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A Cost-Effective Method to
Measure Vehicle Antenna
Radiation Patterns and Data
Throughput

Jan Carlsson
RanLOS AB, Gothenburg, Sweden

ehicles are becoming

more dependent on reli-

able radio communica-

tions, whether it be for
safety or autonomous driving-relat-
ed systems or data streaming for
software updates or entertainment
purposes. The capabilities and per-
formance of these systems and ser-
vices have become important dif-
ferentiators in the competition for
customers. Even so, only a handful
of vehicle manufacturers around the
world have invested in test systems
to measure antenna performance
and connectivity. The main reasons
for this are that conventional mea-
suring technologies are complex,
often time-consuming to use and
require special test facilities, along
with large investments. In contrast,
the RanLOS test system represents
an affordable and easy-to-use alter-
native solution. The RanLOS system
can be used on an ongoing basis
during the development process
to guarantee reliable and superior
performance of the end product.
This article explains the ideas and
technology behind the RanLOS test
system and how it enables vehicle
manufacturers to measure both an-

18

tenna radiation patterns and over-
the-air (OTA) data throughput in a
cost-efficient way.

BACKGROUND

One way to evaluate the perfor-
mance of a radio communication
system is to measure its perfor-
mance in the actual environment
of use. For vehicles, this is normally
referred to as a drive test and this
simply means that the vehicle is
driven around on public roads.
This is how many vehicle manu-
facturers test their systems today.
However, this method poses ques-
tions; is the environment the same
today as it was the last time the
measurements were done and are
the results comparable? Does the
environment represent typical use?
Are all the possible cases covered?
The answer to all these questions
is, strictly speaking, no, bringing
into question the value of the tests.
Another problem is that a drive test
requires a vehicle that is almost fin-
ished, which in many cases cannot
be driven around in public, at least
not during the daytime, due to se-
crecy. Due to all the practical prob-
lems and the limited value of drive

tests, other approaches have been
proposed. One such approach is to
mimic the environment in a labora-
tory setup. This can be achieved by
placing several antennas in a circle,
a hemisphere or a similar configu-
ration around the vehicle. These
antennas are then fed with suitable
signals to mimic a real environment.
With such a setup, it is possible to
generate waves coming from dif-
ferent directions that simulate re-
flections, diffraction and scattering
from objects in a real environment.
The questions then become what
environment gets simulated and is
this environment the worst case?
Another question is how many dif-
ferent types of environments should
the test bed emulate to build the
confidence level that the test needs
have been covered sufficiently.

To begin addressing these ques-
tions, the RanLOS founder, Per-Si-
mon Kildal, a professor at Chalmers
University of Technology founded
Bluetest in 2000. Bluetest made
manufacturing reverberation cham-
bers to test mobile devices in rich
isotropic multipath (RIMP) envi-
ronments. The RIMP environment
contains many isotropic multipath

MW]JOURNAL.COM m SEPTEMBER 2023



The only
QPL Certified

MECHANICAL
SWITCH

House!

RUGGED & RELIABLE

Quick Turn

RF FILTER

Prototypes
are in our DNA!

L-4241A
S/N 2206001

AGILE & ADAPTIVE

Huge Library
of PASSIVES

with Best in Show

HIGH POWER
COUPLER

offering!

HIGH POWER & VARIETY

RF MECHANICAL SWITCHES,

RF FILTERS & RF PASSIVES
AS9100 CERTIFIED, MADE IN USA

High Performance Precision Microwave Components
Serving the world-wide aerospace & defense community since 1959

Robust Catalog Portfolio - no hassle, quick turn, custom solutions our specialty

RLC Electronics | 83 Radio Circle, Mt. Kisco, NY 10549 | 914-241-1334 | sales@rlcelectronics.com | www.rlcelectronics.com




CoverfFeature

waves with signals coming from all
possible directions, amplitudes,
phases and polarizations.! Professor
Kildal began to formulate the idea
that to accurately test a communica-
tion system, the line-of-sight (LOS)
environment must be replicated as
well. The LOS environment contains
only a single wave incident on the
vehicle under test. That environ-
ment replicates traditional point-
to-point communication links. As
he explored these boundary condi-
tions in 2013, Professor Kildal came
up with the idea that it would be
necessary to test a communication
system in both the RIMP and LOS
edge environments.?

In 2016, Professor Kildal founded
RanLOS to manufacture test sys-
tems that accommodated this LOS
edge environment. The RIMP envi-
ronment presents an extreme mul-
tipath environment that we rarely
see in real life, but which can be
emulated in a reverberation cham-
ber. In the LOS edge environment,
there is only a single wave incident
on the vehicle under test. This is
another type of environment that
rarely occurs in real life, but Profes-
sor Kildal hypothesized that all real
environments could be described
as something in between these two
edge environments. He concluded
that if a device is performing well in
both edge environments, it will also
perform well in a real environment.
Also, if a device is not performing

well in either of the two edge envi-
ronments, it will probably not per-
form well in a real environment, or
at least not as well as a device that
does better in both edge environ-
ments. Since Professor Kildal's pass-
ing in 2016, the theoretical and de-
velopment work has been carried
out by an expert team including
his daughter Madeleine.3 Based on
these theories, RanLOS has devel-
oped OTA measurement systems
for vehicular applications as well as
for smaller mmWave devices. Fig-
ure 1 shows the latest production
version of an OTA test system for
vehicles.

RANLOS TEST SYSTEM AND
APPLICATIONS

The RanLOS test system con-
sists of a cylindrical reflector fed
by a linear array of dual polarized
antennas, along with software for
controlling measurement instru-
ments and other peripheral devices.
Supported measurement instru-
ments include vector network ana-
lyzers (VNAs) and communication
test instruments. One example of
a peripheral device is a turntable
that could also be a 3D positioner.
The software controls the measure-
ment steps and collects measured
data, as well as performing post-
processing and visualizing results
in different ways. The feed array is
easily exchangeable and it covers
an octave bandwidth. To cover the

Dimensions:

A Fig. 1 The RanLOS test system for
vehicular applications.

0.75 to 6 GHz frequency band, the
most useful frequencies for vehicu-
lar communication systems used to-
day, three feed arrays are needed.
RanLOS has developed feed arrays
that operate up to 6 GHz. Feed ar-
rays for higher frequencies are on
the roadmap, so existing customers
can easily upgrade with no need to
alter the reflector.

The RanLOS hardware can be
viewed as a passive two-port, dual
polarized antenna that generates a
plane wave at a short distance. In
function, it is very similar to the feed
horn and spherical reflector used in
a traditional compact antenna test

Conduct Full Vector S-parameter Measurements at

x*_suucl(msw

Wide Distances of Up to 100 Meters

Powered by PhaseLync technology, the ShockLine ME7869A enables engineers to
synchronize two portable ShockLine MS46131A modular VNAs and connect them to
aDUT or AUT to conduct vector transmission measurements over distances of up to
100 meters, and at a lower cost. PhaseLync synchronization eliminates the need for
long testport cable runs while simplifying set up and improving dynamic range and
stability of S-parameter measurements in OTA and other long distance applications.

® N

3 o
G} ® O
PhaselLync Lower Cost Simplified Secure

Technology of Test VNA Testing Content

Discover how you can achieve measurement excellence over long distances with Anritsu.
Visit www.anritsu.com/test-measurement

/l n ri tSU Advancing beyond

~®

=
‘ &J SHOCKLINE" ME7869A Powered by PhaseLync" Technology © 2023 Anritsu Company

20 MWJOURNAL.COM m SEPTEMBER 2023



System Alliance

SINGLE PAIR ETHERNET

Single Pair Ethernet (SPE) Connectors

One wire pair — an infinite number of applica- RoSPE-Industrial

tions. Using power over data line (PoDL), parallel ® |ndustrial SPE connectors
high-performance data and power transmission ® Developed in cooperation with leading
is supported via just one Ethernet wire pair. manufacturers

A ding to IEC 63171 to 2.5 GH
Rosenberger provides two innovative SPE coording 1o upto z

connector series

RoSPE-HMTD

B Space saving, lightweight and robust
differential SPE connectors

®  For Ethernet applications up to 15 GHz or
20 Gbps

®m Based on H-MTD® automotive series with
industrial housings

www.rosenberger.com/spe/

Rosenberger



CERNEX , Ine.
& CernexWave

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

TO 500GHz “ M

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

e COUPLERS UP TO 220GHz

o [SOLATORS/CIRCULATORS UP
TO 160GHz

oFILTERS/DIPLEXERS/SOURCES
UP TO 160GHz

oSWITCHES UP TO 160GHz

oPHASE SHIFTERS UP TO 160GHz

o TRANSITIONS/ADAPTERS UP TO
500GHz

e WAVEGUIDE PRODUCTS UP TO
1THz

o TERMINATIONS/LOADS UP TO
325GHz

eMIXERS UP TO 500GHz

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

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

Tel: (408) 541-9226 Fax:(408) 541-9229
WWW.Cernex.com Wwww.cernexwave.com
E mail: sales@cernex .com

22

CoverfFeature

range. One advantage of the cylin-
drically shaped reflector is that it is
easier and cheaper to manufacture
as compared to a double-curved
reflector. It is also scalable in width
and can be made in sections.
Figure 2 shows a weather-pro-
tected outdoor measurement range
with the RanLOS test system in front
of a vehicle under test. The vehicle
is placed on a turntable so that it can
be rotated in front of the reflector.
The reflector shown in Figure 2 con-
sists of four identical sections and
even though the reflector antenna is
physically large, it is equipped with
wheels to make handling easier. This
makes it possible to conveniently
roll the reflector in and out of EMC
chambers that many automotive
manufacturers already have. The
RanLOS setup makes it possible to
measure antenna performance and
connectivity in an existing chamber.

ANTENNA RADIATION
PATTERN MEASUREMENTS

As can be seen in Figure 2, the
vehicle under test is placed on a

A Fig. 2 The RanLOS test system.

Passive Measurement

RanLOS Test
System

RanLOS
Software
S

Vector Network
Analyzer (VNA)

RF Cable

A Fig. 3 Measurement setup for an antenna radiation pattern

measurement.

Antenna Under Test (AUT)

turntable in front of the reflector. By
rotating the turntable, the vehicle
will experience an incident wave
from different directions, emulating
the LOS edge environment. Since
the generated field is a plane wave,
this results in farfield conditions
and far-field parameters such as the
antenna gain pattern of a vehicle-
mounted antenna can be measured
by the test personnel. The gain
pattern is measured by connecting
one port of a VNA to the antenna
on the vehicle and the other port to
the RanLOS system to measure the
signal transmission. The test setup,
with all connections, is shown sche-
matically in Figure 3. To enable
rotation, it is preferable that the
turntable be equipped with a rotary
joint for the RF cable.

The feed array has two ports, one
for each polarization. With a 4-port
VNA, it is possible to measure both
polarizations simultaneously, for up
to two vehicle-mounted antennas.
If absolute gain values are desired,
a calibration must be done first, us-
ing a reference antenna with known

gain.

As a perfor-
mance comparison
with other mea-

surement methods,
Figure 4a shows
a Polestar body
with a monopole
antenna placed on
the roof in the Ran-
| LOS measurement

setup.* Figure 4b
shows the same
Polestar body and
antenna combina-
tion measured in
an advanced ac-
credited near-field
to farfield (NF-FF)
range in Denmark.
Finally, Figure 4c
shows the gain
pattern for the two
test setups mea-
sured at 2.6 GHz.
The agreement be-
tween the two test
methods is very
good. In the NF-
FF measurement of
Figure 4b, the field
is probed in points
on a hemisphere

Turntable
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around the vehicle and later post-
processed to obtain the farfield
gain. The time for a measurement
using the RanLOS system depends

RanLOS

(c)

A Fig. 4 (a) RanLOS system measuring a
monopole on the roof of a Polestar body.
(b) Monopole on the roof of a Polestar
body in an accredited NF-FF antenna

test range. (c) Measured antenna gain
patterns for the Polestar monopole.

Active Measurement (2 X 2 MIMO)

RanLOS Test
System

— /Rags

Software

Turntable

Communication
Tester

Vehicle Under Test \

Tests can be done with
vehicle on dynamomenter.

on the instrumentation and the time
to rotate the turntable one revolu-
tion. The rotation can be done in dis-
crete steps or continuously, in which
case, the measurements are taken
on the fly. The measurement in the
RanLOS chamber in Figure 4a took
less than 10 minutes, implying that
the RanLOS system can be used as
an engineering tool for investigat-
ing how the performance is affected
by factors such as antenna position,
type or manufacturer.

CONNECTIVITY
MEASUREMENTS

In modern vehicles, the antenna
is often tightly integrated with the
radio module with the consequence
that we do not have access to the
antenna ports needed for measur-
ing the antenna gain pattern. In such
cases, a communication test instru-
ment is connected to the RanLOS
system instead of a VNA and OTA
measurements of characteristics like
the throughput can be performed.
A typical measurement setup, in this
case for an LTE 2 x 2 MIMO OTA
measurement, is shown in Figure 5.

In the measurement setup in Fig-
ure 5, the communication test in-
strument, together with the RanLOS
system, act as a base station send-
ing a data stream to the antennas
and radio modem in the vehicle.
This is the downlink. The uplink,
which normally is configured to have
a lower data speed and modulation
scheme, is connected to the instru-
ment via a separate antenna. In
Figure 6, several measured down-
link throughput curves for the 2 x 2
MIMO LTE system as a function of
power for different
rotation angles of
the vehicle under
test are shown.

Each curve cor-
(VuT) responds to one
angle of rotation
of the turntable,
representing differ-
ent incident signal
paths as seen by
the receiving an-
tennas on the ve-
hicle. As expected,
the throughput is
at a maximum val-

Uplink
(UL Antenna)

RF Cable
with LNA

A Fig. 5 Typical measurement setup when the antenna cannot Ue for high power

be accessed.

levels. When the
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LTE 2 x 2 MIMO, Band 2, Ch 900, 64 QAM cal safety~ systems.

100 Such investiga-
5 % (1l ”‘ /,r ’( tions can be done
& 80 ' 11 conveniently in
g 7 [ 1T ] an EMC chamber
2 60 [ T 11T 1 equipped with a
£ ig [ M1 ] dynamometer  so
9 5 | T T 1 that the vehicle can
® L1 ] be run in realistic
€ 10 Nl / operation modes.
- [ J ] , In these cases, the
-125  -120 -115 -110 -105 -100  -95 -90 | RanLOS test sys-
Power (dBm/15 kHz) tem is a useful tool.

A Fig. 6 Measured downlink throughput as a function of

power and vehicle rotation angle.

power is decreased and we ap-
proach the sensitivity level of the
radio module, the throughput falls
to zero very quickly and we lose the
connection. From Figure 6, it can
also be seen that there is almost a
20 dB difference between the best,
leftmost curve and the worst, right-
most curve, cases. In practice, this
means that the maximum distance
to the base station to maintain con-
nectivity will be different for differ-
ent orientations of the vehicle to the
base station. This delta between
best and worst cases translates to
a sizable difference in distance. As
an example, if the maximum com-
munication distance is 10 km in the
best case, it will only be about 1 km
in the worst case. This assumes pure
LOS communication in free space.
If we have electromagnetic dis-
turbances at the downlink frequency
coming from sources in the sur-
roundings or from internal sources in
the vehicle, we expect all the curves
to be shifted to the right in Figure 6.
The consequence of disturbances is
that the maximum communication
distance will be shorter. The reduc-
tion in communication distance will
be the same in all directions if the
disturbances are coming from the
vehicle, but this is not necessarily the
case if the disturbances are coming
from the surroundings. Due to the
large number of electronic control
units in modern vehicles, there are
many possible sources of distur-
bances. It is therefore important for
vehicle manufacturers to be able to
investigate the possible influence of
disturbances on the radio commu-
nication quality, especially for criti-

CONCLUSION

RanLOS has de-
veloped a unique,
patented OTA test system including
both hardware and software for mea-
suring antenna performance metrics
as well as connectivity quality. The
system is mobile, so it can easily
be rolled in and out of an existing
semi-anechoic chamber, like EMC
chambers that many vehicle manu-
facturers already have. The system
should not be seen as a competitor
to advanced specially-tailored an-
tenna test ranges, but rather as an
engineering tool that can be used
regularly to improve antenna per
formance and connectivity quality,
especially for vehicular applications.
The system is future-proof in the
sense that the frequency range can
be extended simply by exchanging
the feed array with testing to 3G,
4G or 5G radio requirements deter-
mined by auxiliary instruments. B
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The Automotive Market
Will Be a Growth Engine
for the Semiconductor

Industry

Asif Anwar

Techinsights, Milton Keynes, England

he macroeconomic chal-
lenges posed by the con-
flict in Ukraine, the Chinese
property sector crisis, Euro-
pean energy prices and subsequent
global inflationary pressures have
served to dampen consumer confi-
dence as disposable income dries
up. This has resulted in semiconduc-
tor demand from smartphones, data
centers and consumer electronics
floundering. The automotive sec-
tor has to date been relatively resil-
ient and consequently, automotive
semiconductor demand is bucking
the trend. The Techlnsights “Au-
tomotive Semiconductor Demand
Outlook 2021 to 2030" forecasts
continued growth with the global
automotive semiconductor market
serving as a growth engine for the
overall semiconductor industry.’

AUTOMOTIVE
SEMICONDUCTOR DEMAND
OUTLOOK

In 2022, the global demand for
automotive semiconductors based
on original equipment manufacturer
(OEM) vehicle production grew by
24 percent year-on-year to reach
$54 billion, averaged across all ap-
plications, including sensors. A

28

combination of strong demand and
constrained supply translated into
semiconductor pricing increases
which also served to further bolster
revenues for the automotive semi-
conductor industry. In 2023, the au-
tomotive semiconductor market is
forecast to grow by 19 percent and
the referenced report forecasts that
the global automotive semiconduc-
tor market will almost triple by 2030.

This revenue increase is not be-
ing driven by a tripling of vehicle
output. Instead, it is the semicon-
ductor content per vehicle that is
increasing over this timeframe. This
is reflected by growth trends across
the vehicle domains of powertrain,
body, chassis, safety and driver info-
tainment, as well as the emergence
of a zonal domain. The semicon-
ductor growth rate

automotive industry moves towards
domain-based and zonal electrical/
electronic (E/E) architectures. The
goal is to enable vehicle capabilities
across advanced driver assistance
systems (ADAS) and automated
driving (AD), along with advanced
infotainment, telematics and vehi-
cle connectivity.

Growth of the “zonal” domain
will be predicated upon the move
towards new platforms that will be
underpinned by battery electric ve-
hicles. Semiconductor demand from
zonal controllers will grow at a com-
pounded average annual growth
rate (CAAGR) of 83.5 percent from
2022 to 2027. This demand will ac-
count for an additional $84.7 billion
of cumulative demand from 2022
to 2030, as it drives up the use of

performance  for
. . Zonal
these domains is ,
. . Driver Info*
shown in Figure 1. bod
Underpinning f° y
this growth  will Sa ot
be the continued Chassis
momentum to- | Powertrain
wards electrifica- 0 10
tion.  Electrifica-

20 30 40 50 60 70 80 90
Percent (%)

tion, in turn, is a
core tenet as the

A Fig. 1 Automotive semiconductor growth by domain.
Source: Techlnsights forecast.
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A Fig. 2 xEV powertrain semiconductor demand.
Source: TechlInsights.

increasingly sophisticated semiconductor processors
to support the push toward a software-defined vehicle
(SDV).

The continued expansion of OEM electric vehicle
(XEV) offerings is driving high levels of semiconductor
growth, particularly for power electronics and battery
management components within the powertrain do-
main. The powertrain domain is forecast to grow with a
CAAGR of 18 percent from 2022 to 2027. As outlined
in the Techlnsights “xEV Semiconductor Demand Out-
look 2021-2030,"2 xEV light vehicle powertrain pro-
duction, incorporating mild hybrid, full hybrid, plug-in
hybrid and battery electric vehicles, will grow from 21
million units in 2022 to reach 58 million units by 2030.

The push to electrified powertrains is being dictated by
consumer awareness and government regulations and
mandates related to climate change and the need to
reduce emissions and slow the impacts of global warm-
ing. With timelines ranging from 2030 to 2040, several
countries have put into play policies that effectively ban
the sales of internal combustion engine-based vehicles.

The corresponding xEV powertrain  semiconduc-
tor demand from battery management systems, DC/
DC converters, main traction inverter, electric motor
and onboard charger and other systems is forecast to
grow at a CAAGR of 24 percent, reaching $31 billion
by 2030. The system segmentation for the total semi-
conductor revenue in xEV powertrains is shown in Fig-
ure 2. Battery electric vehicles will comprise the largest
market for semiconductors growing at a CAAGR of 31
percent and accounting for 86 percent of the total xEV
powertrain semiconductor market opportunity in 2030.
The move to battery electric vehicles will be accompa-
nied by a push towards increasing use of wide bandgap
technologies. By 2030, the industry will be approaching
a tipping point when silicon carbide (SiC) semiconduc-
tor demand starts to exceed that of silicon power semi-
conductors. There will also be an emerging opportunity
for GaN power electronics.

While xEV powertrains become mainstream, the
number of ADAS/AD sensors per vehicle will continue
to grow. This will mean that the safety domain will grow
at a faster CAAGR of 21 percent from 2022 to 2027.
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Safety domain growth is driven by
a combination of rapid ADAS adop-
tion in premium and mid-range
vehicles, continuing penetration
growth of passive safety systems in
the emerging markets and the inclu-
sion of additional safety systems to
meet safety rating requirements.

A trend toward LED-based light-
ing and more sophisticated and ca-
pable gateway modules will drive
automotive semiconductor demand
from the body domain. The body
domain will grow at a CAAGR of
13.0 percent and will be an early
driver for system-on-chip (SoC)-
based processing requirements,
as well as underpinning moves to-
wards Ethernet-based in-vehicle
networking from gateway modules.
Other growth areas will include
adaptive front lighting matrix, LED
front lighting and near-field commu-
nication enhanced passive keyless
entry systems.

Automotive semiconductor de-
mand from the driver info domain
will be driven by a move towards
centralization of infotainment, driver

instrumentation and other function-
ality. Fully flat panel and high-end
hybrid primary instrumentation clus-
ters are the high growth drivers for
semiconductors demand, as vehicle
OEMs compete to differentiate
the look and feel of their products
through innovations in the clusters
and A/V infotainment systems. A
move towards centralization of in-
fotainment, driver instrumentation
and other functionality will drive
cockpit-domain controller concepts
that start to bleed over into cross-
domain territory with ADAS sys-
tems. This will further positively im-
pact driver information architectures
and semiconductor requirements.

Semiconductor demand from the
chassis domain will remain the most
conservative over the forecast time-
frame, but there are some notable
areas of growth in drive-by-wire sys-
tems for braking and steering.

This will translate to semiconduc-
tor content per vehicle increasing by
over 181 percent over the 2022 to
2027 timeframe. By 2030 there will
be on average $1400 of semicon-
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ductor content, including semicon-

ductor-based sensors, per vehicle.

These trends will be reflected in the

breakdown of the automotive semi-

conductor market by device type,
with automotive processor demand
accounting for the largest share of
the automotive semiconductor mar-
ket followed by demand for power
semiconductors and linear devices.

e Memory exhibits the highest
CAAGR from 2022 to 2027 and
will be shaped by continued de-
mand for high performance pro-
cessing in ADAS applications and
high-end infotainment graphics.

® Processor demand will also see
an increasing shift towards SoCs
versus microcontrollers as the
market adopts zonal architec-
tures and looks to high perfor-
mance compute capabilities to
meet the needs of the battery
electric SDV.

e Power semiconductor growth will
be driven by the move towards
electrification driving opportuni-
ties for SiC and GaN as well as
mainstream silicon power semi-
conductors.

* Linear devices incorporate a
broad range of devices. Growth
will be driven by demand for RF-
ICs from automotive radar ap-
plications, ADC-based battery
management ICs and demand
for in-vehicle network transceiv-
ers like CAN/CAN-FD, LIN, Eth-
ernet, MOST, FlexRay, etc.

* Optoelectronic device demand
will come from exterior and inte-
rior lighting as well as the use of
optoisolators in xEV platforms.

ARE WE AT THE END OF
SEMICONDUCTOR SHORTAGES
YET?

During the global lockdown pe-
riod, the decision by many automo-
tive OEMs to stop ordering mate-
rials as they shuttered production
effectively put the industry at the
back of the queue. When produc-
tion started up again, a feeding
frenzy placed an excessive strain on
automotive-specific  semiconduc-
tor technologies, especially those
based on older process nodes like
28 nm, 40 nm, etc. The fabs run-
ning these processes had typically
not been upgraded so they filled up
very quickly. With little overhead,
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these facilities have continued run-
ning at full capacity leading to sig-
nificant bottlenecks and forming
one of three contributing factors
that resulted in the automotive
semiconductor shortage.

While the supply of these more
mature products started to close
the gap with demand in the second
half of 2022, the push towards elec-
trification provided the other two
contributing factors to the semi-
conductor shortage. As automotive
OEMs started to follow early leader
Tesla into electrification, the pre-
mium sector became the primary
target as companies looked to re-
tain profitability amidst the signifi-
cantly higher costs associated with
the electrified powertrain. The push
to premium sector vehicles brought
with it a near doubling of semicon-
ductor content compounding the
bottleneck even as overall produc-
tion volumes remained low.

The third contributor centered
around electrification plus the as-
sociated trends around ADAS/AD,
infotainment systems, connectivity,

domain and zonal/centralized archi-
tectures. This shifted focus towards
higher performance and specialized
semiconductor requirements that
were not in place before 2021. This
shift in focus represented a supply-
demand imbalance that continued
to be worked through in 2022 and
has rolled over into 2023.
Consequently, suppliers were
playing catch-up to demand in
2022 with global automotive semi-
conductor revenue growth continu-
ing to outstrip year-on-year vehicle
production and resultant semicon-
ductor demand from vehicles pro-
duced. At the same time, semicon-
ductor demand per vehicle has also
been growing. This combination
of strong demand and constrained
supply further translated into semi-
conductor pricing increases which
served to bolster revenues.
However, there were signs that
the mismatch between automotive
semiconductor industry revenues
and actual semiconductor demand
was closing, with 21 percent year-on-
year semiconductor demand from
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vehicles produced translating to a
$54 billion market in 2022. TechlIn-
sights estimates that 2022 automo-
tive semiconductor vendor revenues
increased 27 percent year-on-year,
growing from $46 billion in 2021 to
$59 billion. Moving into 2023, analy-
sis on lead times and inventories at
companies such as NXP, Renesas
and Rohm affirms a trend that shows
the overall move towards a more
normal supply-demand dynamic.
However, Techlnsights believes that
while we are starting to see the be-
ginning of the end of the semicon-
ductor shortage, a normalization of
the supply-demand balance will not
start to be observed until the second

half of 2023.

AUTOMOTIVE
SEMICONDUCTOR MARKET
LEADERS

Techlnsights’ annual “Automo-
tive Semiconductor Vendor Mar-
ket Share”3 survey and top-down
analysis of automotive semicon-
ductor vendor sales revenues and
market shares concluded that 2022
automotive semiconductor ven-
dor revenues increased 27 percent
year-on-year, growing from $46 bil-
lion in 2021 to $59 billion. Infineon
maintained the top spot in the 2022
automotive semiconductor vendor
market share rankings while NXP
remained in second place. Renesas,
blighted by the effects of a weak
Yen, slipped from third position
to fifth. STMicroelectronics took
third place and Texas Instruments
jumped into fourth place. Collec-
tively, these top five vendors ac-
counted for 49 percent of the 2022
automotive semiconductor vendor

Top 5 Vendors
Own
49% Share

Top Four
37%

STMicroelectronics

Texas
Instruments

Renesas

A Fig. 3 2022 automotive
semiconductor market snapshot. Source:
Techinsights.
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A Fig. 4 Automotive semiconductor index. Source: Techinsights.

revenues. The bottom half of the
top 10 includes onsemi, Bosch, ADI,
Micron and Qualcomm. The top
10 companies grew their collective
share of global automotive semi-
conductor revenues in 2022 to 71
percent versus 69 percent in 2021.
Figure 3 shows the 2022 snapshot
of the automotive semiconductor
market share.

The automotive sector has, to
date, been relatively resilient and
consequently, automotive semi-
conductor demand is bucking the
broader consumer electronics trend.
This is reflected in the Techlnsights
Auto Semi Index shown in Figure 4
as presented in the quarterly “Auto-
motive Semiconductor Industry Per-
formance Snapshot,”4 This report
tracks the automotive revenues for
10 of the leading publicly quoted
automotive semiconductor compa-
nies and shows continued quarter-
on-quarter growth.

CONCLUSION

Despite the headwinds created
by geopolitical events like the con-
flict in Ukraine, property sector is-
sues in China, a global increase in
energy prices and the subsequent
global inflationary pressures that
these and other events have stirred
up, the automotive sector has been
resilient. In the face of dampened
consumer confidence and decreas-
ing disposable income, global
demand for automotive semicon-
ductors grew by 24 percent year-
on-year to $54 billion in 2022. A
combination of strong demand and
constrained supply translated into

semiconductor pricing increases
which have bolstered revenues for
the automotive semiconductor in-
dustry. With these headwinds con-
spiring to reduce demand for smart-
phones, data centers and consumer
electronics, the automotive sector
has been a powerful growth engine
for the semiconductor industry.

The Techinsights “Automotive
Semiconductor Demand Outlook
2021 to 2030” report forecasts
that automotive semiconductor
demand will grow by 19 percent
in 2023, enabled by the continued
momentum towards electrification.
This will translate to automotive
semiconductor demand serving as
the growth engine for the overall
semiconductor industry, growing at
a CAAGR of almost 17 percent over
the 2022 to 2027 five-year period.
The result will be automotive semi-
conductor demand almost tripling
to $144 billion by 2030. ®
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OCTAVE BAND LOW NOISE AMPLIFIERS

Model No. reg GHz2)  Gain (@8) MIN  Noise Figure 8)  Power-out@pid8  3rd Order ICP VSWR
CA0T-2110 28 MAX, 0.7 TYP +10 MIN +20 dBm  2.0:1
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20 dBm  2.0:1
(A24-2111 2.0-4.0 29 1.1 MAX, 0.95 TYP +10 MIN +20 dBm  2.0:1
(A48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm  2.0:1
(A1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20 dBm  2.0:1
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPI.IFIERS

CAO1-2111 04-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20dBm  2.0:1
CA0T1-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A23-3111 2.2-2.4 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
CA23-3116 2.7-2.9 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A34-2110 3.7-4.2 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(CA56-3110 54-59 40 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA784110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A13153110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm 2.0
CA34-6116 3.1-35 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 59-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm  2.0:1
CAB12-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40 dBm  2.0:1
CAB12-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm 2.0
CA1213-7110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBBm  2.0:1
(A1415-7110 14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm  2.0:1
(A1722-4110  17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31 dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Fregi (GHz)  Gain (@) MIN  Noise Flgure @)  Power-out@pid8 3rd Order ICP VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 + +20dBm  2.0:1
CA0T06-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20dBm  2.0:1
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dm  2.0:]
(A02-3112 0.5-2.0 36 45 MAX, 2.5TYP +30 MIN +40 dBm  2.0:1
CA26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20dBm  2.0:1
CA26-4114 2.0-6.0 22 5.0 MAX, 3.5TYP +30 MIN +40dBm  2.0:1
CA618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33dBm  2.0:1
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 dBm  2.0:1
CA218-4116 2.0-18.0 30 3.5 MAX 2.8 TYP +10 MIN +20dBm  2.0:1
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5TYP +20 MIN +30dBm  2.0:1
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 BBm  2.0:1
LIMITING AMPLIFIERS

Model No. Freq (6Hz)  Input Dynamic Range Ourput Power Ra Bge Psat Power Flutness dB  VSWR
(CLA24-4001 2.0-4.0 -28 t0 +10 dBm +7 to +1 5 MA 2.0:1
(LA26-8001 2.0-6.0 -50 to +20 dBm +14 to +] 8 dBm +/ 1 SMAX 201
(lA712-5001  7.0-12.4  -21to+10dBm +14 to +19 dBm +/-1.5MAX  2.0:1
(LA618-1201  6.0-18.0  -50 fo +20 dBm +14 10 +19 dBm +/-1.5MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION

Model No. Freq (642 Gain (@8) MIN  Noise Figure (@8)  Power-out@P1d8 Gain Attenuation Range VSWR
CA001-2511A  0.025-0.150 21 5.0 MAX, 3. +12 30 dB MIN 2.0:1
CA05-3110A 0.5:5.5 23 25MAX, T.5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 25 MAX, 1.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5TYP  +12 MIN 15 dB MIN 1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CA1518-4110A  15.0-18.0 30 3.0 MAX, 2.0TYP  +18 MIN 20dBMIN  1.85:1
LOW FREQUENCY AMPLIFIERS

Model No. Freq (6Hz)  Gain @8) MIN  Noise Flgure dB  Power-out@pids  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23 dBm 2.0:1
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm  2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35dBm  2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1
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New Radar, Game-Changing Capability

n a sign of further confidence in the future
of the Eurofighter Typhoon program, the UK
Ministry of Defence has awarded BAE Sys-
tems a £870 million contract to deliver a new radar to
enhance the Royal Air Force’s Typhoon fighter jet fleet.

Lyndon Hoyle, head of Typhoon Delivery Team, Min-
istry of Defence DE&S, said the funding will to lead to
initial flight testing in 2024 and the overall objective of
project to turn the ECRS Mk2 prototype into something
that is operationally capable over the next five years.

The radar will strengthen the aircraft's control of the
airspace and provide cutting-edge electronic warfare
capabilities. The contract is part of the U.K. Government
announcement, made in July 2022, to invest £2.35 bil-
lion in the continued technology advancements in Ty-
phoon capabilities, as recognition of its long-term role
supporting national security and defense priorities.

BAE Systems leads the overall design, development,
manufacture and upgrade of the Typhoon aircraft for
the U.K. and Leonardo is the lead for the aircraft's main
sensing and sur-
vivability — systems
including its radar
and defensive aids
subsystem.

BAE  Systems
received the proto-
type ECRS Mk2 ra-
dar from Leonardo
in April and has already clocked up hundreds of hours
of ‘flying” without ever once leaving the ground.

Some might have assumed that the ECRS Mk2 would
go straight into a development aircraft and then into
the skies. However, the fact is one of the world’s most
sophisticated radars is being tested in a unique build-
ing on the edge of the runway at BAE Systems’ Warton
base, known as the Integrated Test Facility (ITF). It is
being initially put through its paces there to help save
time, money and manpower as well as the environmen-
tal damage from countless flights.

A test Typhoon aircraft BS116 is already being pre-
pared by the BAE Systems team at Warton so that it is
ready to receive the prototype radar ready for flight tri-
als once it has been through a series of tests in the ITF.
Typhoon is a highly capable and extremely agile multi-
role combat aircraft. It is capable of being deployed for
the full spectrum of air operations, including air polic-
ing, peace support and high intensity conflict.

James Glazebrook, deputy director — Europe, BAE
Systems, told a media briefing at BAE Systems Inte-
gration and Test Facility that the ECRS Mk2 will take
Typhoon'’s capability to the next level. He said, “It will
bring new electronic attack and electronic warfare capa-
bilities, enabling the aircraft to simultaneously detect,

For More
Information
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Eurofighter (Source: Eurofighter)

DefenseNews
Cliff Drubin, Associate Technical Editor I |

identify and track multiple targets in the air and on the
ground.”

As an electronic attack and warfare tool the ECRS
Mk2 will be incredibly capable — able to carry out so-
phisticated electronic warfare functions while perform-
ing its primary role as an air-to-air radar sensor.

The Safe Integration of Drones into
Airspace is Getting Closer

ensor solutions provider HENSOLDT is taking
the development of its collision warning sys-
tem for civil and military drones to a new level.
The demonstrator study for a detect-and-avoid (DAA) ra-
dar, commissioned by the Federal Office of Bundeswehr
Equipment, Information Technology and In-Service Sup-
port (BAAINBw), enables a further step toward the safe
integration of drones into controlled airspace.

The German customer has drawn up requirements
for an investigation into the implementation of a
gradual and full-scale airspace integration of the EU-
RODRONE. For this, a DAA system is foreseeably nec-
essary, which is to be ad-
vanced in a gradual series
development.

In the run-up to this
future development of a
DAA system, HENSOLDT
' — as a long-standing part-
> ner of the German Armed
DAA Radar (Source: Hensoldt) Forces in the field of radar
technology — has car
ried out risk-minimizing national and European studies
regarding the concept and design of a special radar
sensor system for such a DAA system. The flight test
campaigns carried out and the results obtained in the
course of these studies in preparation for development
are already proving the functional capability.

The DAA radar is one of the decisive sensors in a
complex DAA system on board unmanned aerial ve-
hicles. It supports the calculation of evasive maneuvers
for collision avoidance by detecting, classifying and
forming complete tracks of approaching objects in the
airspace. Due to the multifunctional design of this radar,
the requirements for integrating a weather radar func-
tion and a possible perspective regarding the support
of a separate landing aid will also be considered.

The currently commissioned study for the DAA radar
includes the investigation of the technical feasibility for
the EURODRONE project, the verification with a near-
series demonstrator as well as risk mitigation for a fu-
ture series development. Since the novel DAA radar is a
flight- and mission-critical component, the study deals,
particularly, with the implementation of safety require-
ments and the approval strategy at national and inter-

-
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national aviation safety authorities (EASA, LBA) as well
as military organizations.

NGC to Design an Autonomous Vertical
Takeoff and Landing Aircraft

orthrop Grumman Corporation (NGC) has

been awarded a contract by the Defense Ad-

vanced Research Project Agency's (DARPA)
Tactical Technology Office to design an autonomous
vertical takeoff and landing (VTOL) uncrewed aircraft
system capable of operating from a moving Navy ship
at sea.

The AdvaNced airCraft Infrastructure-Less Launch
And RecoverY (ANCILLARY) demonstrator will be de-
signed as a cost-efficient, multiple-mission capable ve-
hicle built on an agile platform that is runway indepen-
dent.

It will be capable of carrying a large 60-pound sensor
payload with greater endurance of 20 hours’ time on
station and mission radius range of 100 nautical miles,
which is more than current systems, without using sig-
nificant additional infrastructure aside from what is on
board the air vehicle. The system will also have the ca-
pability to land on a ship in adverse weather conditions.

The aircraft
will be capable
of  performing
intelligence,
surveillance, re-
connaissance
§ and targeting
| missions, and
supporting ex-
peditionary mis-
sions for special
operations forc-
es and logistical missions with significant affordability
impacts for ship-to-shore transition of parts and sup-

lies.

P DARPA's ANCILLARY program aims to develop and
flight demonstrate an X-plane with the critical tech-
nologies required for a leap-ahead in long endurance,
VTOL unmanned air system (UAS) performance. The
UAS will be able to launch and recover from ship flight
decks and small austere land locations in adverse
weather without additional infrastructure equipment,
thus enabling expeditionary deployments. Unlike large
VTOL systems, the small UAS size will enable many air-
craft to be stored and operated from one ship creating
a tactical beyond-line-of-site, multi-intelligence sensor
network capability.
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Overview of the Semiconductor Devices
Industry

ole Intelligence released its “Overview of the

Semiconductor Devices Industry 2023" re-

port. According to the report, the trillion dol-
lar semiconductor industry is poised for a new cycle of
growth fueled by breakthroughs in artificial intelligence
(Al), quantum computing, 5G and specialized applica-
tions.

Semiconductor device revenue peaked in 2022 at
$573 billion and is expected to retreat 7 percent to
$534 billion in 2023. This industry plays a critical role
in enabling technological advancements across various
sectors, including mobile and consumer, infrastructure,
automotive and industrial. Over the past few decades,
the industry has experienced a sustained 6.4 percent
compound annual growth rate, driven by increasing de-
mand for mobile and consumer electronics, the rise of
internet applications such as social media and the rapid
digitalization of most industries.

ICs are becoming smaller, more powerful and capa-
ble of handling complex tasks, paving the way for new
technology advancements such as Al, machine learning
and edge computing. This evolution presents both op-
portunities and challenges for companies in the indus-
try, requiring them to invest massively in research and
development and capital expenditure for new foundries
to maintain significance in this fast-paced ecosystem.

The semiconductor device industry relies heavily on
global ecosystems, making supply chain resilience and
risk mitigation crucial for sustained success. Recent dis-
ruptions and geopolitical tensions have highlighted the
vulnerabilities of the semiconductor supply chain.

The semiconductor industry is geographically con-
centrated in a few places, primarily the U.S., Taiwan,
Korea, Japan, Europe and mainland China. The domi-
nance of U.S.-based semiconductor device companies
is historical; in the last five years, they have maintained
a 53 percent market share. If we combine all types of
semiconductor company business models, i.e., add-
ing the open foundries, OSAT, equipment and material
companies, the market share of U.S. companies drops

SEMICONDUCTOR INDUSTRY VALUE CHAIN

Semiconductor Industry Value Chain (Source: Yole Intelligence)

For More
Information
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to 41 percent; and if only the added value is consid-
ered, then the U.S. share becomes 32 percent, and this
number has been diminishing at a rate of 1 percentage
point per year in the last five years.

At the center of competition is the More Moore node
race in the manufacturing process, currently 7, 5 and 3
nm, as well as future smaller nodes. These cutting-edge
processes enable higher transistor density, improved
performance and energy efficiency though they pose
significant challenges in terms of development costs,
yield rates and manufacturing complexity. The indus-
try is, therefore, actively exploring innovative solutions
through More than Moore approaches. NAND memory
is headed full steam into 3D stacking, while advanced
packaging has become vital for all leading players.
Many innovation trends are driving the semiconductor
industry; wide bandgap compound semiconductors,
photonic integration, quantum computing and neuro-
morphics will play roles in expanding the industry.

Toward 90 Percent of Cars Connected in
2028: What are the Driving Forces?

he connectivity module market is project-

ed to grow from US$2.9 billion in 2023 to

US$6.1 billion in 2028 with a compound an-
nual growth rate (CAGR) of 16 percent. Nevertheless,
according to Yole Intelligence, the landscape is evolv-
ing rapidly, with compelling use cases like teleoperated
autonomous vehicles and automated valet parking ex-
pected to be implemented by the end of the decade.
New car assessment programs (NCAPs), especially
China NCAP and EuroNCAP, are also driving vehicle-
to-everything (V2X) adoption as soon as 2025.

Yole Intelligence has combined its long expertise in
semiconductors and its deep knowledge of automotive
connectivity technologies and markets to deliver this
first edition of the RF for connected vehicles report. This
study provides market metrics and forecasts for automo-
tive connectivity. It analyzes the drivers and challenges
for automotive connectivity adoption and presents the
main technological trends and ongoing developments
in automotive connectivity with a focus on 5G RedCap
and Global Navigation Satellite System (GNSS) correc-
tion services. This report also discusses the main play-
ers across the automotive connectivity supply chain and
analyzes how the business models and supply chains
are evolving.

Regarding V2X, NXP initially led with its DSRC chip-
set, but due to regulatory challenges and the introduc-
tion of cellular-V2X, Autotalks and Qualcomm gained
prominence. Qualcomm’s advantage lies in its scale and
the integration of V2Xin the cellular baseband, aligning
with non-safety applications. However, for safety-relat-
ed V2X applications in the future, Autotalks is expected

Visit mwjournal.com for more commercial market news.
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to excel as a standalone V2X is necessary for Automo-
tive Safety Integrity Level (ASIL)-B certification.

Qualcomm’s integration of GNSS capabilities in its
cellular baseband impacted U-Blox's position in the
telematics control unit business. However, with safety
becoming a requirement for future applications, GNSS
players like u-blox are seeing renewed interest.

Consolidation has occurred among sub-system com-
panies, such as the merger of Telit and Thales’ module
business and the equity acquisition of Rolling Wireless
by Fibocom. At the Tier 1 level, consolidation has al-
ready occurred, with Valeo acquiring Peiker and Sam-
sung purchasing Harman. However, there are still nu-
merous small-scale companies in the supply chain that
may be acquired as the market continues to grow.

Vehicular Child Presence Detection to
Drive 3.5M 60 GHz Automotive Radar
Shipments in 2030

river and occupant monitoring systems will
be the fastest-growing active safety system
over the decade, growing at a CAGR of 25
percent between 2023 and 2030, according to a new
report by ABI Research. Regulation and the standard-
ized testing of fatigue detection, attention assistance
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and child presence detection (CPD) in safety rating
agencies, such as the National Highway Traffic Safety
Administration’s NCAP, drive this growth.

mmWave radar is the ideal technology for CPD. This
safety application detects if children have either been
left behind or have gained access to a vehicle and be-
come trapped inside. CPD detects signs of life in the
rear of a locked car, alerting the owner or emergency
services and activating the heating, ventilation, and air
conditioning system, where possible. mmWave radar
can penetrate through occlusions such as the driver/
front passenger, front seats and child blankets to detect
forgotten children in areas that camera sensors cannot
see. mmWave sensors can also catch the subtle move-
ments associated with breathing and heartbeat, result-
ing in more robust detection of a forgotten child, as op-
posed to an empty child seat.

Volvo has pioneered the first radar-based CPD sys-
tem, set for its introduction on the EX90 SUV, which will
leverage three 60 GHz radar sensors. This wavelength
benefits from broad regulatory approval for in-cabin
sensing in key automotive markets and a broad range
of application-specific solutions from vendors such as
T, Infineon and Socionext. In the long term, ultra-wide-
band sensors equipped to vehicles to power the smart
access use-case could also be repurposed to deliver the
CPD use-case without needing an additional 60 GHz
radar — an approach pioneered by NXP.
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Barbara Walsh, Multimedia Staff Editor

IN MEMORIAM

In May of 2023, the microwave industry lost one of its
pioneers, when Fred P. Storke Jr. passed in Palo Alto,
Calif. Fred earned a B.S.E.E. at the University of Colo-
rado along the way, then a National Science Founda-
tion fellowship and an M.S.E.E. at Stanford Univer-
sity. After stints at the National Bureau of Standards,
NASA, Magnavox, Fairchild and Philco, Fred changed
avenues. In partnership with Fred Kruse, he formed
a new company called Kruse-Storke, which conceived
the Kruse-Storke sweeper. After years of working inde-
pendently, Fred returned to mainstream engineering,
with posts at Ford Aerospace and California Micro-
wave before co-founding Storke Industries and then
Syntonic Microwave. Even in retirement, Fred contin-
ued engineering from his home garage. To multiple
generations of people inhabiting the RF and micro-
wave space, Fred was a leader, a visionary, a teacher,
an inspiration and shining example of how to fearlessly
and unhesitatingly turn ideas into reality.

MERGERS & ACQUISITIONS

Maury Microwave Inc., backed by Artemis Capital Part-
ners, announced that it has completed its previously an-
nounced acquisition of Wireless Telecom Group Inc.
Since its founding in 1985, Wireless Telecom Group’s
test and measurement businesses — comprising of
Boonton, Holzworth and Noisecom — have served as
trusted technology solutions partners to many leading
manufacturers in the wireless technology chain. Across
aerospace, defense, satellite communications, semi-
conductor, quantum and directed energy applications,
the group’s technology portfolio enables its customers
to push the boundary of RF and microwave technology.

Frontgrade Technologies, a portfolio company of Veri-
tas Capital and a leading independent supplier of high-
reliability, advanced electronic solutions for space and
national security missions, announced the completion
of its acquisition of Aethercomm, a designer and manu-
facturer of high-power RF solid-state power amplifiers
as well as transmit/receive and high-power RF switches.
Since its inception over 60 years ago, Frontgrade and its
products have had a presence on major historical U.S.
space platforms. The combined company will now of-
fer complete, integrated and turnkey solutions for aero-
space and defense customers by joining Aethercomm’s
active RF amplifiers, switches and hardware with Front-
grade’s existing antenna solutions.

Trexon, a portfolio company of Audax Private Equity
and provider of connectivity solutions for mission-

critical applications, announced that it has completed
the acquisition of 603 Manufacturing, a value-added

For More
Information
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manufacturer of high performance wire and cable as-
semblies, RF/microwave coaxial cable assemblies.

Avanos Medical has announced that it has entered into
a definitive agreement to acquire Diros Technology, a
leading manufacturer of innovative RF products used to
treat chronic pain conditions. Based in Toronto, Cana-
da, Diros Technology has been at the forefront of radio-
frequency ablation (RFA) technology since its founding.
In the global market, over one million RFA procedures
are performed annually in the treatment of chronic mus-
culoskeletal pain. For chronic pain management, Diros
Technology’s products deliver RF energy through pre-
cisely placed, minimally invasive probes that heat ner-
vous tissue near the probe’s tip, deactivating the nerve’s
ability to transmit pain signals.

Versar Inc., a global engineering, environmental and
security services platform backed by Kingswood Capi-
tal Management, announced that it has completed its
acquisition of Louis Berger Services (LBS) from WSP
Global Inc. LBS specializes in operations and mainte-
nance services for complex infrastructure assets at mis-
sion-essential defense and civilian facilities worldwide
and currently employs approximately 1,400 people.
Versar, Inc. delivers high value solutions to vital pro-
grams in the natural, built and digital environments.
Versar is headquartered in Washington, D.C., and has
three operating segments including environment and
sustainability, national security and installation manage-
ment and support services.

Sentar Inc., a women-owned business specializing in
advanced cyber intelligence solutions and technology,
announced that they have acquired Waterfront Techni-
cal Services, a Huntsville-based company. Waterfront's
portfolio includes flight and ground operations, data
center operations, information technology, software
development and test supporting NASA's spaceflight
missions. As a key member of Teledyne Brown Engi-
neering’s MOSSI team, Waterfront is currently providing
mission-critical support to NASAs ISS, Artemis, Gate-
way and Human Lander projects. Sentar is a leading
cyber intelligence solutions provider focused on the na-
tional security sector. Its cyber domain solutions blend
expertise in cybersecurity, systems engineering, intelli-
gence and analytics into holistic solutions that combine
these disciplines to deliver superior results to mission
partners.

COLLABORATIONS

Rohde & Schwarz, in collaboration with Qualcomm
Technologies, conducted a broad range of NB-loT
over NTN tests that address the many challenges inher-
ent to satellite-based non-terrestrial networks that use
geosynchronous orbit (GSO) and geostationary orbit
(GEQ) constellations. The test set covers time and fre-
quency synchronization from prolonged delays and the
Doppler effect, low signal-to-interference-plus-noise ra-
tio, power saving mechanisms, satellite ephemerides,

For up-to-date news briefs, visit mwjournal.com
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GNSS acquisition and more.

Aitech Systems has collaborated with FlySight Srl to
bring improved situation awareness into size, weight
and power (SWaP)-constrained military applications.
In this innovative partnership, FlySight's artificial intel-
ligence-based, real-time augmented reality (AR) en-
gine OPENSIGHT-mc has been integrated into Aitech’s
A172, a small form factor mission computer for ap-
plications requiring high performance data and video
processing in harsh environments. Designed to assist in
critical aircraft missions, this robust, data-driven system
seeks to provide military and defense operations with
improved autonomous tasks, situation control, intelli-
gence and decision-making assurance. The combined
mission computer and AR engine solution eases inte-
gration issues and facilitates better model recognition,
event reasoning and adaptive learning using available
data.

ACHIEVEMENTS

Ulrich L. Rohde has been awarded the 2023 IEEE An-
tennas and Propagation Society Distinguished Indus-
try Leader award. It was awarded for his contribution
and leadership to the field of antennas and related
communication systems leading to development of
state-of-the-art antennas products for industrial, military
and aerospace applications.

Quantic Wenzel announced that it has received recog-
nition from the State of Texas for outstanding service
in the space electronics engineering and manufactur-
ing industry. Senator Sarah Eckhardt sponsored the cer-
emonial resolution honoring the company’s 30th year
delivering crystal oscillators, frequency sources and in-
tegrated microwave assemblies for space applications.
Additionally, a flag was flown over the state capitol in
the company’s honor. The flag and ceremonial resolu-
tion are on display at the company’s facility in Austin,
Texas.

Hughes Network Systems announced its JUPITER™
3 ultra-high density satellite has successfully launched
on a SpaceX Falcon Heavy rocket from historic Ken-
nedy Space Center Launch Pad 39A in Florida. Also
known as EchoStar XXIV, JUPITER 3 was built by Maxar
Technologies in Palo Alto, Calif., and is engineered to
deliver gigabytes of connectivity to customers across
North and South America. On July 29 at 2:32 a.m. EDT,
three hours and 28 minutes after lift-off, JUPITER 3 suc-
cessfully deployed from the launch vehicle. The satel-
lite began sending and receiving its first signals, and
engineers deployed the JUPITER 3 solar arrays, which
unfolded in space to their full ten-story span.

CableLabs, an innovation and research and develop-
ment lab for the cable industry, and Telecom Infra Proj-
ect (TIP) OpenWiFi, an open-source-based Wi-Fi archi-
tecture that enables part multi-vendor, managed Wi-Fi
networks, have announced the successful validation of
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new interoperable hardware and software, version 2.9,
and the commissioning of a refreshed OpenWiFi Com-
munity Lab to serve as a testing ground and demonstra-
tion stage for global cable operators. This new initiative
is part of CablelLabs’ ongoing collaboration with the
TIP. OpenWiFi is a community-developed open-source
platform designed to lower the cost of developing and
operating Wi-Fi networks.

Ericsson announced that Spark, one of New Zealand's
largest telecommunications and digital services pro-
viders, has appointed Ericsson to supply its 5G Core
solution to power Spark’s 5G Standalone (SA) network
in New Zealand. This marks a major milestone in the
partnership to create the potential for new monetiza-
tion opportunities from the network slicing, network
automation and edge computing capabilities of Erics-
son’s dual-mode 5G Core. The appointment follows the
successful completion of a three-month 5G SA trial in
2022, demonstrating the ease with which cloud-native
core network solutions — to support 5G SA — can be

deployed.
CONTRACTS

Amentum was awarded an $818 million contract for
adversary aircraft sustainment and modernization
of the U.S. Navy F-16 fleet. Amentum will manage
all aspects of the Viper Maintenance Group Aircraft
Maintenance and Contractor Logistics Support con-
tract by providing technical, sustainment and logistics
solutions for the Navy F-16 aircraft based at Naval
Air Station in Fallon, Nev. Under this contract, Amen-
tum maintains F-16/A/B/C/D aircraft and provides full
system maintenance and supply chain support to aid
continuous flight operations, along with many detach-
ments executed simultaneously with home station
operations. During the contract period, Amentum will
support the Navy in growing their F-16 Adversary fleet
across all sites.

DRS Global Enterprise Solutions, acquired and now
part of SES’s wholly-owned subsidiary SES Space &
Defense, has been awarded a five-year X-Band blan-
ket purchase agreement (BPA) with an estimated value
of $134 million in support of the U.S. Department of
Defense (DOD). The single award BPA was awarded
through Defense Information Systems Agency's De-
fense Information Technology Contracting Organiza-
tion by the U.S. Space Force. To deliver a near-global
solution, SES Space & Defense has partnered with
several industry-leading players, including integrators,
satcom and teleport operators. Together, the con-
tracted satellite operators will deliver global X-Band
satellite capacity, teleport and network services over a
highly secure global terrestrial network and other an-
cillary services to meet enduring and emerging DOD
requirements.

Viasat Inc., a global communications company, an-
nounced it has received awards totaling over $80
million to develop active electronically scanned array
(AESA) systems for ground, maritime and space appli-
cations. AESA, a type of phased array antenna that of-
fers greater flexibility and resilience to support military
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platforms, is often employed when multiple beams, low
probability of intercept and jamming resistance are re-
quired. Viasat is leveraging commercial AESA phased
array antenna technology and products to meet these
demanding defense requirements. The developments
will enable Viasat's existing phased array technology to
be extended and adapted to support defense opera-
tional environments and mission needs, enabling scal-
able and highly flexible capabilities to be achieved at
previously unattainable recurring cost.

The Commonwealth’s Capability Acquisition and
Sustainment Group has selected EM Solutions to
upgrade the Royal Australian Navy's satcom systems
across its existing fleet of vessels. This is by far the larg-
est contract ever signed by EM Solutions and demon-
strates how support for the Sovereign Defence Industry,
particularly small to medium enterprises, can deliver
world leading capability and enhance sovereign capa-
bility. EM Solutions enters this contract as the prime
contractor which will initially result in around 30 new
positions, some of which have already been filled, at
the company’s head office in Brisbane.

PEOPLE

SO Mini-Circuits President, Ted Heil and
. Board Chair, Alicia Kaylie Yacoby an-
nounced that Jin Bains joined Mini-
« Circuits as CEO. Heil, who plans to
. step down as president, will continue
k in his current role through the remain-

der of 2023, supporting
Bains during the transition. He will re-
main engaged on special projects and in governance
and oversight indefinitely. Bains will serve as the third
chief executive in Mini-Circuits’ nearly 55-year history,
following founder Harvey Kaylie and Ted Heil in leading
the company, which is privately held.

Jin Bains

REP APPOINTMENTS

Narda-MITEQ, a supplier of the high-quality RF/micro-
wave components, subsystems, space-borne and sat-
com products and integrated microwave assemblies for
military and commercial applications, has announced
that it has expanded its distribution agreement with
RFMW, a top-tier distributor for RF and microwave com-
ponents with global reach and high technical capability.
Under this agreement, Narda-MITEQ will be offering its
broad portfolio of active and passive products through
RFMW. Initially, the emphasis will be on high perfor-
mance, low noise amplifiers, as well as broadband di-
rectional couplers and power dividers. RFMW's distribu-
tion services for Narda-MITEQ will include opportunity
identification and development, technical sales support
and distribution. A selection of Narda-MITEQ standard
components will also be available through the RFMW
online store.
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Characterization of a MoS, Film
Frequency Doubler with Direct
Current Bias

Jianhao Ma, Yong Fang, Qingsong Zhang, Huijun Wang, Ziwei Xie and Qi Zhang
Chengdu University of Technology, Chengdu, China

The strong nonlinearity of molybdenum disulfide (MoS,) provides a basis for microwave and
mmWave devices. Under natural conditions, MoS, exhibits a strong third-order nonlinearity, and
it demonstrates a second-order nonlinearity with applied voltage. Based on this unique electrical
property, a voltage-controlled MoS, frequency doubler is designed. With an input power of

20 dBm at 1 GHz, the output power is -27 dBm at 2 GHz. Experimental results are consistent
with simulation demonstrating an excellent frequency doubling effect. Although this work was
conducted at 1 GHz, MoS, has unique advantages for higher frequency applications as well.

This offers new possibilities for controlling the electrical properties of two-dimensional (2D)

semiconductor materials.

tudies have shown that 2D

materials such as transition

metal dihalides play an im-

portantrole in optoelectron-
ics due to their strong nonlinearities.
MoS, is a new type of 2D semicon-
ductor material with an ultra-thin,
layer-like structure. It not only has a
controllable bandgap and a special
hexagonal crystal structure but also
possesses a strong electrical nonlin-
earity. In 2017, Saynatjoki et al." in-
vestigated the nonlinear properties
of monolayer and multilayer MoS,.
It was shown that monolayer MoS,
has a strong optical nonlinearity; the
third harmonic is 30x stronger than
the second harmonic.

The nonlinear property of MoS,
can be used to make devices such
as microwave frequency multipliers
and mixers that have unique advan-
tages in microwave and mmWave
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device applications. In 2019, Fang
et al.2 used the nonlinearity of MoS,
to fabricate a microwave triplexer.
The MoS,-based triplexer, with an
input power of 14 dBm and an in-
put frequency of 0.75 to 1.1 GHz
yielded an output power at the third
harmonic of -27.1 dBm with a con-
version loss of 41.1 dB, but the sec-
ond harmonic effect was poor.

The nonlinear behavior of MoS,
changes with applied DC bias.
Based on this property, the design
described is of a frequency doubler
using a stable 2H MoS, semicon-
ductor crystal.34

Modeling of MoS, is important
for the simulation of nonlinear de-
vices based on it. In this work, MoS,
is equated to a reverse parallel di-
ode pair. Simulation shows that the
model matches well with measured
results and that the frequency dou-

bling effect can be adjusted by
changing bias voltage.

By applying bias voltage to both
sides of the MoS, crystal, the second
harmonic output power is increased
and the third harmonic output pow-
er is reduced. The proposed dou-
bler has a compact structure with a
simple fabrication process, making it
suitable for the development of mi-
cro and nanodevices.

DESIGN AND MODELING

MoS, Frequency Doubler Design
Overview

The design takes advantage of
the strong nonlinear microwave
properties of MoS,, which are suit-
able for nonlinear devices such as
a frequency multiplier.> The struc-
ture comprises a bandpass filter, a
bias circuit and a microstrip gap of
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MoS, (see Figure 1). The circuit is
designed on an FR-4 substrate with
thickness H = 0.8 mm and relative

dielectric constant g, = 4.41. The mi-
crostrip line thickness is T = 0.35 pm
and itsloss tangent TanD = 0.02. The

Bias Vbias

Tee — i

Bandpass Filter

50 Q microstrip line
e width is 1.41 mm
Tee with a gap length

)
1r

Microstrip Gap
Covered with It
Multilayer MoS>

of 0.35 mm. The

T
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A Fig. 1 MoS, frequency multiplier topology.
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The bandpass filter eliminates
clutter with a passband of 400 to
1200 MHz covering the operating
band of 800 to 1100 MHz. DC is
provided on both sides of the mi-
crostrip gap by bias networks to
enhance second harmonic emission
from the MoS, and improve the fre-
quency doubling efficiency.

Modeling
When metal is in contact with a
semiconductor material (Schottky
contact), a potential barrier, called
a Schottky barrier, is formed at the
metal-semiconductor  junction.6’
The Schottky barrier controls the
current and capacitance characteris-
tics at the contact surface, which in
turn affects the electrical properties
of the Schottky semiconductor.8-10
Based on the electrical conduc-
tivity of MoS,'1-14 and the relation-
ship between multilayer MoS, and
monolayer MoS,,’> MoS, can be
equated to a nonlinear resistance
and capacitance in parallel. The
equivalent circuit based on the resis-
tor-capacitor model tends to ignore
the parasitic capacitance, resulting
in a slight difference between simu-
lated and measured results.
Schottky diodes are designed
based on the physical properties
of metal-semiconductor Schottky
contacts, for which a diode model
is proposed that can effectively de-
scribe the frequency doubling char-
acteristics of MoS, films. According
to the theory of MoS, Schottky con-
tacts,1618 the MoS, Schottky junc-
tion is equivalent to a combination
of a resistor and an anti-parallel di-
ode pair. The Cu-MoS, and MoS,-
Cu interfaces in the circuit form the
reverse-connected Schottky diodes.
The |-V characteristic of a non-
linear device can be represented
by:19.20

I = 1) )

Where u is the voltage u = Vj +
ug applied to the nonlinear device.
Equation (2) is a series expansion of
Equation (1):

2

I=oco+0L1u1+0c2u1 +t

[oe]
au”+--~=a2nun 2)
n1 1

n=0

Where o, (n = 0, 1, 2...) is deter-
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mined by Equation (3).

o = (1/n!)(d”f(u)/ du”)|u =V =
(171 (v,) 3)

and Vj is the bias voltage.

MoS, has a strong nonlinearity,
with its odd-order harmonic signal
output being greater than the value
of its even-order signal output when
Vg = 0.21.22 Consequently, the non-
linear characteristic of multilayer
MoS, without bias is represented by
Equation (4).

3
| = au, +0L3u1 +ot

e}
2n+1 2n+1
o, Y +~--a2 2n+1u1 4)
n=0

When Vy# 0, the value of the

even-order signal
is increased and
the value of the
odd-order signal is
attenuated. There-
fore, the nonlin-
ear characteristic
of the MoS, film
is described by
Equation (2) when
a bias voltage is
added, and the
values are different
with different bias
voltages.

In summary, car-
rier conductivity is
adjusted to obtain
the greatest fre-
quency doubling effect.23 The series-
connected resistance represents the
finite conductivity of the MoS, crys-

Equivalent
Circuit

—_—

—_—

tals. A current path
is formed between
the semiconductor
and the external
circuit when a volt-
age is applied. The
MoS, circuit model
can be equated
to a resistor-diode
model; the diode
equivalent  model
simulates its nonlin-

R2

A Fig. 2 MoS, resistor-diode model.

Pout (d Bm)
)
o

-50 =
0 1 2 3 4

Frequency (GHz)

A Fig. 3 Simulated output spectrum
without bias voltage.

10

Pout (dBm)
L
o

-

!
-0 1 2 3 4

Frequency (GHz)

A Fig. 4 Simulated output spectrum
with bias voltage applied.
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ear characteristics.

SIMULATION

The simulation circuit is shown in
Figure 2. The simulation is carried
out without and with bias voltage
applied. Without bias, the simula-
tion results are shown in Figure 3.
The third harmonic output power is
about -35 dBm, while the second
harmonic output power is barely -50
dBm. When the bias voltage is 21V,
the simulation results are shown in
Figure 4. The second harmonic out-
put power is about -32 dBm, while
the third harmonic output power is
about -45 dBm. The simulation re-
sults of the MoS, equivalent diode
model show that by applying a bias
voltage to its terminals, the third
harmonic decreases and the second
harmonic increases.

TESTING

To verify the accuracy of the di-
ode equivalent model, a prototype
MoS,-based frequency multiplier is

A Fig. 5 Test setup.

MoS; Film F reguency
Doubler

fabricated and tested by connecting
it to an RF signal source and spec-
trum analyzer. The RF signal source
provides a fixed input frequency of
1 GHz at 20 dBm (see Figure 5).
After measuring the output with-
out bias voltage, input DC bias is
gradually increased to 30 V in 0.5
V steps. As a function of voltage,
the second and third harmonic is
observed on the spectrum analyzer.
Figure 6 shows the spectrum at 0 V
where the second harmonic output
power is below -60 dBm. Figure 7
shows the spectrum at 21 V (deter-
mined to be optimum for this MoS,

20
_ 20 dBm(0 V)
£ o
z
g -20
o
o
5 -40
a
5
O -60 I
_800 1 2 3 4
Frequency (GHz)

A Fig. 6 MoS, frequency doubler
output spectrum (Vo =0 V).

20
_ 20 dBm(21V)
E o
=
g -20
o
o
5 40
o
: |
O -60 I
805 1 2 3 4
Frequency (GHz)

A Fig. 7 MoS, frequency doubler
output spectrum (Vo = 21 V).
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sample). Optimum bias is depen-
dent upon the MoS, film thickness
and crystal structure. At 21 V bias,
the output power at the second har-
monic is -27 dBm. The trend with
bias voltage is shown in Figure 8.

With a fixed bias voltage of 21V,
Figure 9 shows output power of the
second harmonic as a function of in-
put power. The output power grad-
ually increases when the frequency
and bias voltage are fixed.

\WITH GT

CONCLUSION

A voltage-controllable  micro-
wave frequency doubler is based on
a 2D MoS, film. MoS, film possess-
es strong nonlinear characteristics,
and its nonlinear efficiency is further
improved with applied DC bias. In
this work, a frequency doubler is
developed leveraging these char-
acteristics. With an input power of
20 dBm at 1 GHz, the output power
of the second harmonic is below -60
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20 dBm

Output Power (dBm)

_50 . . . . .
8 12 16 20 24 28 32

Input Voltage (V)

A Fig. 8 Output power at the second
harmonic as a function of bias voltage at
a fixed input power of 20 dBm.

21V

Output Power (dBm)

_70 L L L L L L
-2 2 6 10 14 18 22

Input Power (dBm)

A Fig. 9 Output power at the second
harmonic as a function of input power at
a fixed bias of 21 V.

dBm without bias voltage applied.

With 21 V bias applied, the out-

put power of the second harmonic

is -27 dBm, an improvement of 33

dB. Simulation using a theoretical

model equating the MoS, film to a

reverse parallel diode pair agrees

well with measurements. &

I
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Power Handling Capability in
Waveguide Longitudinal Shunt
Slot Arrays

Yong Liao

Institute of Applied Electronics, China Academy of Engineering Physics, Mianyang, China

An essential performance metric for a high-power microwave (HPW) array antenna’s power
handling capability is mainly determined by the magnitude of the electric field at the slots of the
array. The power handling capability of an L-Band waveguide longitudinal shunt slot array with
different slot widths is determined through simulation and measurement. Analysis shows that there
is an optimum slot width resulting in maximum power handling capability. Different slot shapes are
examined, including rectangular, end-rounded rectangular and elliptical. The results indicate that a

longitudinal shunt elliptical slot array provides the highest power handling capability.

ith the development
of HPM, more atten-
tion is given to the
array antenna for
its high gain and high efficiency.’-3
Recently, some traveling wave ar-
rays have been used as HPM an-
tennas.#¢ A traveling wave array
has the advantage that its power
handling capability is more than
that of a standing wave array; how-
ever, its radiation efficiency is lower.
Also, the longitudinal shunt slots
of the rectangular waveguide array
are standing wave antennas.” For
radiating gigawatt HPM, the longi-
tudinal shunt slot array is faced with
the problem of significant electrical
breakdown at the slots.8-10
A slotted waveguide HPM an-
tenna array consists of a slotted
waveguide with dielectric windows.
A 100 megawatt (MW) high power
handling capability can be realized
by maintaining a vacuum in the
waveguide. The thickness of the
slot wall is only approximately 1 to 3
mm and the maximum electric field
of the waveguide is near the slot, so
the power handling capability of the
array is determined mainly by the

62

electrical field near the slots.8.9

Some researchers have verified
that an elliptical slot can increase
the power handling capability of
the waveguide array.%1" As is re-
ported by Bemal et al.8 when an
elliptical slot is used, the maximum
electric field encountered at the
slot decreases by approximately 10
percent with respect to the fields
associated with the rectangular slot.
Baum? guessed that an elliptical
slot might be a good starting point.
These references, however, do not
provide the detailed structure of the
elliptical slot as well as a compre-
hensive analysis of the power han-
dling capability.

The goal of this work is to de-
termine the best longitudinal shunt
slot configuration for the highest
power handling capability. The
power handling capability of an L-
Band waveguide longitudinal shunt
slot array with different slot widths
is determined. There is an optimum
width and slot length for maximum
power handling capability. Longi-
tudinal shunt slot arrays with rect-
angular, end-rounded rectangular
and elliptical slots are considered.

The longitudinal shunt elliptical slot
array provides the highest power
handling capability. The optimum
slot length is 0.51 free-space wave-
length (\g), which is the longest of
the three configurations. This is sup-
ported by simulation and measure-
ment. In addition, the array antenna
can work in a vacuum (~10-2 Pa) for
higher power handling.

Schematics of the considered
slot waveguide array antennas are
shown in Figure 1. The slot lengths
are almost half a wavelength in free
space. Slot conductance can be
adjusted by its length and offset
from the central axis of the wave-
guide wide edge. Although the slot
is not fed at the waveguide center,
the transverse electric mode (TE;()
passes underneath it.

The field distribution of the slot
is approximately equiphase half-
cosinusoidal.’2-16 The length of the
waveguide's wide inner wall is 120
mm, the length of the narrow inner
wall is 40 mm and the thickness of
the waveguide wall is 3 mm. The
working frequency is 1.575 GHz.
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Each waveguide has nine wide
edge longitudinal shunt slot ele-
ments and the slots are staggered
on both sides of the waveguide’s
center line.

SIMULATION

When the waveguide structure
is fixed, the slotted array power
handling capability is mainly deter-
mined by the width of the slot.1.11
According to Elliott,14 the electric
field distribution in a longitudinal
slot array is:

cos— 9)

where 2| is the slot length, w is
the slot width, V is the slot voltage
measured across the slot at its cen-
ter, X' is the slot width and Z' is the
slot length. The width of the slot is
optimized to yield the maximum
handling power capability.

Arrays with different slots are ana-
lyzed using Ansys’ High Frequency
Structure Simulator (HFSS) software.

Power handling
capability is deter
mined by the maxi-
mum electric field in

(b) (c)

the array slots. Be-
cause the thickness
of the slot wall is
only 3 mm, to main-
tain simulation accu-
racy the mesh is no
greater than 1 mm.
The simulation re-
sults show that when
the mesh is smaller
than 1 mm the simu-
lation results tend
toward stability.

A Fig. 1 Waveguide slotted arrays: rectangular slots (a),
rounded rectangular slots (b) and elliptical slots (c).
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A Fig. 2 Maximum electric field for the
three slot geometries as a function of
slot width.
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A Fig. 3 Electric field as a function of
slot length.
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Figure 1 shows
three  waveguide
slot arrays with nine
elements each.
When the slot width changes, the
slot offset from the central axis of the
waveguide wide edge and the slot
length must also be adapted to meet
the resonant condition of the array.
Power handling can be increased by
increasing the slot width.11

Figure 2 shows the maximum
electric field in the slot for the three
arrays when the input power is 1 W.
When the width of the slot is larger
than 10 mm (0.05 \g), the maximum
electric fields drop rapidly in agree-
ment with Equation (1). The mini-
mum value for the maximum elec-
tric field of the rectangle slot is 3260
V/m, which occurs at a slot width of
20 mm (0.1 Ng). The minimum value
for the maximum electric field of the
end-rounded rectangle slot is 3064
V/m, which occurs at a slot width
of 15 mm (0.08 Ay). The minimum
value for the maximum electric field
of the elliptical slot is 2667 V/m,
which occurs at a slot width of 27.5
mm (0.14 \g). The power handling
capability of the rounded-end rect-

angular slot array is almost 1.1x that
of the rectangular slot array and the
power handling capability of the el-
liptical slot array is almost 1.5x that
of the rectangular slot array.

From Figure 2, when the rectan-
gular slot width increases from 15
mm, the maximum electric field in
the array varies around 3500 V/m.
When the rounded-end rectangle
slot width increases from 10 mm, the
maximum electric field in the array
varies around 3000 V/m. In the ellip-
tical slot array, when the slot width in-
creases from 17.5 mm, the maximum
electric field in the elliptical slot array
varies around 3250 V/m.

Figure 3 plots the electric field
near the edges of the slot near the
center of the waveguide. The field
distribution across the slot is approx-
imately equiphase half-cosinusoi-
dal.'* Figure 4 shows the resonant
lengths of the three types of array
antenna slots. The lengths of the
optimized rectangular, end-rounded
and elliptical slots that provide maxi-
mum power handling are 87.5, 92.5
and 96.8 mm, respectively (0.46,
0.49 and 0.51 \p). The elliptical slot's
resonant length is the largest.

Figure 5 shows that the offsets of
the three types of slots are almost
the same when the slot width is not
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length as a function of slot width.
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A Fig. 5 Optimized slot offset from the
waveguide central axis as a function of
slot width.
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greater than 22 mm.

After optimization, the areas of
the rectangular, end-rounded and
elliptical slots are 1554, 1018 and
2206 mm?2, respectively. The opti-
mized elliptical slot has the largest
aperture area (1.4x that of the rect-
angular slot). Because the radiated
power of each slot is equal, a larger
area results in a lower power density
and therefore a higher power han-
dling capability.

MEASUREMENT

A four-element array is con-
nected to a high-power source (see
Figure 6). There are three arrays,
designed with either rectangular,
end-rounded rectangular or ellipti-
cal slots. The widths of the rectan-
gular, end-rounded rectangular and
elliptical slots are 15, 20 and 27.5
mm, respectively. The waveguide is
vacuum sealed to maximize its mi-
crowave power handling capability.
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With a microwave source power
of about 100 MW, the maximum
electric field produced within the
rectangular, end-rounded rectangu-
lar and elliptical slots is 46, 43 and
38 MV/m, respectively. According
to Kilpatrick,!” the following rela-
tionship exists in a vacuum:

f=1.643E% %>/ %

where f is the frequency in MHz
and E is the breakdown electric field
in MV/m.

According to Equation (2), E is
~35 MV/m at 1.575 GHz. When
the electric field in the waveguide
exceeds the breakdown electric
field, there is evidence of tail ero-
sion (pulse shortening).’® Figure
7 compares the envelopes of a
pulsed radiated waveform at the
output of each of the slotted arrays.
Tail erosion is the most serious in
the rectangular slot array and least
pronounced in the elliptical slot ar-
ray. This shows that the elliptically
shaped slot array has the largest
handling power capability.

CONCLUSION

An L-Band waveguide array is de-
signed with longitudinal shunt slots
to investigate the power handling
capability of longitudinal shunt slot
waveguide arrays with various slot
geometries and slot widths. Three

A Fig. 6 Four-element antenna array
with rounded rectangular slots.
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different types of array slots are con-
sidered: rectangle,
rectangle and elliptical. Simulation

shows that the power handling capa- 5

bility of the rounded-end rectangle
slot is almost 1.1x that of the rectan-

gle slot and the power handling ca- 3

pability of the elliptical slot array is al-
most 1.5x that of the rectangular slot.
This is supported by experimental
measurements of tail erosion in slot-
ted array radiation measurements. i

end-rounded 1.
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Designing a 30 to 1000 MHz

10 W GaN HEMT Power
Amplifier Using a Novel Coaxial
Impedance Transformer With
Ferrite Beads

lvan Boshnakov

Ametek Compliance Test Solutions, Reinach, Switzerland

Larry Dunleavy and Chris DeMartino

Modelithics Inc., Tampa, Fla.

hen designing
multi-octave  high-
power  amplifiers,

it is a challenge to
achieve both broadband gain and
power matching using a combi-
nation of lumped and distributed
techniques. One approach to over-
coming this challenge is to design
the power amplifier (PA) using load
line methods combined with a nov-
el coaxial impedance transformer
with ferrite beads. This approach
relies on accurate, linear and non-

TABLE 1
POWER AMPLIFIER DESIGN
GOALS
Parameter Specification
Frequency 30 MHz to 1 GHz
Output Power (Pout) 10w
Power Gain (Gp) >12.5dB
Gain Flatness + 0.5 dB max
Input Return Loss >15dB

70

linear models as the basis for all
components. This article focuses
on the design of a single-stage, 10
W PA with broadband performance
from 30 MHz to 1 GHz. This design
utilizes the Qorvo QPD1010 GaN
high electron mobility transistor
(HEMT).

The PA design used several soft-
ware tools and models. The design
software employed was Microwave
Office for RF and microwave cir-
cuit design and Analyst™ for 3D
EM finite-element method (FEM)
analysis. Both of these programs
are contained within the Cadence®
AWR Design Environment® soft-
ware tools. In addition, Modelithics
models were used for the QPD1010
transistor and all surface-mount pas-
sive components.

This design requires a coaxial line
combined with ferrite beads/cores
impedance transformer to achieve
the desired performance at the
specified frequency range with the

selected transistor. Although many
amplifiers have been designed with
these types of transformers, only
those with downward impedance
transformations have typically been
documented. The transformer is
designed using the Analyst 3D EM
analysis tool.

As stated, the goal is to design a
PA that operates from 30 MHz to 1
GHz. The PA must deliver at least 9
W of output power (Pout) over this
operating frequency range with a
Class AB bias condition. The power
gain (Gp), defined as the gain at
saturated output power, must be at
least 12.5 dB. Finally, the gain flat-
ness must be no more than = 0.5 dB
and the input return loss must be at
least 15 dB. These design goals are
listed in Table 1.

The following section describes

MWJOURNAL.COM m SEPTEMBER 2023
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Tutorial

the PA design process in more de-
tail.

The Intrinsic Load Line Design
Approach

The transistor’s |-V curves reveal
that the intrinsic impedance (the
fundamental frequency load line)
needed for maximum power must
be approximately 100 Q or more.’
Figure 1 shows the transistor I-V
curves and it defines the optimum
load line graphically.

The schematic shown in Figure 2
is used to determine the load lines
that correspond to an impedance
transformation of 2.25x greater than
50 Q at the output of the transis-
tor across the operating frequency
range. The simulation is only per-
formed with the fundamental tone,
which can be selected from Options
within the schematic.

The load line (the intrinsic drain
dynamic impedance) can be ob-
served because the Modelithics
model for the QPD1010 GaN tran-
sistor allows the designer to analyze
the voltages and currents inside the
model, specifically across the intrin-
sic generator. The Modelithics tran-
sistor model with access to intrinsic
voltages and currents is shown in
Figure 3.

Figure 4 shows the |-V curves
and the initial load line results ob-
tained after simulating the sche-
matic of Figure 2. The fundamen-
tal frequency load lines across the
bandwidth fall into the appropriate

MODhqorqpd 1010_core
ID=S2
VDSQ=48
Temperature=Temperature °K
- . self_heat=self_heat_factor
self_heat_factor<<0.1 VPROBE
Temperature << 298.15 D’aiﬁ‘+ ID=Vdrain_int | oo 1500 :¥ Eﬂxgg (mA)
L e S — S (e 4 .
2 BV Sense Paycai=tyt IVDLL(S$1/V_PROBE.Vdrain_int,$1/I_METER.|_drain_int)
= 4I—BZ) [*] (mA) Load_line/intrisic_impedance
2 | [Sense | o Voi-Sense [ VPROBE
Pins Vsi_Sense ID=Vsrc_int
I_METER 7) ™ ds Sense RES Ly
ID=|_gate_int 3
Source
<
£ 500
I_METER =
ID=I_drain_int
MODhqorqgpd 1010_parasitic_core
ID=51 0
Drain Input
Gate Input c 3 =
[>-|—.— —|—|—<| 500 5992V 941V
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=50 Ohm PORT el
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The Modelithics transistor model.
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region for good performance. Ad-
ditional matching networks can be
implemented to make the disper-
sion of the load lines appear even
tighter.

The Coaxial Transformer

As discussed above, the relative-
ly new 10 W, 50 V GaN HEMT re-

quires an upward impedance trans-
formation to achieve the optimal
fundamental frequency load line.
In this case, the transformer must
have an impedance transformation
ratio of 1:2.25.2 Employing a coaxial
line with a ferrite core impedance
transformer allows for better per-
formance in terms of gain flatness

and power over multi-octave band-
widths for applications below 1 GHz
compared with matching networks
that consist of reactive components.

The Microwave Office sche-
matic of a simple model of the
coaxial line transformer used here
is shown in Figure 5a. This model
shows that the appropriate circuit

(a) IND
ID=L5
L=500 nM
MVIA1P
Q0M by DB(S(2.1))
PORT IND 2275 D=0.5 mm IND Transformer Simple Model
P=1 ID=L3 L=48mm  M=0.f8mm D=l DB(S(1,1))
Z=112.5 Ohm L=2nM K2 1 T=0.004 mm L=2nM (S(1, )\
=2 2 W=01 mm Transformer Simple Model
B-RO_RO435B1 PORT
P=2
MLIN Z=50 Ohm
ID=TL e oDB(s(L)
W=2 mm L=1 mm 2p25 Times up Coax Lines with
I';/TS‘IUE L — MSUB.RO._RO435B1 Ferrite Beads Transformer
MLIN
ID=TL2
W=2.5 mm  DB(s@2.2)) .
M= fogin ZP%S T[{neg u%C_?ax L%nes with
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(a) Coaxial line transformer model. (b) 3D model of the coaxial line Simulated performance results
transformer. of the coaxial transformer.

Complete PA schematic.
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A\ Fig. 10 Simulated RF performance of the PA.
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Simulated and measured
small signal S-parameters.

elements are incorporated into the
schematic. Figure 5b shows the
full 3D model of the transformer
with the Analyst simulator included
within the Cadence AWR Design
Environment. Figure 6 shows the
simulated performance results of
the schematic simulation and the
full 3D analysis.

Complete PA Design

Pulling everything together, Fig-
ure 7 shows the complete sche-
matic of the PA. Figure 8 illustrates

the corresponding

42

RF layout. Figure 9
shows the full print-
ed circuit board

40

?

(PCB) layout.

38

For this PA, typi-
cal design tech-
niques were used

Psat (dBm)

36

for the matching/
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10 shows the simu-
lated RF S-param-
eter and power

Simulated and measured Psat.

added efficiency

15

(PAE) performance
at 60°C. Note that

14

temperature is de-
fined with respect

(3

to the bottom sol-
dering plate of the

13’/

transistor package.
Figure 11
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the intrinsic gen-
erator. In this case,

Simulated and measured gain at Psat.

Prototype test circuit for the
PA design.
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only the funda-
mental tone is se-
lected for simula-
tion. Figure 12 shows these same
I-V curves and load lines after simu-
lating with 17 harmonics. Figure 12
shows the typical characteristics of a
Class AB-biased transistor.

Figure 13 shows the simulated
and measured small signal S-param-
eters. The results show that the sim-
ulated and measured S-parameters
are in good agreement with each
other. Figure 14 shows the simulat-

ed and measured saturated output
power (Psat). The measured Psat is
about 1 dB less than the simulated
results, demonstrating a good over-
all result. Finally, Figure 15 presents
the simulated and measured gain at
Psat.

Note that while it was not pos-
sible to accurately test PAE with
the available test setup, it was es-
timated to be just above 40 per-
cent. Figure 16 shows the proto-
type board and assembly that was
used to test the PA.

The successful design of a multi-
octave bandwidth PA, operating
from 30 MHz to 1 GHz, using a 10
W, 50 V GaN HEMT from Qorvo,
is demonstrated in this paper. The
design used Modelithics models for
all components. Good performance
across this bandwidth can only be
achieved by employing a coaxial
line transformer with ferrite beads.
This transformer must allow for an
upward impedance transformation.
To the authors’ knowledge, the use
of such a transformer is presented
for the first time in this paper. The
transformer is simulated with the
Analyst 3D FEM EM analysis tool
within the Cadence AWR Design
Environment. The design approach
is based on the simulation of the
load lines at the intrinsic generator.
This simulation is possible because
the Modelithics GaN transistor
model lets the designer analyze the
intrinsic voltages and currents. The
full design is realized using Micro-
wave Office software within the Ca-
dence AWR Design Environment.
The test results confirm that the de-
sign approach produces a first-pass
success. li
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PROFESSIONAL MANUFACTURER FOR
RF/MICROWAVE CERAMIC CAPACITORS

DLC70 SERIES HIGH Q RF/MICROWAVE MLCC
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ProductFeature

Electromagnetic Simulation
Platform Unleashes the Potential
of Metasurfaces

CEMWorks

Winnipeg, Canada

(o (o

A Fig. 1 An RIS array and unit cell design from Emerald’s

n the rapidly evolving world of wire-
less communications, improving signal
quality and coverage across the elec-
tromagnetic (EM) spectrum has be-
come increasingly vital. The ability to steer
beams in real-time to concentrate power
and conserve bandwidth by controlling ex-
actly where power is directed at a unit cell
level has gained significant importance. As
a result, metasurfaces and more specifical-
ly, reconfigurable intelligent surfaces (RIS),
have emerged as a promising solution that
can fulfill these new requirements without
any required mechanical componentry and
thus greatly enhance wireless communica-
tion systems.
RIS designs are comprised of an array of
unit cells distributed over a surface that is thin
relative to the wavelength. These unit cells

R 5 e T ‘ =
el L L LY J

visualization tool.
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can be controlled individually and the entire
array grants the ability for spatial and/or tem-
poral control of EM radiation. One ability that
this type of design creates is reconfigurable
beam steering. However, with this ability
comes a new challenge of complexity in the
simulation since a single far-field simulation is
insufficient to characterize the complete be-
havior of these surfaces.

Emerald by CEMWorks is a comprehen-
sive solution for simulating and analyzing
metasurfaces and RIS. This solution has the
potential to expedite research and devel-
opment in this exciting domain. Emerald is
well-equipped to handle these challenges
due to its powerful set of features:

CUSTOMIZABLE MATERIAL
PROPERTIES

Metasurfaces and RIS often rely on spe-
cialized materials with precise electromag-
netic properties. The solver provides a rich
library of material models, enabling users
to define custom dielectric and metallic
properties. With the ability to tailor these
properties, researchers can explore novel
metasurface designs and optimize their per-
formance for specific applications, such as
beam steering, pattern synthesis and polar-
ization control.

VERSATILE GEOMETRICAL
CONFIGURATIONS

Metasurfaces and RIS come in a wide
range of geometries, including planar ar-
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rays, nanoparticle arrays or surfaces
with repeated patterns. Emerald
accommodates these diverse con-
figurations, allowing users to model
and simulate surfaces of varying
complexity. From unit cell arrays to
arbitrary structures, researchers can
accurately capture the EM response
and study the impact of geometrical
parameters on RIS functionality.

BROAD FREQUENCY RANGE

Understanding the behavior of
metasurfaces and RIS across a wide
frequency range is crucial for com-
prehensive analysis and design opti-
mization. Emerald supports simula-
tions from DC to optical frequencies
and it offers a seamless transition
between different frequency do-
mains. This capability empowers
researchers to investigate metasur-
faces spanning from DC to high fre-
quency analysis, unlocking a pleth-
ora of applications in telecommuni-
cations, sensing, imaging and more.

270°

(b)

A Fig. 2 (a) Reflected far-field pattern
(in dB) with the main lobe 27 degrees off
broadside. (b) Reflected far-field pattern
(in dB) with the main lobe at 66 degrees
off broadside.
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ADVANCED POST-PROCESSING
AND VISUALIZATION

Analyzing and interpreting simu-
lation results play a vital role in the
design and optimization of meta-
surfaces and RIS. Emerald provides
an array of post-processing tools to
extract key parameters. Addition-
ally, advanced visualization options,
such as 3D models of far-field pat-
terns facilitate an intuitive under-
standing of RIS behavior.

To demonstrate some of these
features, a reflective RIS design
consisting of 160 resonant patch
unit cells controlled by simulated di-
odes has been implemented. These
diodes control whether current can
flow to a parasitic patch, causing
the reflected fields to have a rela-
tive phase shift of 180 degrees at
resonant frequencies. This design is
shown in Figure 1.

Since the relative phase for each
individual cell that can be reconfig-
ured can be controlled, the total
field can be configured by control-
ling the interference between cells.

ProductfFeature

The cumulative effect opens the
possibility to synthesize and recon-
figure radiation patterns. As an ex-
ample, the plots of Figure 2a and
Figure 2b display the two resulting
far-field reflection patterns of the
same surface in two different main
lobe configurations.

The arrival of RIS has opened
exciting possibilities for controlling
and manipulating EM waves. The
Emerald EM solver allows research-
ers to delve into the intricacies of
RIS structures, accurately model
their behavior and optimize their
performance. By combining pow-
erful simulation capabilities with
customizable material properties,
versatile geometrical configurations
and advanced post-processing
tools, Emerald paves the way for
ground-breaking advancements in
metasurface and RIS research and
applications.

CEMWorks
Winnipeg, Canada
www.cemworks.com

Catch Up the Faster World,
Accelerate Your Business with Us
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ProductFeature

Solid-State GaN Power
Amplifiers for Weather
Radar Systems

Pulse Systems, Inc.
South Easton, Mass.

A Fig. 1 Front panel of TR-3600 Solid-
State Weather Radar Transmitter.

80

ulse Systems (PSI) has

taken advantage of re-

cent advances in solid-

state GaN high-power
RF transistor technology to
develop the TR-3600 solid-
state power amplifier (SSPA)
that targets the high-power
requirements of weather radar
applications. The total amplifi-
er assembly, known as the TR-
3600 Solid-State Weather Ra-
dar Transmitter and shown in
Figure 1, provides a peak out-
put power of 6 kW over a fre-
quency range of 5400 to 5700
MHz. The transmitter can sup-
ply this output power at pulse
lengths up to 100 ps with the
caveat that pulses longer than
6 ps generally require a pulse
compression signal processor.

The Pulse Systems TR-3600 Solid-State
Weather Rad