we describe an oscillator de-
velopment algorithm and verify its efficacy
with the design of an X-Band VCO using
inherent feedback. The oscillating system is
formed by an open DR electromagnetically
coupled to a varactor diode (VD) through a
microstrip resonator (MSR). The main goal
of the dielectric resonator oscillator (DRO)
design is to achieve low phase noise, i.e.,
not to exceed -90 dBc/Hz at 10 kHz offset
from the carrier. This level corresponds to
or is better than the performance of similar
products from leading manufacturers.37 The
main application is low phase noise PLL fre-
quency sources,® where there is high interest
and demand.?

Lres

Rres

I
I I
I
1 Cres
I
I

A Fig. 2 Oscillator assembled in a housing.

A Fig. 3 DR equivalent circuit.
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OSCILLATOR DESIGN

The proposed algorithm for DRO
design with inherent FB greatly
simplifies DRO development. This
algorithm consists of two stages:
First, one creates a microstrip oscil-

lator on a dielectric substrate using
the topology and physical configu-
rations shown in Figures 1 and 2.
The required oscillation frequency
is achieved by trimming the length
of microstrip line (MSL) connected

to the input port
of the active two-
port device, shown
as conductor 1 in
Figure 1. The oscil-
lation frequency is
measured and the
length, |, of MSL 1
is recorded. Sec-
ond, in the housing
cup threaded hole,
a screw is placed
on one end of a di-
electric body (e.g.,
a quartz cylinder)
attached to a di-
electric disk (i.e.,
a DR). Moving the
case cup along

the substrate axis
and varying the
distance between

A Fig. 4 Magnitude of the MSR impedance vs. frequency,

with Cyp = 0.1 (a) and 0.01 (b) pF.

Covering Your Spectrum

* Fixed Attenuators
* Variable Attenuators
* Terminations

¢ Power Dividers/Splitters

* RF Adapters

* DC Blocks

¢ RF Tuners

* DC to 50 GHz

¢ 1 Watt to 2000 Watts
e Custom SOIutions

in the Inds sustry since { 989

2505 Back Acre Circle
Mount Airy, MD 21771
Voice: 301.963.4630
Fax: 301.963.8640

merf ng the 6{95&1’ qua/ fy zmz/ oS, f~mmpet’n’w&
Rroadband RF and Microwave Products

Visit our new website with interactive catalog and online RFQ!

——
WEINSCHEL
ASSOCIATES

BROADBAND RF
MICROWAVE
SOLUTIONS

sales@WeinschelAssociates.com

the DR edge and
the substrate sur-
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face controls the electromagnetic
coupling between conductor 1 and
the DR. VCO implementation is en-
abled by adding an MSR coupled to
the DR and connected to a VD.

Selection of the optimal DR po-
sition and coupling to the VD is
accomplished by a simplified ap-
proach, which is demonstrated with
the design of an 8 to 10 GHz DRO.
The DR equivalent circuit is shown
in Figure 3. The characteristics of
the coupling structure are defined
by the resonant frequency f, and
the inherent Q-factor, Q:

Qp=tm o T 0
p I-res /Cres
By selecting

P =1/Lres /Cres =1Q, QO =Ries

The microstrip transmission line
model is described by its length,
l, longitudinal resistance per unit
length, Ry, inductance per unit
length, Ly, transverse conductance
per unit length, Gy, and capacitance
per unit length, Cy. These values
can be calculated knowing the MSL
wave resistance, Z,; propagation
constant, y; damping in the line, ;
and wavelength, N\, in accordance
With following:

=o+jB=

(W Se)

1 co, , 2)

W1

L A
w= 2 Qhy, ==, m,  (3)
CO Eeff

where \j is the wavelength and
gqf the effective permittivity of the
MSL substrate.

oA=04+0, =

Ro S0, Go |Lo 4)
2\l 2 \Cy'
o =R0 [Co_ Ro

2\L, 2z,

is the damping due to losses in the
line metal and

Go Lo _ Go
c, 2z,

is the damplng due to losses in the
dielectric.

where

Oy =
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(b)

A Fig. 5 Magnitude (green) and phase (red) of the MSL impedance with C,p, = 0.01 (a) and 0.1 pF (b).

For example, for an MSL on a Ao Co Figure 4 shows the calculated
polycor substrate with Z, = 50 Q, Ay SR frequency dependence of the MSR.
JEoff =2.5 and known values of o, V Eeff ~0 With a decrease of VD capacitance,
and a,, one obtains: Ly = 0.41667  3.108 1.2.108 by changing the VD voltage, the
pHn/m, Gy = 0.16667 nF/m, Ry = 30 =— m (5)  resonant frequency of the MSR in-
Q/m, Gy = 0.01 Sim/m and 2'5f0 fo creases, consistent with the theory.
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theoretical results obtained from the

Continuous Measurements With No Drift wave equations for the transmission
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= 0.01 and 0.1 pF respectively (see
Figure 5). Changing the VD capaci-
tance changes the electrical length
of the microstrip resonator (i.e., its
[ resonant frequency), which changes

_65 972 dBm the coupling frequencies of the as-

: sociated oscillator system (i.e., the
= — : entire frequency response). The en-
tire frequency response change is
quite small, on the order of several
MHz.

The dependence of the coupling
coefficient, k, between the DR and
MSR is shown in Figure 6. Lengths
I3 and |, are parts of the overall mi-
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A Fig. 10 Power and frequency vs. temperature.

of the oscillating system MSL-to-VD
interface with various MSR lengths
are shown in Figure 7. Figure 8
shows the frequency dependence
of the coupling frequency, f1; the Q-
factor, Q; and the transfer function
versus Cyp.

From the electrical design pa-
rameters, Figures 6, 7 and 8 provide
dielectric substrate and DR topolo-
gies to achieve the optimal, i.e.,
maximum, effective Q-factors for
the oscillating system at a given fre-
quency. The results were verified us-

ing ANSYS, the finite-element elec-
tromagnetic simulator. The analysis
determines the geometric size of
the conductor and its position on
the polycore substrate, as well.

MEASUREMENTS

Experimental results show that
conditions for oscillation are met
over a wide range of circuit param-
eters, i.e., up to 30 percent from the
calculated values. This includes DR
position with respect to MSL con-
ductor length, resonant frequency,

A Fig. 11 Power and frequency vs. tuning screw position.

DC bias voltages from 5 to 9 V and
VD tuning voltage. DRO character-
istics versus VD tuning voltage, tem-
perature variation and mechanical
tuning screw position are shown in
Figures 9, 10 and 11, respectively.

DRO phase noise heavily de-
pends on the oscillation system
Q-factor and, more precisely, on
the Q-factor of the resonance
curves of the coupling frequency
where oscillation occurs. There-
fore, considering the low Q-factor
of the VD—which does not exceed
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500—the phase noise depends
mainly on the required frequen-
cy tuning range. The measured
phase noise for the 40 MHz tun-
ing range is about -80 to -85 dBc/
Hz at 10 kHz offset from a 10 GHz
oscillation frequency. For the 10
MHz frequency tuning range, the
phase noise drops to -92 dBc/Hz
at the same oscillation and offset

TAIYO YUDEN

frequencies (see Figure 12). This
tuning range is sufficient for a PLL
to compensate for temperature
frequency drift, which should not
exceed the electrical tuning range.

CONCLUSION

A method for the analysis of com-
plex microwave oscillating systems
enables the development of a DRO
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rar 5

96

that meets phase noise and frequen-
cy tuning range requirements.ll
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Modernizing mmWave
Measurements with 110 GHz
Coaxial Components

Charles Tumbaga
Anritsu, Morgan Hill, Calif.

ith the rollout of 5G and 6G

discussions already begin-

ning, it's no surprise that the

only known for new telecom-
munication standards will be higher frequen-
cies, well into the mmWave frequencies be-
yond 100 GHz. Whether in the RF or optical
domains, R&D development is ongoing, rais-
ing the question: how will engineers address
broadband and mmWave measurements
moving forward? In parallel with the many
interesting 110 GHz and higher use cases,
the idea of modernizing measurements from
the instrument to the device under test is
a relevant topic of conversation. To enable
new test systems to address these changing
frequency requirements, we must migrate
from the nearly 100-year-old waveguide to
newer coaxial solutions. While the idea of
modernizing measurements has its roots in
reducing the complexity of test setups, fre-
quency and time domain measurements will
benefit by moving to coaxial solutions for
mmWave measurements.

This article explores the drivers for
mmWave application development, discuss-
es technologies for performing measure-
ments to 110 GHz, identifies the trade-offs
between waveguide and coaxial technology
and acknowledges the new coaxial solutions
coming on the market.

EMERGING MARKETS

We're seeing significant development
in the telecommunications sector tfueling
the need for mmWave frequency coverage.
Denser networks using microwave backhaul,
fronthaul and fixed wireless are predicted to
exceed 100 GHz to support the deployment
of 5G and development of 6G and beyond.!
These frequency requirements come from new
antennas and transceivers to provide more
accessibility and data to users, as well as the
optoelectrical components needed to move
tremendous amounts of data from the radio
through the network, parallel developments
to provide 800G or 1.6T Ethernet capabilities.

Another market active for some time is
automotive radar. Short- and long-range au-
tomotive radar uses the 76 to 81 GHz band
and, like all radar, includes a transceiver that
requires testing of internal components like
amplifiers, mixers and antennas. While the ra-
dar frequencies fall within the band addressed
by the new 1.35 mm connector, which spans
DC to 90 GHz, there is no component sup-
port currently, other than adapters. The new
applications are not limited to the consumer:
electronic warfare and satellite transmission
use W-Band frequencies. As semiconductor
process technologies improve, device char-
acterization requires measurement coverage
from near DC to 110 GHz.
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A Fig. 1 Typical 110 GHz cable loss vs. frequency.

WHERE DO MEASUREMENTS FIT?

While these new applications are at the forefront of
technology, the supporting measurements often rely on
older technology.

Before discussing improving the measurements for
these applications, consider the test equipment used
for these measurements. For example, before a power
sensor can be used in the field, it undergoes various
manufacturing tests and calibration—such as a level-
ing loop calibration, which uses a reference sensor as
the correlation standard for the power sensor as both
measure a test signal.2 For broadband characteriza-
tion, from kHz/MHz to the 110 GHz range, it would take
many components and adapters to perform this test-
ing without using a broadband coaxial component. And
there are other measurements and functionality tests
required in production to assure the test instrument is
ready to use. All would also benefit from using coaxial
components to simplify testing and improve measure-
ment accuracy.

In addition to the test equipment, the components
used for various measurements include:
¢ Intermodulation distortion (IMD) and related mea-

surements that require equal signal distribution us-

ing a power divider

e Antenna and active device biasing through a bias tee
or Kelvin bias tee

® Spurious signal sampling or optical modulator mis-
match correction using a directional coupler

* Receiver compression avoidance or test port VSWR
improvement with attenuators

® Gain, compression and isolation using a power split-
ter

These are not exhaustive, just a few of the many
measurements needed to quantify performance and
harder to make at mmWave frequencies, where the
components may be scarce or unavailable.

MEASUREMENT CHALLENGES

Can you imagine a future where only books are used
for information, even though we have the internet? Or
driving only gasoline-powered automobiles when elec-
tric and hybrid models are available? Of course not.
When options exist, the use case dictates which one we
use. The same is true of measurements, particularly the
choice of components, as technology moves forward.
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Waveguide was developed in the 1930s and used
widely during World War Il. Waveguide components
continue to be the de facto standard for high-power
signals and frequencies above 70 GHz. Unlike coaxial
components, waveguide has nearly zero signal loss, as
it is not resistive. This is important because the signal is
conserved. Unfortunately, waveguide only operates in
specific frequency bands, which precludes broadband
measurement.

For frequencies higher than 70 GHz, there are few
choices for components other than waveguide. To pro-
vide alternatives, the industry is developing new co-
axial components, such as the V connector (1.85 mm),
However, the V connector has a theoretical limit of 73.3
GHz; the performance above the theoretical limit suf-
fers from over-moding. Over-moding refers to a notable
resonance that manifests as an attenuation spike over
a small bandwidth. It occurs where the input signal en-
ergy changes modes due to impedance and velocity
mismatches at the dielectric support bead and air di-
electric interface—which is not desirable. This is one of
the rare times where a coaxial structure behaves like a
waveguide, i.e., not in a single mode.

Users desiring to stay in a native coaxial environment
often create makeshift components. One example is
using a DC to 110 GHz cable to create an attenuator
with broad frequency coverage. A 10 cm long cable
provides 3 dB of attenuation at the upper frequency,
around 100 GHz (see Figure 1). To create an attenuator
with 10 dB loss, three cables could be used, requiring
multiple interconnects between the cables and creating
measurement uncertainty. A good attenuator is gener-
ally flat, i.e., within 1 dB of the desired level across its
frequency band. The flatness of a series of cables can-
not be guaranteed, however. With three cables, a large
attenuation swing will occur, much higher and lower
than 10 dB at various frequencies. Not only will the
measurement certainty be degraded by multiple inter-
connects and varying attenuation, the power delivery
versus frequencies will vary due to the frequency slope
of the cables. This is not an ideal measurement setup.
This highlights how users try alternatives to construct
useful coaxial components.

Even using waveguide components is a compro-
mise. Consider active device testing. A waveguide can-
not conduct a DC voltage or current; it is an inherent
DC block and cannot bias anything. For characterizing
active devices, the bias can be added through a test
port via a probe during development. However, when
the device is part of an assembly in a test jig, a wave-
guide cannot pass both RF and DC power.

Time domain analysis is a common tool used for
device characterization. While we focus on frequency
domain measurements, emerging applications will also
use the time domain, as it can provide insight into im-
pedance characteristics and discontinuities (lowpass
time domain), faulty areas in the setup (bandpass time
domain) and the electrical quality of a signal through a
device or component (an eye diagram).

Many components used in high speed communica-
tions are characterized with both time and frequency
plots. Return loss and insertion loss are equally impor-
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Parameter

Signal Loss

Waveguide

Minimal Loss

TABLE 1
WAVEGUIDE-COAXIAL COMPARISON

Coaxial

Suffers Loss

Frequency Domain

Dispersion and Group
Delay from TE/TM Modes

TEM Mode Not Susceptible to
Dispersion or Group Delay

Time Domain

Limited Functionality
Because of Narrower
Bandwidth

Broadband, Enabling Time
Domain Functionality

Setup Complexity

Complex: Fastening
Screws, Alignment,
Adapter Loss

Simple: Coax-to-Coax Interface

Robustness Rugged, Hard to Damage | Requires Gentle Handling and
Proper Care
Physical
Waveguide s
b — O made from solid
e . metal, and this
o | Mmasiion design quality en-
Py _—n — ables it to be very
" ) —b' a rugged. Wave-
_ ( == ¢ =e guide is not easily
dJ Bl ey o v | damaged and can
| b wmem o | e S be d d wi
won oM a . e e dropped with-
T — ¥ out much worry
R of electrical per-
N T ‘m formance chang-
o= dz=-

es, assuming the
flange interface is

A Fig. 2 Anritsu 110 GHz components.

tant with the eye diagram and im-
pedance profile. For lowpass time
domain and eye diagram process-
ing, low frequency and broad fre-
quency coverage are important.
The low frequency component is
used for extrapolating the DC term
and the broad frequency cover-
age for resolution of the trace to
find any issues. Since a waveguide
is band limited, a high frequency
waveguide such as W-Band will not
have a low frequency component,
nor can it provide broad frequency
coverage.

TRADE-OFFS

Although waveguide is nearly
100 years old, it still serves a pur-
pose, providing some proper-
ties that coaxial solutions cannot.
Comparing these two technologies
shows the trade-offs between them,
trade-offs which can be summarized
by physical and electrical param-
eters (see Table 1).
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not bent. In com-
parison,  coaxial
components with a W connector
(1.00 mm) require gentle handling
and proper care when using them.
Waveguide has repeatability is-
sues, even with many mechanical
mechanisms in place to prevent
them. Common knowledge for
waveguide users, different users
can get different results with the ex-
act same setup. A user can spend a
significant amount of time aligning
apertures, fastening and torqueing
screws and taking other steps to
get the best performance from the
waveguide component. A coaxial-
to-coaxial setup—connecting the
test instrument directly to the com-
ponent—minimizes setup time and
ensures repeatability.

Electrical

An advantage of waveguide over
coaxial components is transferring
higher power across a nearly loss-
less interface. Coaxial components
have lower limits for power trans-

fer, and their structures are resis-
tive, which leads to signal loss. With
many setups used for mmWave
measurements, an adapter is used
to connect between coaxial and
waveguide components, and the
loss of the coaxial interface reduces
some of the advantage of the nearly
lossless waveguide. Many applica-
tions operate at low power, which is
compatible with either waveguide
or coaxial components.

Because they are broadband,
coaxial components enable more
time domain analysis options and
support active measurements that
require DC bias. The propagation
in coaxial components is transverse
electromagnetic (TEM), so they do
not suffer the effects of dispersion.3
Dispersion affects group delay and
impedance, which are concerns us-
ing waveguide, as the propagation
is either transverse electric or trans-
verse magnetic.

EXTENDED REACH

Over the last year, we've seen
new 110 GHz coaxial components
introduced for the mmWave mar-
ket, including bias tees, DC blocks
and directional couplers. Support-
ing this push to higher frequencies,
Anritsu has also introduced various
coaxial components including fixed
attenuators, a three resistor power
divider, a two resistor power splitter,
directional coupler, standard and
Kelvin bias tees and a broadband
DC block (see Figure 2). Anritsu's
components are metrology-grade,
with excellent electrical and envi-
ronmental performance, designed
to be used with any measurement
equipment that provides coverage
to 110 GHz. Such an array of com-
ponents makes modernizing a test
setup straightforward and capable
of supporting these new mmWave
applications.l
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addresses three critical requirements for 5G

product development, requirements not sat-
isfactorily met by other EDA tools:

e Assembling and performing 3D electro-
magnetic (EM)-circuit co-simulation on
multi-technology modules

* Simulating performance with modulated
signals and verifying performance with
5G modulation standards

e Analyzing the stability of multi-device
amplifiers under small- and large-signal
operation

INDUSTRY TRENDS

From 4G to 5G, operating frequen-
cies have increased by a factor of 40, i.e.,
from the 700 to 2600 MHz bands to the 28 to
40 GHz bands. The density and complexity
of system integration are increasing—add-
ing phased array antennas, for example—
and digital modulation has replaced analog.
The implications of these changes for RF/
microwave component designs are many:

Multi-technology Components — De-
sign flows need to support the assembly
and interconnect of multi-technology com-

ponents—RFICs, MMICs, wafer-level pack-
ages, phased array antennas, laminates and
PCBs—into dense, complex RF modules
and subsystems. Design rule checking (DRC)
and layout vs. schematic (LVS) for manufac-
turing sign-off must extend across the entire
multi-technology structure.

3D EM Effects — EM effects at mmWave
degrade circuit performance, increasing loss
and coupling and shifting frequency. Circuit
designers need to understand these 3D EM
effects from packages and interconnects
during design exploration, tuning and opti-
mization, not just at the final verification of
the completed design, when unexpected
performance may force a redesign.

EVM Simulation — Digitally modulated
RF signals require error vector magnitude
(EVM) as the new figure of merit for circuit
design and optimization. Traditional analog
rules for 3G and 4G can lead to performance
not meeting spec or over designing circuits,
leading to greater power consumption.

Stability - Combining higher transistor
gain, which is increased to offset high fre-
quency losses at mmWave, with unwanted
coupling from densely integrated circuit can
lead to unstable amplifiers. Analyzing am-
plifier stability under nonlinear large-signal
conditions is required to avoid unstable
hardware.
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Historic design flows are not ad-
equate to ensure design success
for 5G, automotive radar and other
mmWave applications. Each com-
ponent in a system cannot be de-
signed stand-alone; they must be
analyzed together, as an integrated
system. From the transistor to the
antenna far field, the EM, circuit
and electrothermal analyses should
be integrated across technology
boundaries. It is not trivial to analyze
ICs in packages with present design
tools, and it is nearly impossible to
analyze EM and real signals to un-
derstand the effects of modulated
waveforms in a multi-technology 3D
structure. Keysight developed Path-
Wave ADS 2021 to address these

A Fig. 1 A multi-technology, 60 GHz,
WiGig module, assembled and simulated
in ADS. Source: Global Foundries and
Fraunhofer IIS/EAS/IZM.

difficulties, tapping its domain ex-
pertise in both measurement and
simulation.

MULTI-TECHNOLOGY MODULE
CO-SIMULATION

ADS 2021 is an open EDA plat-
form based on the open access
(OA) database architecture for the
efficient assembly and routing of 3D
integrated RF module structures:

* RFIC and chip-scale antenna lay-
outs based on OA (e.g., Virtuoso,
EMPro)

e PCB and laminate layouts based
on ODB++ (e.g., Allegro, Expedi-
tion, Zuken)

e ADS native MMIC and RF layouts
A unique assembly technology

called SmartMount automatically

handles different units (e.g., pm and
nm for ICs; mm, mils and inches for

PCBs and laminates), orientation

(e.g., top/bottom mount, flip chip)

and adjacent technology stack-up

definitions. After assembly, ADS lay-
out behaves as both a package and

IC layout tool: building hierarchical

sub-structures like an IC tool and

"avoidance route” 3D interconnects

like a package tool. This makes

building and assembling packages
straightforward, as well as account-
ing for package effects on the IC’s
performance (see Figure 1). An-
other unique capability called mod-
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A Fig. 2 ADS 2021 enables fast EVM simulation of circuits with digitally modulated
signals using Keysight's test signal and distortion EVM algorithms.
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ProductFeature

ule-level DRC and LVS ensures the
correctness of the multi-technology
module for building the hardware.

RFPro in ADS 2021 is an auto-
mated 3D EM-circuit co-simulation
capability, enabling easy analysis
of the EM performance of any por-
tion of a design, without layout
cookie cutting and tedious setup
of ports, ground references and 3D
EM simulation parameters. The 3D
EM results are automatically com-
bined with the circuit simulation to
immediately analyze the EM effects
of packaging, interconnect and cou-
pling on circuit performance. This
enables the circuit designer to per-
form 3D EM analysis and EM-circuit
co-simulation seamlessly, without
manual setup errors or waiting for
scarce experts to perform the EM
analysis. The result is orders-of-
magnitude faster EM-circuit co-sim-
ulation, from weeks and months to
seconds and minutes.

CIRCUIT EVM SIMULATION

5G, automotive radar, Wi-Fi 6E
and loT—almost all wireless applica-
tions—employ digitally modulated
signals, and EVM is the common fig-
ure of merit for measuring the linear-
ity performance of a circuit or system
with digital modulation. Particularly
with increasing signal bandwidth and
modulation density, traditional rules
of thumb like P1dB or IP3 as indica-
tors of linearity are obsolete.

ADS 2021 has the first circuit
EVM simulation, using Keysight's
fast EVM measurement and com-
pact test signal algorithms (see Fig-
ure 2). The capability enables de-
signers to tune and optimize a de-
sign for EVM, removing inaccurate
rules of thumb and guesswork when
designing components or systems
with digitally modulated signals.

ADS 2021 also offers Keysight's
instrument grade 5G sources and
demodulation algorithms in a pre-
configured 5G virtual test bench
(VTB), which eliminates the com-
plicated setup for 5G compliance
tests. VTBs provide accurate com-
pliance verification for RF compo-
nent designs before the hardware is
built, establishing confidence early
in the development cycle.

LARGE-SIGNAL STABILITY
With  applications  well into
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A Fig. 3 The Winslow stability analysis in ADS 2021 unifies all traditional stability tests with one simulation.
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mmWave frequencies—5G and au-
tomotive radar at 40 and 77 GHz,
respectively—transistor gains have
increased to offset mmWave losses.
However, high gain with dense inte-
gration increase the risk of unstable
amplifiers from unintended coupling.
ADS 2021 provides a unique ampli-
fier stability analysis called the Win-
slow technique, a unified simulation
replacing 28 separate techniques
(see Figure 3). This single, all-encom-
passing stability analysis assesses am-
plifier stability under both small- and
large-signal operating regions.

SUMMARY

Pathwave ADS 2021 enables the
design, simulation and verification
of RFIC, MMIC, RF module and RF
PCB components and subsystems
for 5G and other wireless applica-
tions, with capabilities not avail-
able in competing EDA tools. Using
ADS 2021 for design, a company
can have more confidence in the
capability of its design process and
achieve early design wins.

Keysight Technologies
Santa Rosa, Calif.
www.keysight.com
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SIX DAYS THREE CONFERENCES THREE FORUMS ONE EXHIBITION

—
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EUROPEAN MICROWAVE WEEK 2020

REGISTRATION
INFORMATION

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

Register online at:
www.eumweek.com




European Microwave Week 2020

The only European event dedicated to the Microwave and RF industry

The European Microwave Week 2020 takes place in the historic
city of Utrecht. Bringing industry and academia together, the
European Microwave Week 2020 is a SIX day event, including
THREE cutting edge conferences, THREE Forums and ONE exciting
trade and technology Exhibition featuring leading players from
across the globe. EUMW 2020 provides access to the very latest

The Exhibition

Registration to the exhibition is FREE!

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

« Cutting-edge Technology - exhibitors showcase their latest
product innovations, offer hands-on demonstrations and
provide the opportunity to talk technical with the experts

products, research and initiatives in the microwave sector. It also
offers you the opportunity for face-to-face interaction with those
driving the future of microwave technology. EUMW 2020 will see
an estimated 1,500 conference delegates, over 4,000 attendees
and in excess of 300 international exhibitors (inc. Asia & US).

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

o MicroApps - attend our annual European Microwave Week
Microwave Application Seminars (MicroApps)

Be There

Exhibition Dates Opening Times
Tuesday 12t January 2021 09:30-18:00
Wednesday 13™ January 2021 09:30-17:30
Thursday 14" January 2021 09:30-16:30

The Conferences

The EuMW 2020 consists of three conferences, three forums and associated workshops:

« European Microwave Integrated Circuits Conference (EuMIC)
11112 January 2021

o European Microwave Conference (EuMC)
12t -14™ January 2021

o European Radar Conference (EURAD) 13t - 15t January 2021

* Plus Workshops and Short Courses (From 10 January 2021)

* |n addition, EuMW 2020 will include the Defence, Security and
Space Forum, the Automotive Forum and the 5G Forum

How to Register

The three conferences specifically target ground breaking
innovation in microwave research. The presentations cover the
latest trends in the field, driven by industry roadmaps. The result
is three superb conferences created from the very best papers
submitted. For the full and up to date conference programme
including a detailed description of the conferences, workshops
and short courses, please visit www.eumweek.com. There you will
also find details of our partner programme and other social events
during the week.

Registering as a Conference Delegate or Exhibition Visitor couldn't be easier. Register online and print
out your badge in seconds onsite at the Fast Track Check In Desk. Online registration is open now, up

to and during the event until 15® January 2021.

o Register online at www.eumweek.com

* Receive an email receipt with barcode

* Bring your email, barcode and photo ID with you to the event

* Go to the Fast Track Check In Desk and print out your badge

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

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

Registration opening times:

o Saturday 9t January 2021 (16:00 - 19:00)

o Sunday 10™ - Thursday 14 January 2021 (08:00 - 17:00)
o Friday 15" January 2021 (08:00 - 10.00)
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Registration Fees

Full Week ticket: Get the most out of this year's Microwave
Week with a Full Week ticket. Combine all three confer-
ences with access to the Defence, Security and Space and
the 5G forum (the Automotive forum is not included),
and top your week off with Workshops or Short Courses of
your choosing. To keep you fueled, lunch is included
everyday, as are of course the social events: the EuMIC
Get-Together, the Welcome reception and the EuRAD
seated lunch.

Registration at one conference does not allow access to
the sessions of the other conferences.

Reduced rates are offered if you have society membership
to any of the following: EUMA®, GAAS, IET or IEEE. Re-
duced rates for the conferences are also offered if you are
a Student/Senior (Full-time students 30 years or younger
and Seniors 65 or older as of 18t September 2020). The
fees shown below are invoiced in the name and on behalf
of the European Microwave Association. Fees invoiced
by EuMA with respect to the European Microwave Week
2020 are exempt from Dutch VAT. All payments must be in
€ (Euros) - cards will be debited in € (Euros).

CONFERENCES ADVANCE DISCOUNTED RATE STANDARD RATE
REGISTRATION (FROM 13TH SEPTEMBER UP T0 & INCLUDING 6" DECEMBER 2020) (FROM 7" DECEMBER 2020 & ONSITE)

Society Member © Non-Member Society Member © Non-Member
1Conference Standard Student/Sr. Standard Student/Sr. Standard Student/Sr. Standard Student/Sr.
EuMC €480- £130- €680~ £190- £680- €190~ €950~ €260~
EuMIC €310, £120- €520~ €170~ £€520- €110~ €730 € 240-
EuRAD £330~ €110~ €460~ £160- €460- £160- €650 €220~
2 Conferences Standard Student/Sr. Standard Student/Sr. Standard Student/Sr. Standard Student/Sr.
EuMC + EuMIC £ 680- €260~ £€960- €360 €960- €360- £€1340- €500~
EuMC + EuRAD €650 €250~ €910- €350 €910~ €350- £1.280- € 480-
EuMIC + EuRAD €560 € 240~ €780- €330~ €780~ £330~ £1100- €460
3 Conferences Standard Student/Sr. Standard Student/Sr. Standard Student/Sr. Standard Student/Sr.
EuMC + EuMIC + EuRAD £830- £310; £€1160- €520~ £1160;- €520- £1.630- €730~
Full Week Ticket £1.280- €750 £€1.690- €970~ £€1.630- €920~ €2180- €1.200-

© BECOME A MEMBER - NOW!

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

One can apply for EuMA membership
by ticking the appropriate box during
registration for EuMW. Membership is valid
for one year, starting when the subscription
is completed. The discount for the EUMW
fees applies immediately.

Members have full e-access to the
International Journal of Microwave and
Wireless Technologies. The printed version
of the journal is no longer available.

EUMA KNOWLEDGE CENTRE

The EuMA website has its Knowledge Centre
which presently contains over 20,000
papers published under the EuMA umbrella.
Full texts are available to EuMA members
only, who can make as many copies as they
wish, at no extra-cost.

SPECIAL FORUMS AND SESSIONS ADVANCED DISCOUNTED RATE STANDARD RATE
REGISTRATION (UPTO & INCLUDING 6™ DECEMBER 2020) (FROM 7t DECEMBER 2020 & ONSITE)
Date Delegates” All Others™ Delegates” All Others™

Automotive Forum 12t January 2021 €260- €360~ €320- €420-

5G Forum 15t January 2021 €60- €90- €80- €100
Defence, Security & Space Forum 13t January 2021 €20- €60- €20- £60-
European Microwave Student School 12t January 2021 €40- €40- €40- €40-

Tom Brazil Doctoral School of Microwaves 14t January 2021 €40- €40- €40- €40-

" those registered for EuMC, EuMIC or EURAD ™ those not registered for a conference
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Workshops and Short Courses

Despite the organiser's best efforts to ensure the availability of all listed workshops and short

courses, the list below may be subject to change. Also workshop numbering is subject to change.

Please refer to www.eumweek.com at the time of registration for final workshop availability and
numbering.

SUNDAY 10t January 2021

NL MoD
Reduced Rate

For the EuMW 2020 only, personnel of the NL

MoD can register at a reduced rate. This very
attractive rate includes access to EuRAD, the DSS
Forum and the exhibition, lunch boxes on Wednesday

and Thursday and the seated EuRAD lunch.
The Advance Discounted rate for this is € 100 -

WS01  EuMIC Full Day High Performance GaN MMICs

\ (up to and including 6™ December 2020), and
40 - from 7" December 2020 onwards.

WS-02  EuMIC/EuMC  Full Day Advanced RF Technologies for 56

€1
\ No further options or combined discounts

WS-04  EuMC Full Day Recent Advances in Additive Manufacturing of Microwave Components will be available.
WS-05  EuMIC Full Day Integrated Doherty PAs for Cellular and mmWave Applications
WS-07  EuMIC Full Day Sub-mmWave On-Wafer Measurements
WS-08  EuMIC Half DayPM  mmWave Phased Array Front-End ICs for 56
WS09  EuMIC/EuMC  HalfDayPM  Advanced Measurement Techniques for Next Generation Communication Systems
$S01 EuMIC Full Day Fundamentals of Microwave PA Design
MONDAY 11t January 2021

WM-01 EuMC Full Day Microwave Wearable Circuits and Systems for Biomedical Applications

WM-02  EuMC/EuRAD  Half Day AM  Advanced Applications of In-Band Full-Duplex Technology

WM-03  EuMC Full Day Antenna/Modules in Package for mmWave for 5G

WM-04  EuMC Full Day High-Power Microwave Industrial Applications

WM-05 EuMC Full Day Measurements at mmWave and Terahertz Frequencies of Three Measurement Quantities:

S-Parameters, Power, and Complex Permittivity of Dielectric Materials
WM-06 EuMIC/EuMC  Half Day PM  From Enabling GaN Technology to High-Performing Space-Borne SSPAs at mmWave

SM-01 EuMIC/EuMC  Half Day AM  From Device Characterisation to Amplifier Design:
Advanced Large Signal Measuring, Fast and Accurate Modelling, and Reliable Designing

SM-02 EuMC/EuRAD  Half DayPM  Multibeam Antennas and Beamforming Networks

SM-03 EuMC Half Day PM  Intuitive Microwave Filter Design with EM Simulation
TUESDAY 12t January 2021
WTu-01 EuMC Full Day Digital Predistortion for 56 MIMO Wireless Transmitters

WTu-02  EuMC/EuRAD  Half DayPM  Advanced mmWave Radar System Solutions for Industrial and Consumer Sensing Applications

WEDNESDAY 13t January 2021
WW-02  EuMIC/EuMC  Full Day High-Efficiency Linear Power Amplifiers for High Bandwidth, High PAR Signals
WW-03  EuRAD Half Day PM  Automotive Radar Networks and Sensor Fusion
SW-01  EuMIC/EuMC  Half DayAM  High Power Amplification for Space Applications
SW-02  EuMIC/EuMC  Full Day Quantum Computing for Electrical Engineers
THURSDAY 14 January 2021
WTh-01  EuRAD Half Day AM  High Resolution Radar for Automotive

WTh-02  EuMC Full Day 5G and Beyond: Enabling RF Architectures and Technologies for Emerging Wireless Systems
WTh-03  EuRAD Half Day PM  Recent Advances in Micro-Doppler Radar and its Applications
FRIDAY 15t January 2021
WE-01 EuMC Half Day AM ~ Wireless Power Transmission Recent Research Advances
WF-02  EuMC Half Day AM  Recent Advances in Topologies, Technologies and Practical Realizations of Microwave Sensors
WF03  EuMC Half Day AM  Recent Advances on Microwave Filters
WF04  EuMC Full Day Practical Aspects of Running a Microwave Laboratory and How to Make Good Measurements Every Time

SF-01 EuRAD Half Day AM  Cognitive Radar Signal Processing
SF-02 EuRAD Half Day PM  Introduction to MIMO Radar

WORKSHOPS AND IN COMBINATION WITH WITHOUT
SHORT COURSES CONFERENCE REGISTRATION CONFERENCE REGISTRATION
Society Member © Non-Member Society Member © Non-Member
Standard Student/Sr. Standard Student/Sr. Standard Student/Sr. Standard Student/Sr.
Half Day €100; €70~ €130~ €100 €130~ €100~ €170~ €130~
Full Day €140~ €100 €190 €140~ €190 €140~ €250~ €190~

Content is copyright protected and provided for personal use only - not for reproduction or retransmission.
For reprints please contact the Publisher.
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EUROPE'S PREMIER
MICROWAVE, RF, WIRELESS
AND RADAR EVENT -

DISCOUNTED
CONFERENCE RATES

Register NOW and SAVE

Discounted rates up to and including 6 December 2020.

Register online at: www.eumweek.com
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The Conferences (101- 15t January 2021)

« European Microwave Integrated Circuits Conference (EuMIC)
11th- 12t January 2021

« European Microwave Conference (EuMC) 12t~ 14" January 2021

« European Radar Conference (EuRAD) 13t- 15t January 2021

« Plus Workshops and Short Courses (10t~ 15" January 2021)

« In addition, EuMW 2020 will include the Defence, Security and Space
Forum, the Automotive Forum and the 5G Forum

The FREE Exhibition (12:"- 14" january 2021)

Register today to gain access to over 300 international exhibitors and take
the opportunity of face-to-face interaction wit" those developing the future of
microwave technology. The exhibition also features exhibitor demonstrations,
industrial workshops and the annual European Microwave Week Microwave
Application Seminars (MicroApps).

FREE
SN A EXHIBITION ENTRY

The 50th European Microwave Conference

29 EUMIC E(RAD |
KL A Register now at

www.eumweek.com

ited Circuits Conference The 17th European Radar Conference
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Multi-Channel

AWG and Digitizer
in One Box

Spectrum Instrumentation GmbH

Grosshansdorf, Germany

he hybridNETBOX is a new instru-

mentation platform for applications

that require simultaneous signal

generation and acquisition. Six
models are available, offering the choice of
two, four or eight pairs of matched arbitrary
waveform generator (AWG) and digitizer
channels, with output and sampling rates of
40, 80 and 125 MSPS (see Figure 1).

With the ability to create and acquire
signals at the same time, these products
are tailored for measurement systems that
perform automated closed loop or stimulus-
response testing. For example, they can re-
produce and capture “echo” signals, such
as radar, sonar, lidar and ultrasound. With
multi-channel capability, they can test these
systems even when arrays of transmitters
and receivers are used. The hybridNETBOX
is also suited to automated test equipment
applications where component and subas-
sembly test is fast and automated. They can
quickly determine the functionality and tol-
erance of units being tested by exercising
them with numerous, easily adjusted, com-
plex signals. This powerful testing process
can be deployed in a host of applications
like bus testing, MIMO communications, cir-
cuit verification, mechatronics and robotics.

For accurate, low noise waveform gener-
ation and acquisition, the units use the latest
16-bit digital-to-analog and analog-to-dig-
ital converter technology. All channels are
synchronized with a common clock and trig-
ger. The AWG channels can produce almost
any waveform with signal amplitudes to +6
Vinto 50 Q or +12 V into a high impedance
load. Waveform output modes include sin-
gle shot, loop, first in first out (FIFO) stream-
ing, gated replay and sequence replay. This
permits easy creation of test routines from
simple to complex.

The digitizer channels handle a wide
range of input signals, with variable input
ranges from +200 mV to +10 V and fully
programmable offset, as well as selectable
input impedance, i.e., 50 Q or 1 MQ. Single-
ended and differential measurement modes
are available. Like the AWG channels, the
digitizer supports several operating modes,
including single shot, FIFO streaming, mul-
tiple recording, gated sampling and sample
rate switching (ABA). To ensure an important
event is never missed, the digitizers have
several flexible trigger modes: channel,
external, software, window, pulse, re-arm,
spike, logic and delay.

In addition to the digitizer and AWG chan-
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LAN  Connected Arm/Trig
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LAN Reset

A Fig. 1 The front panel of the hybridNETBOX contains the digitizer and AWG channels, with digital I/O connectors to integrate the

box into a test system.

nels, the front panel of each hybrid-
NETBOX includes multiple digital
I/O connectors, so it is easy to inte-
grate units into a larger test system.
For example, synchronous marker
outputs can be used on the AWG
channels for precise control of other
devices or instruments. Similarly, the
unit can be synchronized with other
equipment by applying an external
clock and triggers. The hybridNET-
BOX instruments are fully LXI com-
pliant, so they are easily controlled
and operated by connecting to a PC
or network using the rear panel Gbit
Ethernet port.

The instruments come with all
tools to start generating waveforms
and acquiring signals. Each hybrid-
NETBOX includes Spectrum’s con-
trol software—SBench 6—for signal
generation, acquisition, display, sig-
nal processing, storage and report-
ing (see Figure 2). Using SBench
6, waveforms can be created using
standard functions and mathemati-
cal equations. Data can be acquired
with the digitizer portion of the in-
strument, then transferred to the
AWG for replay. Data sharing with
other programs or devices, such as
oscilloscopes, is possible using the
built-in import and export functions,
using binary, ASCIl or Wave formats.
Fully programmable, the hybridNET-
BOX comes with drivers for Win-
dows and Linux operating systems,
as well as programming examples
for C++, LabVIEW, MATLAB, Visual
Basic .NET, Python and other popu-
lar programming languages.

MWJOUR%(I?\L.
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A Fig. 2 The hybridNETBOX includes SBench 6, software for signal generation,
acquisition, display, signal processing, storage and reporting.

With more than 30 years de-
signing and building fast AWGs
and digitizers, Spectrum offers an
industry-leading five year warranty
for customer peace of mind. This
includes free software and firmware
updates during the lifetime of each
unit. Customers can get support
directly from Spectrum’s hardware
and software engineers.

Spectrum created the hybrid-
NETBOX series for engineers and
scientists who require precise, si-
multaneous waveform generation
and signal acquisition in manual,
automated or remotely controlled

nt%r(l)t \IS.CORYL hl% %%ected and prov1ded for personal use only - not for reproduction or retransmission.
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applications. These portable LXI
instruments offer unique hardware
and software capabilities, enabling
users to tailor the instruments to
their specific testing requirements
while speeding up testing. The
hybridNETBOX is available now,
with delivery typically two to three
weeks after receipt of a purchase
order.

YVENDORVIEW

Spectrum Instrumentation
Grosshansdorf, Germany
Www.spectrum-
instrumentation.com
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TechBriefs

he LTC®5597 is a high ac-

curacy RMS power detector

that provides a very wide RF

input bandwidth, from 100
MHz up to 70 GHz. This makes the
device suitable for a wide range of RF
and microwave applications, such as
point-to-point microwave links, SAT-
COM, instrumentation, military radio,
Wi-Fi, LTE/5G and power control ap-
plications.

The DC output voltage of the de-
tector is an accurate representation
of the average signal power applied
to the RF input, independent of in-
put waveforms with different crest
factors such as CW, WCDMA and
OFDM (LTE and Wi-Fi) signals. The
response is linear-in-dB with 28.5
mV/dB logarithmic slope over a

70 GHz Linear-in-dB
RMS Power Detector

35 dB dynamic range with typically
better than =1 dB accuracy.

The LTC5597 can measure sig-
nals down to -37 dBm, about 10
dB better than any Schottky device
which can save the expense of an
amplifier in the signal path. It has
+2 dB flat frequency response up
to 60 GHz, enables accurate mea-
surement of very broadband signals
and minimizes need for calibration
(single frequency may be sufficient).
The LTC5597 evaluation board
uses a 5 mils thick layer of Rogers
RO3003 material for the top sub-
strate to achieve low dielectric loss-
es up to 7 GHz.

The detector is well suited for
measurement of waveforms with
crest factor as high as 12 dB and
waveforms that exhibit a significant
variation of the crest factor during
measurement. To achieve higher

accuracy and lower output ripple,
the averaging bandwidth can be
externally adjusted by a capacitor
connected between the FLTR and
OUT pins. The enable interface
switches the device between ac-
tive measurement mode and a low
power shutdown mode.

The LTC5597 is a unique RMS
detector operating above 40 GHz,
enabling accurate power measure-
ment in Q- and V-Band SATCOM,
point-to-point links and a range of
instrumentation and ATE equip-
ment. It is a much more compact,
higher performance solution than
alternative discretely built and
tuned Schottky detectors and other
competing solutions.

\VENDORVIEW

Analog Devices
Norwood, Mass.
www.analog.com
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oday'’s communication
standards, such as 5G, are
using higher frequencies
and wider bandwidths. To
support testing these new wireless
standards, the thinkRF™ D4000 RF
Downconverter/Tuner extends the
performance of lower frequency
RF test equipment to 40 GHz. Us-
ing thinkRF's tuner technology, the
D4000 is the industry’s first 40 GHz
RF down-converter and tuner. The
high performance, plug-and-play,
portable platform enables mobile
operators and system integrators
to use existing field, lab and manu-
facturing test equipment, which ex-
tends the life of their investments
while reducing the time to market for
the new generation of 5G systems.

110

Easily Extend Low
Frequency Test
Equipment to mmWave

The D4000 covers 24 to 40 GHz
— the currently defined FR2 bands
for 5G — with 500 MHz of analog
bandwidth. It has a single IF out-
put, enabling easy integration with
lower frequency spectrum analyzers
and receivers, and the built-in local
oscillator eliminates the need for an
external synthesizer. Sophisticated
pre-select filtering rejects out-of-
band signals and reduces spurs
which could interfere with the “real”
signals within the analysis band.

Multiple D4000 units can be
synchronized to create a com-
pound signal monitoring system,
particularly when more than 500
MHz  instantaneous  bandwidth
must be monitored. 10 MHz input
and output clock references enable

Content is copyright protected and pr0V1c.1ed for personal use only - not for reproducﬁ}ﬁ\r}J ShEsiransmyission
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clock synchronization with external
equipment. Using complementary
thinkRF receivers, a monitoring sys-
tem can be extended to cover lower
frequencies, such as the sub-6 GHz
5G bands.

The D4000 is controlled with
standard configuration protocols
using SCPI commands over an Eth-
ernet interface. The size of the unit
is 7.6 in. x 7.6 in. x 1.6 in., and it
weighs 3.7 lbs. — making the D4000
RF Downconverter/Tuner portable,
as well as versatile and easy to use.

thinkRF
Ottawa, Canada
www.thinkrf.com
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he new version of XFdtd®

3D EM Simulation Soft-

ware includes features to

address 5G mmWave an-
tenna design challenges, adding
support for high performance tun-
ers and singularity correction. Also,
enhancements to importing printed
circuit boards (PCB) save time in the
design workflow.

As mobile devices grow in com-
plexity, engineers are challenged
to include more antennas in less
space while maximizing efficiency.
Multi-port RF devices such as tuners
and switches are used to optimize
band coverage. To accommodate
these innovations, XFdtd's Circuit
Element Optimizer now includes

Catch up on the latest industry news with the bi-weekly

> video update Frequency Matters from Microwave Journal
@ www.microwavejournal.com/frequencymatters

Modernizing Measurements
with 110 GHz Coaxial
Components

[[
Demystifying Popular
Waveguide Antenna,

Structures

MWJOUR%?\L.

Sponsored By [ JMini-Circuits’

TechBrief

mmWave Antenna
Design Advancements

in XFdtd

multi-port device functionality, en-
abling engineers to incorporate and
test these components in matching
network simulations.

Singularity correction is a so-
phisticated meshing method that
accurately captures highly varying
electromagnetic fields around the
conductive edges of geometries
such as antennas and transmission
lines. XFdtd adjusts the electric
and magnetic field values adjacent
to metallic edges during time step-
ping. For higher frequency and
mmWave designs, where numer-
ous antennas and components cre-
ate high spatial field variations, sin-
gularity correction can significantly
improve the accuracy and increase
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confidence in the expected behav-
ior of a device.

This new XFdtd release also in-
cludes enhancements to importing
PCBs, enabling the documentation
layers to be imported alongside the
geometry. These layers typically in-
clude useful manufacturer informa-
tion, such as the build date of the
device and ID number. Lumped
circuit components specified in
ODB++ and BRD files are also im-
ported, eliminating the need to
manually add them.

JVENDORVIEW

Remcom Inc.
State College, Pa.
www.remcom.com
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Frequency Matters.

DEVICES

AHEAD OF WHAT'S POSSIBLE™

B Engineering SOI Substrates
for Wireless Front-Ends

Acoustic Filter Technologies
Compete for the Mobile
Phone Front-End




CatalogUpdate

Learn About ERZIA’s
Latest Products Inside
the 2020 Product Guide
\‘D\/ENDORVIEW

ERZIA Technologies has released its
new Product Guide for 2020. The
new product guide presents a newly expanded product portfolio
in an easy-to-access format. The PDF contains links directly to the
web page for each product so you can quickly and painlessly get
to the product information that matters to you most. The current
lineup of ERZIA products includes some of the most robust de-
vices and modules available. The guide details LNAs and HPAs by
bandwidth and lists all of ERZIA's microwave assemblies.

ERZIA Technologies
https://www.erzia.com

Download K&L
Microwave’s Product
Catalogs Today!

K&L Microwave designs and manu-
factures a full line of RF and micro-
wave filters, duplexers and subas-
semblies, including ceramic, lumped
element, cavity, waveguide and tun-
able filters. K&L supplies many of to-
day’s most significant military and homeland security electronics
programs. Applications include space flight, radar, communica-
tions, guidance systems and mobile radio base stations, as well
as air traffic communication and control.

K&L Microwave
www.klmicrowave.com

' g Download

Catalog
and More

Brochure: Aerospace,
Security & Defence

Rosenberger provides a comprehen-
sive portfolio of high-reliable inter-
connect components and devices
qualified for spaceflight, aerospace,
security and defence applications.
A wide range of products fulfill the
stringent requirements of MIL-PRF
39012 standard, DIN EN 9100 or
even ESCC Certification of the Euro-
pean Space Agency. A new brochure
showcases Rosenberger’s wide prod-
uct range qualified for this area—RF
coaxial components, microwave components and cable assem-
blies, RF test and measurement products or fibre optic connectiv-
ity components.

Rosenberger
www.rosenberger.com/aerospace

Wide Range of Products
for Space Connectivity
Solutions

JVENDORVIEW

HUBER+SUHNER has published an
updated edition of their catalogue
for space applications which includes
a variety of cable assemblies, con-
nectors and solutions designed spe-
cifically for space flight, satellite com-
munication applications and ground
testing in clean rooms or thermal-vac-
uum environments. Sourcing, trace-
ability and assembly processes are
performed according to ESA, NASA and MIL standards. Benefit
from vast heritage and expertise in developing and manufactur-
ing state-of-the art microwave components offering outstanding
electrical and mechanical performance.

HUBER+SUHNER AG
hubersuhner.com

New Product Guide

JVENDORVIEW

Mini-Circuits continues to release
new products at a record pace. The
Q4 2019 New Product Guide show-
cases some of the company’s latest
model releases including ultra-wide-
band coaxial amplifiers up to 43.5
GHz, MMIC splitter/combiners with
multi-octave bandwidths from DC to
43.5 GHz, connectorized passives up
to 65 GHz, new LTCC products and
more.

Mini-Circuits
www.minicircuits.com

2019
NEW PRODUCT

Extend the Range of Your
Existing RF Equipment to
40 GHz, Economically

Enhance the lifetime of your RF sys-
tems with small, versatile, cost-ef-
fective, networkable and low power
thinkRF D4000 RF Downconverter/Tuner. 500 MHz analog band-
width, built-in local oscillators, pre-select filtering and single IF
output in smaller than a notebook and light (3.7 Ib.) form factor.
Mobile operators, system integrators, defence and aerospace
agencies can retain existing critical EW RF platforms, field, lab
and manufacturing test equipment, extend the life of their invest-
ment, reduce time to market and costs when measuring 5G sig-
nals.

thinkRF

https://thinkrf.com/products/rf-downconverters/
d4000-rf-downconverter/
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NEW PRODUCTS

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

COMPONENTS

Bandpass Filter Bank
)VENDORVIEW
AM3152 is a
\/ Q tunable bandpass
filter bank covering
the 0.4 to 8 GHz
The device contains three tunable filter
bands each with 256 discrete cutoff states
and a low-loss filter bypass path. AM3152 is
providing both low insertion loss and
valuable flexibility for tuning center
frequency and bandwidth. Its small size,
attractive choice for demanding applications
requiring low SWaP components.
Atlanta Micro Inc.

miniature digitally
frequency range in a 6 mm QFN package.
an excellent front-end for a receiver
weight and power consumption make it an
www.atlantamicro.com

Mini Air Core Inductors

Coilcraft has released
L

their latest mini air
core inductors, the

'\ S 151_2SP/2712SP
Series. Specs for the
\as*"} series include

inductance values
from 2.5 to 150 nH (tolerances as low as 2
percent), tight tolerance can eliminate circuit
tuning, acrylic jacket provides a flat top for
pick and place, exceptionally high Q over a
wide frequency range, solder coated leads
ensure reliable soldering, wide range of
standard EIA inductance values, available in
two sizes.

Coilcraft

www.coilcraft.com

Three-Way Power Divider/Combiner

Model PO3N0O03180
is a three-way 0.3 to
18 GHz DC pass
through power
divider/combiner, it
has 2.7 dB maximum
insertion loss, 16 dB minimum isolation,
1.5: 1 maximum VSWR, +0.6 dB amplitude
balance and +5 phase balance. The input
power as the power divider is 20 W average.
As combiner, it can stand for 5 W average
input power. The size is 279.4 x 40.6 x
12.7 mm, the operating temperature is -54°
to +85°C.

Fuzhou Micable Electronic Technology Co.
Ltd.

www.micable.cn

Y
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mmWave Controlled Components

General Microwave
Corp. is a key partner
with major OEM’s and
primes, having been
chosen for their broad
and comprehensive
understanding of
mmWave controlled components. General
Microwave offers a wide range of mmWave
products operating in the 18 to 40 GHz
frequency range including catalog attenua-
tors, switches and phase shifters as well as
integrated microwave assemblies. If it is a
standard catalog unit or a highly customized
mmWave product designed specifically for
high performance, General Microwave can
provide products to support your require-
ments.

Kratos General Microwave Corp.
wwwkratosmed.com

26 to 34 GHz, 20 dB
Directional Couplers

YJVENDORVIEW

MECA expanded its
offering of 5G
mmWave products.
Featuring 10 dB
couplers covering 26
to 34 GHz with 2.92
mm interfaces. Typical specifications of
1.5:1 VSWR, 15 dB directivity, 1 dB
insertion loss and 0.4 dB frequency
sensitivity. Also available are attenuators,
terminations, bias tee’s, DC blocks and
adapters. Additionally octave and multi-
octave models covering up to 50 GHz built
by J-Standard certified assemblers and
technicians. Made in U.S. and 36-month
warranty.

MECA Electronics Inc.
www.e-meca.com/mmwave-products/
couplers

MLBF-Filter Test Box

500 MHz to 50 GHz
standard models
utilize any bandpass
or band reject filter
manufactured by
Micro Lambda are
available today.
Bandpass filter models cover 500 MHz to
50 GHz and are available in four, six and
seven stage configurations. Band reject
(notch) filter models cover 500 MHz to 20
GHz and are available in 10, 12, 14 and 16
stage configurations. Units are specified to
operate over the lab environment of +15°C
to +55°C, are CE certified and LabVIEW
compatible.

Micro Lambda Wireless
www.microlambdaWireless.com

Switch Matrix Controls

YJVENDORVIEW

Mini-Circuits’ model
RC-2SPDT-A26 is a
broadband single-
pole, double-throw
(SPDT) switch matrix
well suited for
systems and test
applications from DC to 26.5 GHz. It
consists of a pair of independent absorptive
SPDT electromechanical switches with
Ethernet and USB connectivity that can be
controlled directly from a personal computer
or over a network with user-friendly software
for Windows operating systems. The 50 Q
switches operate with 25 ms typical
switching speed in failsafe, make-before-
break configurations on a +26 V DC supply
at operating temperatures from O to +40°C.
Mini-Circuits

www.minicircuits.com

High Power Capacitors

PPl
Lt L
i

i L
2225 3838 BDA0 7878 1313

FPolr=eran

Passive Plus, Inc. (PPI) is known for their
outstanding customer service, high-quality
product line, competitive pricing and quick
delivery times. While other companies are
pushing out their lead-times for product
delivery, PPl is committed to being able to
deliver your needs as quickly as possible. As
PPI tries to keep a full inventory in stock,
depending on the capacitor and quantities
needed, delivery times can be stock to eight
weeks.

Passive Plus Inc.

www.passiveplus.com

Phase Modulators
VENDORVIEW

Pasternack has just
launched a new line of
bi-phase modulators
that includes a
comprehensive
selection of nine
different models
covering broad octave
frequency bands ranging from 0.5 to 40 GHz.
Bi-phase modulators take a TTL level digital
bits stream that is encoded onto the RF
carrier using 2 Phase Shift Keying (2PSK)
modulation, where the two phases are
separated by 180 degrees. This performance
is desirable in communications systems,
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Connecting Minds. Exchanging ldeas.

6 _" " IEEE MTT-S
JUNE International

Microwave

2021 Symposium
Atlanta, Georgia

e ¢ Featuring the world’s largest gathering of industry
- leading companies with more than 600 exhibitors

¢ Connected Future Summit (formerly 5G Summit)
showcasing the next-generation wireless
technologies for mobility, V2X and loT

 Technical Program — Oral / Poster Sessions,
Workshops, Technical Lectures, and Panel and
Rump Sessions

¢ Project Connect for underrepresented minority
engineering students, and the Ph.D. Student
Initiative for new students

¢ Networking events for Amateur Radio (HAM)
enthusiasts, Women in Engineering (WIE)/Women
in Microwaves (WIM), and Young Professionals (YP)
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Directional Couplers

Antenna
Beamformers

5
90°/180° Hybrids

Monopulse
Comparators

MADE IN USA

50 Intervale Road, Boonton, NJ 07005
Tel: 973-394-1719 - Fax: 973-394-1710

www.etiworld.com

NewProducts

microwave radio, radar, high-data-rate test
and measurement, serial data transmission,
base station infrastructure and other
industrial and military applications.
Pasternack

www.pasternack.com

RF Limiter
)VENDORVIEW

PMI model no. LM-20M18G-100 W-15 DBM
is an RF limiter that operates in the
frequency range of 20 MHz to 18 GHz. This
limiter can handle up to 100 W CW more
than 20 MHz to 18 GHz, for all tempera-
tures (-55°C to +85°C). The energy input
provides leaks of +15 dBm maximum. This
model has a low insertion loss of 2.60 dB
and a maximum recovery time of 100 ns,
limiting threshold (P1dB) +5 dBm minimum
and VSWR of 2.0:1 maximum at -10 dBm
input power.

Planar Monolithics Industries Inc.
www.pmi-rf.com

Dual PIN Limiter Diode Module

Skyworks introduced
a high linearity, low
threshold, dual PIN
limiter diode module
that addresses the
growing need for
receiver protection in
cellular infrastructure (including 5G) and
microwave radio communications. The
SKY16603-632LF is a fully integrated
module comprised of two PIN limiter diodes
and two DC blocking caps designed for use
as a passive receiver protector in wireless
systems up to 6 GHz. It can also be used in
broad market wireless systems including
VSAT, S-Band radar, military communications
transceivers, jammers, GPS, test instru-
ments, automotive and Wi-Fi applications.
Skyworks Solutions Inc.
www.skyworksinc.com

CABLES & CONNECTORS

Aluminum Flat Wires

Bruker-Spaleck supplies the engineered flat
wire solution out of aluminum (also high purity
aluminum AI99,99) for your requirements, no
matter if you want to bond circuit boards,
connect several electrical components (e.g. in
battery modules or cables) for spring
applications or save weight and metal costs.
They are able to produce the finest dimen-
sions in the range t = 0.050 ... 0.400 mm / w
= 0.400 ... 4.000 mm. Several customers are
already using their flat wire out of aluminum in
their products.

Bruker-Spaleck

www.bruker-spaleck.com

Adaptor Series

Response Microwave
Inc. announced the
availability of
between-series 1.0
mm to 1.85 mm to its
comprehensive
adaptor series for use
2 = in ATE and production
applications. Operational from DC to 65
GHz, the new product offers maximum
VSWR of 1.25:1 and insertion loss of 0.07
x Vf x 0.5 dB maximum. Units withstand
the -55°C to +105°C temperature range and
configurations are available in all gender
combinations for each interface.
Response Microwave Inc.
www.responsemicrowave.com

AMPLIFIERS

Broadband Amplifier
)VENDORVIEW

The model 1000A400 is a
solid-state, self-contained,
air-cooled, broadband
amplifier designed for
applications where
instantaneous bandwidth,
high gain and linearity are
required. The model
1000A400, when used with a sweep
generator, will provide a minimum of 1,000 W
of RF power. Included is a front panel gain
control which permits the operator to
conveniently set the desired output level. The
RF amplifier stages are protected from
overtemperature by removing the DC voltage
to them if an over-temperature condition
occurs due to cooling blockage or fan failure.
AR RF/Microwave Instrumentation
www.arworld.us

Amplifier
)VENDORVIEW

Exodus AMP2120-3 is
designed for broad-
band EMI-Lab, Comm.
and EW applications.
Ultra-wide frequency range, class A/AB linear
design for all modulations and industry test
standards. Covering 1 to 18 GHz, producing
20 W minimum and 25 W typical with a
minimum gain of 43 dB. Excellent gain
flatness, optional monitoring parameters for
forward/reflected power, VSWR, voltage,
current and temperature sensing with superb
reliability and ruggedness.
Exodus Advanced Communications
www.exoduscomm.com

18 to 42 GHz Connectorized Low-
Noise Amplifier
i Richardson RFPD Inc.

oL announced the
e availability of a new
i wideband low-noise

amplifier from ERZIA
Technologies S.L. The ERZ-
LNA-1800-4200-24-6 provides a gain of 24
dB with a noise figure of 5 dB. The device’s
compact size and modularity make it ideal
for a wide range of applications, including
industrial, SATCOM, aerospace and military.
Richardson RFPD
www.richardsonrfpd.com
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NewProducts
SOURCES
SFS Series PLOs
)VENDORVIEW
Z-Communciations’
SFS series PLOs offer
. high performance and
\ / quick integration for
- various RF applica-
tions. The SFS2400E-
LF offers a fixed frequency output of 2.4
GHz, with a user supplied reference of 10
MHz. For a higher form of integration, the
RFS15000C-LF, with its on-board reference,
will speed up design and time to market.
Provide a 5 Vcc and 3 Vce supply to
generate a fixed frequency of 15 GHz.
Further optimization is available through
custom reference source and loop band-
width filter designs.
Z-Communications
www.zcomm.com

SOFTWARE

3D Geometry Models
J)VENDORVIEW

Modelithics introduces

MLGOGO3S

19 full-wave EM
capable 3D geometry
models for the TDK
MLGO603S series
surface mount
inductor. The models
are now available within Modelithics
COMPLETE+3D Library for Ansys® HFSS™.
Individual 3D models are available from 0.9 to
100 nH and are validated against multi-sub-
strate measured S-parameters through 20
GHz and ESR, as well as against the
corresponding Modelithics CLR Global Circuit
model. TDK is a Sponsoring Modelithics
Vendor Partner and is sponsoring free 90-day
trials of all available Modelithics TDK models.
Modelithics
www.modelithics.com/mvp/tdk

P —

e —
“rModelithics"

TEST & MEASUREMENT

MilliBox Products
Y)VENDORVIEW

The mini-chambers fit
on lab benches as a
personal test setup.
Construction is easily
customizable and
configurable with
robust and lightweight
material for everyday use. Features include:
compact and economical, 80 cm far-field
distance, gimbal and horn mounts included,
laser guided alignment, open software
controller interface over USB. Designed for
applications between 18 to 95 GHz. Best
suited for 24 GHz radar, 5G (NR) UE, 60 GHz
modules. MilliBox products are cost
effective test tools and accessories
specially designed for mmWave over-the-air
measurements.

Milliwave Silicon Solutions Inc.
www.millibox.org

MWJOUR(R&

Ultra 3U VPX Modul Dynamic
Engagement System

= SPEC has expanded
its tactical and range
systems to include
the ADEP T4000 ultra
3U VPX module
dynamic engagement
system, which pairs a
100 MHz to 20 GHz
VPX transceiver with a
digital signal
processing board. The flight-qualified system
can generate up to 4,000 false targets and
a kinematic scenario programming
environment. Includes features such as:
multiple output channels for complex
simulations, MTI and SAR simulation, 1 GHz
instantaneous bandwidth, <60 dB dynamic
range and multiple resolution options.
Systems & Processes Engineering Corp.
(SPEC)

www.spec.com

Downconverter/Tuner

Increase frequency
performance of your
RF test equipment to
40 GHz without
buying a whole new
suite of analyzers, a
large capital investment and requiring any
intensive training. The D4000 RF downcon-
verter/tuner has 500 MHz of analog
bandwidth—the widest on the market in this
compact (7.6"x7.6"x1.6"), light (1.7 Ib.)
form factor. D4000 requires low power;
ideal for spectrum monitoring, antenna
pattern and beamforming airborne verifica-
tion application, interference hunting, signal
acquisition and RF drive-testing.

thinkRF

www.thinkrf.com

MICRO-ADS

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

» Super low noise RF
amplifiers

> Broadband low noise
amplifiers

» Input PIN diode protected low
noise amplifiers

» General purpose gain block
amplifiers

» High power RF amplifiers
and broadband power
amplifiers

> RF isolators and
circulators

» High power coaxial and
waveguide terminations

» High power coaxial
attenuators

> PIN diode power limiters

» Active up and down
converters

Wenteq Microwave Corporation
138 W Pomona Ave, Monrovia, CA 91016
Phone: (626) 305-6666, Fax: (626) 602-3101
Email: sales@wenteq.com, Website: www.wenteq.com

Coatings for
EMI/RFI Shielding
X5 Series Electrically Conductive

Elastomeric Systems

Silver filled

Shielding effectiveness:
90-110dB

Nickel filled
Shielding effectiveness:
40-60 dB

Graphite filled
Shielding effectiveness:
40-50 dB

¢ MASTER

+1.201.343.8983 « main@masterbond.com
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100 to 1000 Volt Lab Pulsers

Avtech offers a full
line of 100, 200, 500,
700 and 1000 Volt
user-friendly
pulsers capable of
driving impedances
of 50 Q and higher.
The AVR Series is
suitable for
semiconductor and laser diode character-
ization, time-of-flight applications,
attenuator testing, and other applications
requiring 10, 20, or 50 ns rise times, pulse
widths from 100 ns to 100 us, and PRFs up
to 100 kHz. GPIB & RS-232 ports are
standard, VXI Ethernet is optional.

Avtech Electrosystems Ltd.
http://www.avtechpulse.com/

Nanosecond Electronics
Since 1975

| TR=42 ns

200 V/DIV
400 ns/DIV
Model AVR-8A-B




BookEnd

his authoritative resource

I presents a comprehensive il-
lustration of modern artificial
intelligence/machine learning (Al/
ML) technology for radio frequency
data exploitation. It identifies tech-
nical challenges, benefits and direc-
tions of deep learning based ob-
ject classification using radar data,
including synthetic aperture radar
(SAR) and high range resolution
(HRR) radar. The performance of Al/
ML algorithms is provided from an

Deep Learning for Radar and Communications
Automatic Target Recognition

Uttam K. Majumder, Erik P. Blasch, David A. Garren

overview of ML theory that includes
history, background primer and ex-
amples. Radar data issues of collec-
tion, application and examples for
SAR/HRR data and communication
signals analysis are discussed. In ad-
dition, Deep Learning for Radar and
Communications Automatic Target
Recognition presents practical con-
siderations of deploying such tech-
niques, including performance eval-
uation, energy-efficient computing
and the future unresolved issues.

To order this book, contact:
Artech House
www.artechhouse.com
Email: artech@artechhouse.com
US 800-225-9977
UK +44 (0)20 70596 8750

ISBN: 978-1-63081-637-7
290 pages
$179
£146
Use code MAJ25 to receive 25% discount on
this title! (expires 10/31/2020)

https://us.artechhouse.com/Deep-Learning-for-
Radar-and-Communications-Automatic-Target-
Recognition-P2074.aspx
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EUROPEAN MICROWAVE WEEK 2021

EXCEL LONDON EXHIBITION
& CONVENTION CENTRE, LONDON, UK

10TH — 15TH OCTOBER 2021
THE 24TH EUROPEAN MICROWAVE WEEK COMBINES:

e The European Microwave Conference (EuMC)
e The European Microwave Integrated Circuits Conference (EuMIC)
e The European Radar Conference (EURAD)

PLUS
Workshops, Short Courses and Special Sessions
e The Defence, Security and Space Forum
e The Automotive Forum
e The Beyond 5G Forum
e Student Activities
e The European Microwave Exhibition
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RFlis an independent design house specializing

in the design and development of microwave and

mmWave RFICs, MMICs and modules. Unusual in
the sector of high frequency components and subsys-
tems, PRFI has no catalog of standard products. Instead,
it sells its design services to equipment manufacturers,
as well as the component manufacturers themselves. To
suit precise customer requirements, most of its designs
are application specific and some technology demonstra-
tors to establish the feasibility of new techniques or the
ability to meet emerging requirements, like 5G mmWave
beamforming.

Formerly known as Flextek RFI, the company’s highly
experienced team of eight design engineers has developed
more than 100 custom microwave and mmWave ICs using
arange of GaAs and GaN processes and foundries, includ-
ing GCS, Qorvo, Sanan IC, UMS, WIN Semiconductors and
Wolfspeed. Among the MMIC designs: mmWave 5G ICs
and modules for the world's leading telecom companies, in-
cluding a single chip front-end module for 28 GHz 5G. The
team simulates designs using Keysight ADS, for which
PRFI's senior designers are “certified experts.”

This IC design expertise is complemented by practi-
cal experience with mmWave surface-mount packaging,
including overmolded and air-cavity plastic and custom
laminate. PRFI has a track record developing high frequen-
cy packaging solutions proven for volume production. The
team has also developed many microwave and mmWave
modules and subsystems, including high power amplifiers
and gain and phase control modules.

PCB fabrication and assembly, chip and wire assembly
and prototype module production are all subcontracted, in

PRFI: Developing Microwave and mmWave MMICs, RFICs and Modules

W | o

many cases to local specialist companies around Cam-
bridge, UK., near PRFI's labs and offices. Subcontract
packaging of PRFI-designed ICs occurs both in the UK.

and offshore. Testing of ICs and modules, with tuning and
adjustments to modules, can be performed on site. PRFI's
2,800-square-foot facility in Great Chesterford includes
two laboratories: a mmWave clean room for measuring bare
die using direct, on-wafer probing and an RF lab for measur-
ing connectorized modules and packaged components.
Test capabilities include S-parameters, power compres-
sion, IP3 and noise figure to 50 GHz.

PRFI's clients are an international “Who's Who" of the
microwave industry, names such as Analog Devices, Inmar-
sat, Qorvo, Sony, Raytheon, Thales, pSemi, Samsung, TDK
and BAE Systems. Many customers, including Sony and
Qorvo, have engaged multiple successful designs with PRFL
Sony cites “professionalism, attention to detail and their
ability to quickly grasp the project requirements and key
targets” among its reasons for collaborating with PRFI.
Raytheon says it is “very impressed by the level of MMIC
design experience at PRFI, where the team demonstrated
both in-depth technical knowledge and a detailed commer-
cial understanding.”

The name change to PRFlin July 2020 was motivated
to avoid confusion with Plextek Services Ltd., with whom
it still shares the site. PRFl has been an independent
limited company since 2015, originally formed from the
RF Integration Group within Plextek Ltd. Inits 20-year
history, PRFI has been recognized across the world as an
innovator designing microwave and mmWave RFICs, MMICs
and modules.
www.prfi.com
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C-Band

E-Plane 16-Way Combiner
5300 - 5900 MHz
12,000 W CW, 2.5 MW Peak

WR159 Output, Half Height WR159 Inputs

« Combine Multiple High Power
Solid State Power Amplifiers

* Planar Structures

* N-Way Architectures

« Coaxial or Waveguide Inputs

* Extremely Low Insertion Loss

* Scalable for S, C, X, Ku, Ka Bands

Patented Werlatone Technology

* CW & Peak Power of E-Plane Limited by Power Handling of Waveguide Output Connector Rating.

Frequency Output Waveguide | Radial Combiners | E-Plane Combiners
S-Band WR284 = 2.0 kW CW = 36.0 kW CW
C-Band WR159 = 1.6 kW CW = 12.0 kW CW
X-Band WR90 =~ 0.55 kW CW = 2.4 KW CW
Ku-Band WR62 =~ 0.42 kW CW = 1.4 KW CW
Ka-Band WR28 = 0.02 kW CW ~ 0.4 KW CW
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