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SMALLSAT
SYMPOSIUM

<

SILICON VALLEY 2019
Mountain View, Calif.

As the market and feasibility continue to grow for small satellites,
the fourth annual SmallSat Symposium has recruited a lineup of
over 130 speakers, 80 exhibiting and sponsoring companies and

1,000 executive and C-level attendees for networking, collaborating
and growing together in the SmallSat industry’s must-attend event.
http://2019.smallsatshow.com/
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PARIS, FRANCE
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2] www.eumweek.com

EuMW invites authors to
sumbit their work on a
range of topics, including
Passive Components,
Circuits and Subsystems;
Active Components, Circuits
and Subsystems; Field and
Circuit Analysis, Simulation
and Characterization
Techniques; Antennas and
Propagation; and Systems
and Applications.
www.eumweek.com

Call for Papers
Deadline

The central theme of
WAMICON 2019 will be
“Simulation Driven Design
of Emerging Wireless,
Microwave and mmWave
Circuits and Systems.”
Submissions are welcomed
on all aspects of related
technologies, including
antennas, passive and active
circuits, communication
theory and system concepts.
WwWww.wamicon.org

Call for Papers
Deadline

IEEEAUTOTESICON 2009

Gyl Nehanat Conventian Cante:

AUTOTESTCON is now
accepting papers on key
topics such as Performance
Based Logistics, Health
Monitoring & Diagnostics,
Embedded Instrumentation,
Cyber Security and Test &
Support Management.
https://autotestcon.com
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Call for Papers
Deadline
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Connecting Design to Fab to Assembly

PCB West invites submission
of abstracts on all topics
related to printed circuit
board (PCB) engineering,

design, fabrication and
electronics assembly.
www.pchwest.com
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EIMWC19

Barcelona
Barcelona, Spain

MWC Barcelona (formerly
Mobile World Congress) is
the largest mobile event in the
world, bringing together the
latest innovations and leading-
edge technology from more
than 2,400 leading companies,
with a highly-rated conference
program assembling today’s
visionaries to explore the hottest
topics influencing the industry.
wwww.mwcharcelona.com

Register Now

2019

Electronic Design
Innovation Conference
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mmW Products
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Trust in Ducommun mmW
Products for all your high
frequency testing needs.
Ducommun offers a full
portfolio of millimeter wave
products up to 110 GHz.

Amplifiers

? « Offering 0.03 to 110 GHz

#= « Low noise / high power

« Single DC supply / internal
regulated sequential biasing

* Broadband or custom design

Up/Down Converters

* Full waveguide band capability
* Low spurious / harmonics

* Low LO frequency & power

+ Compact, lightweight

B AEEEaE 4

MMW mixer/multiplier/SNA

extender solutions

* K,Ka,Q,U,V, E, Wfull band

* Broadband and low harmonic/
spur

* Custom design

* Low cost solution

Transceivers

* TRXforK,Ka,Q,U,V,E&W
bands

* Integrated modular design

* High sensitivity / low cost

* Custom design per request

Pin Diode Switches

* SPST to SP8T configurations

* Nano second (ns) level
switching

* 0.03 GHz to 110 GHz

* Reflective and absorptive

For additional information contact our
sales team at:
310-513-7256 or rfsales@ducommun.com
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EuMCE 2019
NETIVET A

WAMICON 2019
February 8

EuMW 2019
February 11

IEEE AUTOTESTCON 2019
February 15

PCB West 2019
February 25

2019 IEEE International
Symposium on Phased Array
Systems and Technology
March 15

IEEE COMCAS 2019
April 18

AMTA 2019
April 26

BCICTS 2019
May 10
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JANUARY

92nd ARFTG Microwave Measurement
Symposium

January 19-22 « Orlando, Fla.

www.arftg.org

Radio and Wireless Week 2019
January 20-23 « Orlando, Fla.
https://radiowirelessweek.org/

DesignCon 2019
January 29-31 - Santa Clara, Calif.
www.designcon.com

Mobile Deployable Communications 2019
January 31-Feb. 1 « Warsaw, Poland
www.mobiledeployable.com

EMWC o

Barcelona

FEBRUARY

MW(GC Barcelona 2019
February 25-28 « Barcelona, Spain
www.mwcbarcelona.com/

(@ RFs

GOMACTech 2019
March 25-28 « Albuquerque, N.M.
www.gomactech.net/2019/index.html

2019
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ELECTRONIGA <57

APRIL

EDI CON China 2019
April 1-3 « Beijing, China
http://ediconchina.com/

WAMICON 2019
April 8-9 « Cocoa Beach, Fla.
www.wamicon.org/

Expo Electronica 2019
April 15-17 « Moscow, Russia
www.expoelectronica.ru/en-GB

CS Mantech 2019
April 29-May 2  Minneapolis, Minn.
http://csmantech.org/

SSATELLITE 2019

EuMCE 2019
SPACE TECH EXPO USA oo to

SATELLITE 2019
May 6-9 « Washington, D.C.
https://2019.satshow.com/

EuMCE 2019
May 13-15 « Prague, Czech Republic
www.eumce.com/

Space Tech Expo 2019
May 21-22 - Pasadena, Calif.
www.spacetechexpo.com/

IMS MilSatCam USA

e e —

JUNE

IEEE MTT-S IMS 2019
June 2-7 « Boston, Mass.
https://ims-ieee.org/

MILSATCOM USA West Coast 2019
June 11-12 « Los Angeles, Calif.

www.smi-online.co.uk/defence/northamerica/
conference/Milsatcom-USA-West-Coast

MILSATCOM USA East Coast 2019
June 26-27 - Arlington, Va.

www.smi-online.co.uk/defence/northamerica/
MilSatCom-USA
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MARCH JULY
EMV 2019 SEMICON West 2019

March 19-21 » Stuttgart, Germany
https://femv.mesago.com/events/en.html

RF & Microwave 2019
March 20-21 « Paris, France
www.microwave-rf.com
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HIGH-PERFORMANCE, QUALITY
AMPLIFIERS WITHOUT THE WAIT!

MULTI-OCTAVE
LOW-NOISE MODELS

100 MHz to 40 GHz
18 GHz at 1 Watt

1 GHz to 40 GHz

TABLETOP INSTRUMENT
LOW-NOISE MODELS

narda@mir=a

L3’s INDUSTRY-LEADING AMPLIFIERS ARE READY FOR NEXT DAY DELIVERY!

L3 Narda-MITEQ offers the most extensive line of high-performance amplifier products —
all backed by a three-year warranty. Now you can get immediate delivery on our most
popular amplifier models directly from stock. Order today and get your amplifier tomorrow.
You can count on L3 Narda-MITEQ — your best resource for RF and microwave components.
Call us at (631) 231-1700. nardamiteq.com/083a
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RF Material Solution

IT8350G IT-8338G IT-88GMW

¢ Halogen free e Halogen free e Halogen free

e Dk ~ 3.50 @ 10 GHz e Dk ~ 3.38 @ 10 GHz e Dk ~ 3.00 @ 10-100 GHz

e Df ~0.0025 @ 10 GHz ¢ Df ~ 0.0024 @ 10 GHz e+ Df ~ 0.0012 @ 10-100 GHz
¢ Excellent compatibility e Excellent compatibility e Stable up to 100 GHz

with FR4 for Hybrids with FR4 for Hybrids ® Good compatibility with
FR-4 for hybrids

® Thermoset resin systems
offers benefits over PTFE

e Dk/Df stable over frequency e Excellent copper peel strength
and temperature e UL 94 V-0 flame rating
~ * Low dielectric tolerance +/- 0.04 e Standard FR-4 PCB processes
f ® L ow moisture absorption ¢ Low cost of ownership

PIM Performance at 1.9 GHz
IT-8350G -165 dBc

|| IT-8338G  -165 dBc
Ha— IT-88GMW  -165 dBc

RF. Product Applications

IT-8350G ™, A
ADAS - 28 GHz, 4G and 5G base stations, power amplifier

IT-8350A
Antenna'2-40 GHz, LNB

IT-8338A A
Antenna 2-40 GH;, LNB

IT-8338G

4G and 5G base stations, power amplifier

IT-88GMW —— | |
Automotive radar 76-81 GHz, 5G > 28 GHz-60 GHz and beyond

IT-8300GA
Antenna applications for 2-40 GHz




ITEQ RF Products
Dk Change with Temperature @ 10 GHz -40to 130 C

Dielectric Constant

IT-88GMW TCDK- 11ppm/C
IT-8300GA TCDK-35 ppm/C
IT-8350G  TCDK-22 ppm/C
IT-8338G_ TCDK-21 ppm/C
IT-8338A TCDK-38 ppm/C
IT-8615G TCDK-23ppm/C

23 W a0 0 50 75 105
Temperature Degree C

===|T-8350G IT-8338G ===IT-8300GA -==IT-88GMW ===[T-8338A ===IT-8615G

Very stable Dk with Temperature

ITEQ RF Products
Df Change with Temperature @ 10 GHz -40 to 130 C

500 IT-88GMW- Max change ~5%
IT-8300GA Max change~8%

IT-8338G Max Change ~6%

o ) IT-8350G Max Change ~6%
0.00500 A Max Change~16%

5G Max Change~9%

0.00400

0.00300

Dissipation factor

0.00200

0.00100

50

Temperature C

===IT-8350G IT-8338G —==IT-88GMW -==IT-8300GA -==IT-8338A —==IT-8615G

ITEQ

Very Stable Df with Temperature
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Client Software-Defined
Antennas Improve Link Margins,
Reduce Interference

Jeff Shamblin

Taoglas, Enniscorthy, Ireland

ith the increase in

the number of con-

nected devices and

the attendant appe-

tite for sending and receiving data,
the demands on cellular networks
are increasing. To help address this
trend, device and antenna design-
ers are tasked to develop better sys-
tems on the client side to improve
network performance. Among the
options, designers can employ dy-
namic communication link optimiza-
tion using software antenna tech-
niques, which provides more capa-
bility to the radio architecture and
antenna systems. This enables com-
panies to develop more compact
and cost-effective radio systems
while supporting wider bandwidth
and multiple modulation schemes.
A number of military and com-
mercial applications for software-
defined radios (SDR) benefit from
software-defined antennas (SDA),
and these benefits can be extended
to the multitude of mission-critical
applications in loT, such as controls
for railroads, underground gas leak
detection and forest fire prevention.
This article outlines the technical
approach and benefits provided by
SDAs, capabilities that enable an-

22

tennas to go well beyond the per-
formance of passive antennas, dy-
namically tracking signals in mobile
applications and keeping the com-
munication link optimized.

SOFTWARE-DEFINED
ANTENNAS

Companies developing mission-
critical systems, where reliable con-
nectivity or high data rates need to
be sustained, rely on flexibility in the
radio architecture and antenna sys-
tem to allow for dynamically optimiz-
ing the communication link. This op-
timization can be provided by SDAs,
which support the radio system ac-
cessing wider frequency ranges and
using flexible modulation to main-
tain and improve performance.

With the number of M2M and
loT devices far surpassing the
population of smartphones around
the world, cellular signal conges-
tion and interference become ma-
jor concerns. As more devices get
connected to existing networks, the
response is to increase the number
of base stations or nodes, which
exacerbates the interference prob-
lem. Today's passive antenna sys-
tems used in cellular client devices
for metering, vehicle tracking and

industrial automation lack the dy-
namic beamwidth control and front-
to-back ratio available from large
array antennas. Adopting SDA tech-
niques will provide beamwidth and
angular discrimination to minimize
interference in node-based cellular
networks, both 4G and 5G.

During the last decade, SDAs
have become feasible due to in-
novations on two fronts: RF tuning
components and RF modem chip-
sets. A wide variety of RF tuning
components and manufacturing
techniques for these components
have matured, with available com-
ponents comprising switches, tun-
able capacitors, RF MEMS switches
and tunable capacitors, BST tun-
able capacitors and PIN diodes.
Modem chipsets provide metrics
for real-time dynamic optimization
at moderate to low latency, such
as signal-to-interference-and-noise
ratio (SINR) and channel quality in-
dicator (CQIl). Such metrics can be
used to decide the optimal tuning
state of the antenna system.

PASSIVE ANTENNA
LIMITATIONS

In a communications link, the
antenna radiates and receives elec-
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solutions vou need.

RLC manufactures a complete line of RF and In addition, our large engineering staff and high
Microwave filters covering nearly every application volume production facility give RLC the ability to
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different filter types, each covering a specific designed filters at competitive costs, within days or
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antenna in the cli-
ent device should
radiate in all direc-
tions, since the di-
rection to the base
station antenna is
unknown, and mul-
tipath causes the
radiated signals to

Directive Antenna

4 Directive Beams

-~
s,
s,

2 dBi Gain from Dipole

s T

S gt

and from the base
station to scatter
and reflect over a

wide angle.
An  electrically
Y larger antenna,
\3t05d8 one that is one
Additional Gain | to  several wave-

lengths in size, can
be designed to ra-
diate over a more

A Fig. 1 Comparison of the radiation patterns of a dipole (a)
and more directive (b) antenna, showing the directive antenna

provides higher gain (c).

tromagnetic energy. An antenna a
few tenths of a wavelength in size
can be used to radiate energy over
a broad angular region, approach-
ing the performance of the theoreti-
cal isotropic radiator, i.e., radiating
equally in all directions. Radiation
over broad angular regions is im-
portant for mobile communications,
due to the multipath environment,
time-varying changes in the mul-
tipath environment and the mobil-
ity of the client device—all causing
dynamic variations in the propaga-
tion channel. Ideally, the passive

Is Your Phase
Non-Linearity
Too High?

restrictive angular
range. A reduced
3 dB beamwidth
between 30 and
80 degrees focuses more of the ra-
diated energy in the desired direc-
tion and provides several dB of im-
proved antenna system gain, which
translates to higher data rates. This
reduced beamwidth radiation pat-
tern also provides better rejection
of interfering signals arriving from
directions outside the main beam of
the antenna. However, a more direc-
tive and efficient antenna needs to
be pointed in the correct direction
for optimal link margin with the in-
tended base station, meaning more
information is needed to implement

Exceed Microwave’s phase equalizers can reduce your
system’s parabolic and cubic phase non-lingarity. We
have reduced hundreds of degrees of distortion down to

a few degrees and are available up to 67 GHz.

e >100 Yrs combined engineering experience

* Designed and Manufacured in the USA
AS9100D /1S09001:2015 Certified
ITAR Registered
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this type of antenna with mobility
and non-line-of-sight conditions.

Figure 1 compares the radiation
patterns of a dipole antenna and a
more directional antenna, which pro-
vides more gain. The dipole pattern
(see Figure 1a) has omnidirectional
coverage in the x-y plane and two
deep nulls in the z direction, while
the more directive antenna (see Fig-
ure 1b) has reduced beamwidth in
both the x-y plane and z direction;
however, it provides increased gain
in the direction of the main lobe.
Overlaying the dipole radiation pat-
tern in the omnidirectional plane
with the radiation patterns of the
more directional antenna (see Fig-
ure 1c) shows the increase in gain
with the directive antenna. Its beam
can be dynamically steered to cover
four 90 degree quadrants and pro-
vide 360 degree coverage.

Figure 1 shows the benefits of
dynamic beam steering afforded
by a SDA, comparing the low di-
rectivity, wide beamwidth, passive
antenna to the multiple beams gen-
erated by a beam steering antenna.
Taking the multiple beams to form
a composite radiation pattern, the
best case benefit is achieved when
beam steering is coupled with an
algorithm calculating the radio link
metrics and using this data to select
the optimal beam. When low la-
tency metrics are available from the
radio baseband chipset to drive the
optimization process, a well-config-
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(a)

Reflector (Grounded)

Ground Plane ‘A//Driven Element

Director (Grounded)

ment, since there is
only one driven an-
tenna element; the
second configura-
tion requires mul-
tiple antenna ele-
ments surrounding

Transceiver I

Baseband
Processor

(b)

Tuning Component

Digital Control Line

a single parasitic

Reflector (Grounded) element, and these
/Driven Element multiple antenna
Director (Grounded) | elements need

to be switched to
change the radia-
tion pattern. Switch
cost and losses
make this configu-

A Fig. 2 Passive Yagi antenna on a ground plane (a). Same

antenna with dynamic tuning (b).

ured algorithm allows for 80 to 90
percent of the composite pattern
benefit to be achieved.

SOFTWARE-DEFINED
ANTENNA EXAMPLE

As discussed, a SDA is dynami-
cally reconfigured in real-time to
compensate for changes in the
propagation channel and to ac-
commodate changes in the radio
system. To design a SDA to provide
hemispheric or full 3D coverage,
a couple of configurations can be
used: either a centralized antenna
element with parasitic elements on
the periphery or the inverse, where
multiple antenna elements surround
a central parasitic element. The first
is easier and more efficient to imple-

ration less efficient
than using a single
antenna with mul-
tiple parasitic elements.

In either case, active tuning com-
ponents are integrated into the an-
tenna element or parasitic elements
to provide switching or tuning. An
RF switch can be used to connect or
disconnect portions of a conductor
that is part of a parasitic element or
section of the driven antenna; this
change in conductor configuration
alters the current distribution of
the parasitic element or the driven
antenna. Alternately, a tunable ca-
pacitor can be used at the junction
of two conductors, introducing a
dynamically-varied capacitance for
impedance loading and connecting
discrete conductors.

One example of a passive antenna
(see Figure 2) is a Yagi on a ground

Ultra-Low Phase Noise
Synthesizers in PXle Format
Single Slot NK420:  0.25 ~ 32 GHz
Two Slot NK430: ~ 0.05 ~ 21 GHz

e | owest Phase Noise
¢ 0.001 Hz Frequency Resolution

® 50us Max Switching Speed
e 8 or 16 Sources in a Single PXle Chassis

Carmel

Instruments

The Quietest!

-124 dBc/Hz, 10 kHz Offset, 10 GHz Carrier

plane, which provides a directive ra-
diation pattern in one direction. By
adding tuning components to the re-
flector and director elements, the el-
ements can by dynamically connect-
ed or disconnected from the ground
plane. When the reflector and direc-
tor are connected or “grounded” to
the ground plane, the radiation pat-
tern will be directive, with the peak
gain pointing in one direction. When
the reflector and director are discon-
nected, the radiation pattern reverts
to that of a monopole on a ground
plane, with an omnidirectional pat-
tern in the plane of the ground plane.
The gain of the Yagi on a ground
plane is 5 to 6 dB greater than that
of a monopole.

Figure 3 shows a more complex
version of a SDA system, where mul-
tiple elements with tuning compo-
nents are located around a centrally-
driven antenna element. As the vari-
ous tuning components are activated,
to connect or disconnect the element
to the ground plane, a directive radia-
tion pattern is generated and rotated
in the plane of the ground plane,
steering the direction of the peak
gain of the antenna. A combination
of the centrally-driven antenna and
one of the offset elements with tun-
ing components is a type of Yagi an-
tenna, shown in Figure 2b.

To complete a SDA system, an
algorithm is required that uses
metrics from the baseband chipset
of the radio to determine optimal

PHASE NOISE (dBc / Hz)

100 1k 10k 100k 1M 1O0M
FREQUENCY OFFSET (Hz)

www.carmelinst.com | +1 (408) 866-0426
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Steerable Directive
Radiation Pattern

Offset Element with
Tuning Component

Ground Plane

Transceiver

o
Baseband == -
Processor

Digital Control Line

A Fig. 3 More complex SDA, where the beam is steered to
different sectors.

beam selection.
Figure 4 shows a
radio modem and
SDA, controlled
with the algorithm.
The algorithm ties
the modem and
SDA together; this
is highlighted in
Figure 4, where the
dotted lines that
define the modem
and SDA overlap at
the algorithm.

This discussion
of the antenna sys-
tem  architecture
only refers to a sin-
gle port antenna,

T T T T TS T ST E e E e E e E T \
Software Defined i :
Antenna : Offset Element with ég‘;g:: 0
Active Component

\ i P \ i

1
Modem ! H i
: ........................... - 1
' '
------------------------ 0 .
1 V! ; ‘ '
1 1 !
- P ; :
Bl 6oschand MTranscei R - E '
B Baseban ransceiver g £ ni End I T ] :
i P L TS o | : '
1 H ’ 1 : 1
1 f 1 a4 . : r
1 H I 4 : H 1
1 H N Algorithm . o H !
1 R - A : .
i 1 i Control Signals for 1
. L _______________ ) Active Elements ’:

A Fig. 4 SDA driven by the radio modem.

ERZIA

www.erzia.com

with two antennas needed for a 2 x
2 LTE MIMO application.

SYSTEM-LEVEL BENEFITS

A SDA with beam steering can pro-
vide from 3 to more than 6 dB of ad-
ditional antenna gain. The additional
gain equates to the same level of
system gain, resulting in higher data
rates. Figure 5 shows the relationship
between data throughput and SINR.
A measure of the signal level above
the level of noise and interfering sig-
nals, the SINR will increase on a dB
per dB basis as the antenna system
gain is improved. Figure 5 shows the
benefits of additional antenna system
improvement on system metrics, such
as throughput.

With low SINR values, an LTE
network will use quadrature phase-
shift keying (QPSK), essentially the
same as 4-QAM. As the QAM index
increases, the data rate increases
and the SINR needed to support
the modulation increases. When the
SINR exceeds 7 dB, 16-QAM, which
has 2x the throughput of QPSK, can
be used for transmission. With an
SINR of 13 dB, the best modulation
becomes 64-QAM, which has 2x
the throughput of 16-QAM and 4x
the throughput of QPSK. Antenna
system improvements obtained
from a SDA will be most noticeable
at lower SINR.

With the widespread adoption
of smartphones and the evolution
of cellular networks to 5G, the ap-

Space / Aerospace / Military / Laboratory

MW and MMW amplifiers and integrated assemblies
Up to 100 GHz. High degree of customization.

ERZIA Technologies
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in the intended di-
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rection, a SDA will
reduce interfering
signals arriving from
directions other

than the intended
base station. The
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and beamwidth of
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20 25 30 | the radiation pat-

tern.

A Fig. 5 Link data throughput vs. SINR.1

proach for the antennas in the client
device has been to design a low di-
rectivity, omnidirectional antenna—
or as close to omni as possible—to
ensure the client is capable of receiv-
ing signals across the widest spheri-
cal geometry. Since a device with a
passive antenna has no understand-
ing of base station location or the
angle of arrival, this wide beamwidth
approach provides the best method
for making the system work, ac-
counting for mobility and the change
in orientation and position of the de-
vice within the cell. Unfortunately,
from a system link budget perspec-
tive, this does not efficiently transmit
the power from the antennas in the
client device, since the power is ra-
diated in all directions, despite the
intended direction of the radiated
signal to the base station hosting the
link. When receiving, the passive,
wide beamwidth antenna has a peak
gain lower than a more directive an-
tenna. A directive antenna could be
used if the antenna “knew” which di-
rection to point.

SUMMARY

The SDA system can add multiple
dBs of system-level benefits when
dynamic optimization of the radiat-
ing element is incorporated with sig-
naling from the baseband modem,
with an algorithm to optimize the an-
tenna. Besides providing more gain

If an SINR met-
ric is available from
the baseband mo-
dem chipset with an algorithm to
optimize the SDA, the interference
in the propagation channel will be
considered as the radiation pattern
characteristics are surveyed and
optimized. This is becoming more
important as base stations are more
densely deployed to meet capacity
demands. As the base station den-
sity increases, interference becomes
the more limiting factor for through-
put, rather than signal strength.

Today's antenna engineer can
take advantage of the evolving fea-
tures in radio modems, such as low
latency SINR metrics and tunable
component technology, to reconfig-
ure passive antennas to dynamically
optimized SDA systems. If radiation
patterns are chosen for dynamic op-
timization, sectorization will provide
3 to 6 dB of system-level improve-
ment compared to a low directiv-
ity passive antenna. Optimizing the
pattern will become more important
as cellular networks increase the
density of base stations, enabling
the link to be optimized for both
signal levels and interference in the
propagation channel.ll
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OCTAVE BAND LOW NOISE AMPI.IFIER_S

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

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

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

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

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

QCompeﬂﬂve Pricing & Fast Delivery
e Military Reliability & Qualification
e Various Options: Temperature Compensation,
Input Limiter Protection, Detectors/TTL & More
¢ Unconditionally Stable (100% tested)

and AS91008
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Navy Expand Communications Reach with
Nanosatellite Launch

Navy nanosatellite designed to extend the
range of ultra-high frequency (UHF) commu-
nications into the polar regions was recently
launched from Vandenberg Air Force Base, Calif.

Officials at the Navy's PEO Space Systems and develop-
ers at Space and Naval Warfare Command Systems Cen-
ter Pacific are leading this effort known as the Integrated
Communications Extension Capability (ICE-Cap). ICE-Cap
will demonstrate the ability of low Earth orbit satellites to
extend the geographic coverage of the Mobile User Ob-
jective System (MUQOS) and legacy UHF Follow-On (UFO)
satellite constellations to the polar regions.

MUQOS gives mobile forces cell phone-like capabili-
ties via the Wideband Code Division Multiple Access
(WCDMA) waveform, while also supporting the legacy
UHF currently provided by the UFO satellites. Currently,
four MUQS satellites with one on-orbit spare make up
the constellation, providing UHF coverage between 65
degrees north and 65 degrees south latitude. The ICE-
Cap satellite will act as a relay to the existing MUOS
constellation and, based on its orbit, extend communi-
cations into the polar regions for mobile forces.

“This is a force multiplier,” said Capt. Chris DeSena,
program manager, Navy Communications Satellite Pro-
gram Office at PEO Space Systems. “The Arctic portion
of maritime domain is becoming more active and im-
portant, and MUOS and ICE-Cap help ensure we have
advantages in any challenges we might face there.”

The small size and low weight of nanosatellites make
them an affordable asset. The ICE-Cap payload, a 3U
nanosatellite similar in size to a loaf of bread, was com-
mercially launched as part of the Sun Synchronous Or-
bit-A (SSO-A) mission on a SpaceX Falcon 9 rocket with
more than 70 other satellites. In addition, the mission
launched three other Navy projects. These even-smaller
1U nanosatellites measure only 10 cm per side.

“The development and launch of these four nano-
satellites demonstrates the Navy's interest in leveraging
the significant growth and private-sector investment in
disruptive, new-space technologies aimed at driving
down the costs of developing, building, launching and
operating constellations of small satellites, increasing
access to space,” said Lt. Cmdr. Shawn Kocis, assistant
program manager for science and technology, PEO
Space Systems.

A traditional satellite often has an eight- to 10-year
design cycle and is expected to remain on orbit for
15 to 20 years. A nanosatellite has a 12- to 18-month
design cycle and an expected lifespan of about three
years. These shortened timelines allow for constant
technology insertion. The Navy satellites on the SSO-A
mission are a pathfinder for future Navy space efforts.

For More
Information

DefenseNews
Cliff Drubin, Associate Technical Editor | )

New Raytheon Radio Tech Delivers Clear
Comms in Crowded Environments

undreds of troops, dozens of aircraft and a
fleet of ships are on the move. The signals
are flying fast and furiously. Everybody is
on the same frequency; overhead drones transmitting
surveillance data, operators on the ground and com-
manders in the field. And because everyone is on a con-
gested frequency, what should be near-instantaneous
transmissions slow as the seconds tick by. On the battle-
field, those seconds can mean the difference between
success and failure. The answer could be X-Net, a new
radio communications system that autonomously and
instantly selects the optimal RF to keep communica-
tions flowing.

The radio, which is designed for use with missiles,
stand-off precision guided munitions and small un-
manned autonomous systems, connects host platforms
to the tactical network. It made its debut earlier this
year at a demonstration, dubbed ESCAPE, hosted by
the Air Force Research Lab and the U.S. Navy.

During ESCAPE, Raytheon swapped out two exist-
ing radios on a Navy RQ-21A Blackjack for the X-Net
system. Its mission was to allow the host platform to
freely operate in a dense signal environment and con-
duct its intelligence, surveillance and reconnaissance
mission. X-Net performed the flight control operations
and video transmission job of the legacy radios, and
also allowed the Blackjack to flip its own switch to the
best RF for operations. In fact, it continuously hopped
radio signals to avoid busy frequencies.

“We were jumping frequencies often because of the
different emitters that were out there,” said David Du-
ran, a Raytheon engineer and ESCAPE team member.
“Not once did we get a call or hear from anybody that
any of the communications were being stepped on.”

“This was a valuable opportunity to demonstrate new
mission capabilities—such as mesh network radios with
dynamic spectrum access like the X-Net Radio—into
the RQ-21A, which will lead to significant improvements
in battlefield communications,” said Steve Brown, mis-
sion systems lead for RQ-21A Blackjack. Now that it has
proven it can work in congested environments, X-Net
could be an option for use in contested environments.
It could potentially thwart an enemy’s attempts to jam
crucial RF.

“We've already seen examples of adversaries trying
to disrupt or completely destroy our information advan-
tage on the battlefield,” said Barbara Borgonovi, VP of
Raytheon Integrated Communication Systems. “X-Net
is a part of a solution to make sure those attacks never
work.”

Visit mwjournal.com for more defense news.
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CODE Demos Autonomy, Collaboration
with Minimal Human Commands

n a recent test series at Yuma Proving

Ground in Arizona, DARPA's Collaborative

Operations in Denied Environment (CODE)
program demonstrated the ability of CODE-equipped
unmanned aerial systems (UAS) to adapt and respond
to unexpected threats in an anti-access area denial
(A2AD) environment. The UASs efficiently shared infor-
mation, cooperatively planned and allocated mission
objectives, made coordinated tactical decisions and
collaboratively reacted to a dynamic, high-threat envi-
ronment with minimal communication.

The air vehicles initially operated with supervisory mis-
sion commander interaction. When communications were
degraded or denied, CODE vehicles retained mission
plan intent to accomplish mission objectives without live
human direction. The ability for CODE-enabled vehicles
to interact when communications are degraded is an im-
portant step toward the program goal to conduct dynam-
ic, long-distance engagements of highly mobile ground
and maritime targets in contested or denied battlespace.

During the three-week ground and flight test series
in a live/virtual/constructive environment, up to six live
and 24 virtual UASs served as surrogate strike assets, re-
ceiving mission objectives from a human mission com-

holzworth instrumentation

"CODE" (Source: DARPA lllustration)

mander. The systems then autonomously collaborated
to navigate, search, localize and engage both pre-
planned and pop-up targets protected by a simulated
Integrated Air Defense System (IADS) in communica-
tions and GPS-denied scenarios.

The DARPA team also has advanced the infrastruc-
ture necessary to support further development, integra-
tion and testing of CODE as it transitions to future au-
tonomous systems. CODE's scalable capabilities could
greatly enhance the survivability, flexibility and effec-
tiveness of existing air platforms, as well as reduce the
development times and costs of future systems.

Further development of CODE and associated in-
frastructure will continue under DARPA until the con-
clusion of the program in spring 2019, followed by full
transition of the CODE software repository to Naval Air
Systems Command.
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FCC Approves Broadband Satellite
Services, Galileo Access

he FCC has approved requests from Kepler,

LeoSat, SpaceX and Telesat proposing to

launch low Earth orbit (LEO) satellite con-
stellations to provide global broadband internet or loT
services, as well as officially allowed users in the U.S. to
tap into signals from Europe’s Galileo satellite naviga-
tion system.

The FCC granted Kepler's request for U.S. market ac-
cess with certain conditions. The approval allows Kepler, a
proposed constellation of 140 satellites originally licensed
by Canada, to offer global loT services using sensors and
other “intelligent” devices. The satellites will use the 10.7
to 12.7 and 14 to 14.5 GHz frequency bands.

The FCC granted LeoSat’s request for U.S. market
access. LeoSat, which will operate under the ITU filings
of France with a planned authorization from the Neth-
erlands, proposes to provide high speed connectivity
for enterprises and underserved communities from a
constellation of 78 satellites. LeoSat will use the 17.8 to
18.6, 18.8 to 19.4, 19.6 to 20.2, 27.5 to 29.1 and 29.5
to 30 GHz frequency bands.

The FCC authorized SpaceX to construct, deploy and
operate a LEO constellation of more than 7,000 satel-
lites and granted SpaceX's request to add the 37.5 to 42
and 47.2 to 50.2 GHz frequency bands to its previously
authorized NGSO constellation. In a written statement,
the FCC said the updated approval provides SpaceX
with additional flexibility to provide diverse geograph-
ic coverage and capacity to support a wide range of
broadband and communications services globally, al-
though the FCC has imposed “certain conditions.”

The FCC granted Telesat, a proposed constellation
of 117 satellites licensed by Canada, access to the U.S.
market. Telesat plans to offer high speed, low latency
communication services using the 37.5 to 42 and 47.2
to 50.2 GHz frequency bands.

Acting on a request from the EU, the FCC has ap-
proved allowing users located in the U.S. to access the
Galileo global navigation satellite system (GNSS), de-
veloped by Europe. The change allows devices such as
mobile phones that already have the capability to ac-
cess two of Galileo's three signals, augmenting signals
from the U.S. GPS. The added bands should improve
availability and reliability of GNSS services in the U.S.

The FCC order permits devices to access two of Gali-
leo’s satellite signals that are in the same bands used
by GPS:

* The E1 signal in the 1559 to 1591 MHz portion of
the 1559 to 1610 MHz Radionavigation Satellite
Service (RNSS) band.

e The E5 signal in the 1164 to 1219 MHz portion of
the 1164 to 1215 MHz and 1215 to 1240 MHz RNSS
bands.

For More
Information
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Cliff Drubin, Associate Technical Editor

By design, the Galileo and GPS systems are interoper-
able, with Galileo’s E1 and E5 frequencies complementary,
as reflected in the 2004 EU/U.S. Galileo-GPS Agreement.

However, the FCC did not approve access to Gali-
leo's E6 signal within the U.S. E6 falls in the 1260 to
1300 MHz band, which is not allocated for RNSS in the
U.S. nor used by GPS. In a statement, the FCC said ac-
cess to the E6 signal could constrain future options for
using that spectrum.

China Will Ultimately Be World’s Largest 5G
Ecosystem

hina has announced aggressive plans with

the superfast 5G connectivity and has posi-

tioned the new cellular generation as a key
pillar of its economic development initiatives. However,
despite China’s vigorous pursuit to win the 5G race, it is
U.S. operators who will actually deploy 5G before their
Chinese counterparts, according to ABI Research.

“While they won't be the first country to deploy 5G,
once they do, China will be the world's largest 5G eco-
system. At present, China has more than 160 cities with
a population of more than 1 million and 15 cities with
a population of more than 10 million,” said Emanuel
Kolta, research analyst, ABI Research. “This will make
China the biggest single mobile broadband market and
the Chinese government aims to position 5G as a key
technology in its industrial revolution strategy.”

China Mobile, China Unicom and China Telecom will
all start large-scale deployments in 2020, prior to 2019's
pre-commercial deployments. While the provision of en-
hanced mobile broadband to consumers will be the core
proposition in early Chinese 5G deployments, industrial
applications and network slicing will be the target of all
Chinese operators. The Chinese central government has
positioned 5G as a core component of its 13t Five-Year
Plan and Made in China 2025 strategic plan to upgrade
the Chinese industry. AR and VR have significant impor-
tance in consumer and industrial applications. While con-
sumer application VR games are more well-known within
the public, the Chinese government has high expecta-
tions for industrial applications of AR/VR, such as for vir-
tual instruction manuals and virtual assistance.

“China has a unique position because its govern-
ment does not just regulate the telecommunications
market, but also actively shapes and encourages the
market and its participants,” Kolta concluded.

5G Americas Reveals Potential of URLLC

ith 5G new services and applications requir-
ing lower latency, better reliability, massive
connection density and improved energy

Visit mwjournal.com for more commercial market news.
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efficiency will be enabled, making
our connected lives and industries
faster, smoother and more efficient.
5G networks are being architected
to support the service category
of ultra-reliable low latency com-
munication (URLLC). A variety of
advanced services for latency sen-
sitive connected devices will be
supported by URLLC to enable
wide-ranging applications like fac-

tory automation, autonomous driv-
ing, industrial internet and smart
grid.

5G Americas announced the
publication of “New Services &
Applications with 5G Ultra-Reli-
able Low Latency Communica-
tion,” which details the principles
of achieving URLLC, explains the
need for a new approach and high-
lights key requirements of URLLC
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services with an emphasis on tech-
nical challenges and solutions.

"With the wide range of unique
5G services, the context of com-
munication will expand to vehicles,
high speed trains, drones and in-
dustrial robots with the change
agent being URLLC. With such ad-
vancement, mission-critical applica-
tions have stringent communication
performance and reliability require-
ments,” said Chris Pearson, presi-
dent, 5G Americas. “To support
such complex communication, low
latency is seen as a crucial ingredi-
ent with URLLC as a key enabler in
this new age of connectivity.”

The 5G Americas report de-
scribes upcoming use cases of
URLLC in smart transportation, in-
dustry automation and tele-surgery
and presents the latency and reli-
ability requirements for these ap-
plications. The white paper also
identifies possible latency bottle-
necks in current cellular networks as
well as future 5G networks and lays
out the necessary implementation
blocks for achieving end-to-end
latency reduction required to sup-
port mission-critical applications.
In addition, the report summarizes
the recent performance evaluation
results of the basic designs and
implementation of the 5G physi-
cal layer, multiple access layers and
air interface blocks essential to re-
ducing latency and achieving the
desired reliability. It also discusses
other potential latency reduction
measures including Multi-Access
Edge Computing (MEC).

“Although the first commercial
5G deployments are focused on
enhanced mobile broadband use
cases, the future of 5G will include
ultra-high reliability and/or low la-
tency features. We are living in a
time where mobile and vertical in-
dustries are undergoing a rapid
transformation boosted through
critical  communication  capabili-
ties,” noted Rao Yallapragada,
director of Advanced Technolo-
gies, Intel and co-leader of the 5G
Americas URLLC white paper team.
“URLLC will unleash an array of in-
novative applications and digitize
a legion of verticals touching each
aspect of human lives.”
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Aroundthe Circuit
Barbara Walsh, Multimedia Staff Editor

MERGERS & ACQUISITIONS

API Technologies has signed a definitive agreement to
sell 100 percent of the capital stock of APl Defense USA,
its Electronics Manufacturing Services (EMS) business,
to Kitron Inc., a subsidiary of Kitron ASA. EMS, based
in Windber, Pa., is a leader in the manufacture, testing
and repair services of electronic components and as-
semblies for U.S. OEMs. Kitron is one of Scandinavia’s
leading electronics manufacturing services companies
for the energy/telecoms, industry, defense, medical de-
vices and offshore/marine sectors.

COLLABORATIONS

Keysight Technologies Inc. announced that the com-
pany has extended its collaboration with SGS on 5G
conformance testing. SGS has been leveraging Key-
sight’s solutions for more than 10 years. Since then, SGS
has relied on Keysight's test & measurement solutions
for 3GPP LTE and 3G (WCDMA) regulatory, protocol
and RF testing. SGS selected Keysight's 5G NR network
emulation solutions, based on Keysight's UXM 5G wire-
less test set, for regulatory RF, radio resource manage-
ment (RRM) and protocol testing of 5G mobile devices
across sub-6 GHz and mmWave frequencies.

HUBER+SUHNER has announced it has joined the
Next Generation Mobile Networks (NGMN) Alliance.
The Alliance advocates and seeks to encourage expan-
sion of the communications experience by providing an
integrated and cohesively-managed delivery platform
that brings affordable mobile broadband services to
the end user. The Alliance has a particular focus on 5G,
while accelerating the development of LTE-Advanced
and its ecosystem.

ACHIEVEMENTS

PowerSphyr has been awarded a patent to deliver
the first truly intelligent near-field and far-field wireless
charging solution. It is a full-fledged utility patent that
defines PowerSphyr as the only platform to deliver truly
intelligent “drop & go” wireless charging. The patent
covers both transmission and receiving of multi-mode
near-field and far-field wireless charging to intelligently
identify optimal power requirements between power
and charging units, dynamically switch between near-
and far-field charging based on distance and power re-
quired, optimize charging time by mapping device ca-
pacity to charge delivery and extend the architecture to
support all viable near- and far-field charging standards.

Isola Group announced that it has achieved IATF
16949: 2016 certification for their Chandler, Ariz. head-

quarters and their facilities in Duren, Germany, Huizhou
and Suzhou, China and Taoyuan and Yangmei, Taiwan.

For More
Information
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CONTRACTS

CACI International Inc. announced that it has been
awarded a $413 million prime contract by the Gen-
eral Services Administration (GSA) Federal Acquisi-
tion Service (FAS) Federal Systems Integration and
Management Center (FEDSIM) on behalf of the U.S.
Army Communications-Electronics Research, Develop-
ment and Engineering Center (CERDEC) Intelligence
and Information Warfare Directorate (I2WD) to provide
support for ground-based intelligence and communica-
tions systems within the Army’s TROJAN STRONG fam-
ily of systems (FoS). This five-year contract represents
both the continuation of current support as well as new
work in CACl's Command and Control and Intelligence
Systems and Support market areas.

The U.S. Army'’s Program Executive Office for Enter-
prise Information Systems (PEO EIS) has named ECS
the prime awardee of an $87 million contract to provide
ongoing operational support for the Integrated Person-
nel and Pay System-Army (IPPS-A) Project Management
Office Support Services (PMOSS). IPPS-A serves both
active and reserve components of the Army, and will
provide a centralized resource for service members and
human resource professionals to better manage per-
sonnel and pay information. Awarded as a CPFF con-
tract, the IPPS-A PMOSS project has a four-year period
of performance.

Ultra Electronics Holdings plc (ULE) and Sparton
Corp. announced the award of subcontracts valued
at $39.6 million to their ERAPSCO joint venture, for
the manufacture of sonobuoys for the U.S. Navy. The
award is a GFY18 ERAPSCO IDIQ contract release for
sonobuoy requirements under ERAPSCO's five year
contract. ERAPSCO will provide production subcon-
tracts in the amount of $19.4 and $20.2 million to Ultra
Electronics USSI and Sparton Deleon Springs LLC, re-
spectively. Production will take place at Ultra Electronics
USSI's Columbia City, Ind. facility and Sparton’s DeLeon
Springs, Fla. facility and is expected to be completed
by September 2020.

Battelle was awarded a five-year, $14.6 million task
order by the U.S. Air Force Installation Contracting
Agency (AFICA) under the DoD Information Analysis
Center's (IAC) Cyber Security Technical Area Task (CS
TAT) Multi-Award Contract to support the Defense Tech-
nical Information Center (DTIC) in the development and
enhancement of DTIC's capabilities for search, discov-
ery and analysis of technical data and information.

Teledyne Microwave Solutions has been awarded a
$7.5 million sole source contract from the Naval Supply
Systems Command Weapon Systems Support (NAV-
SUP) in Philadelphia, Pa. The contract is for the repair of
traveling wave tubes (TWT) used on the ALQ-99 system
in support of the EA-18G “Growler” aircraft. Teledyne
has supported the ALO-99 system and its associated
aircraft since the 1970s. Teledyne's engineering innova-

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

tions in TWT technology continue to be deployed to-
day to meet the stringent requirements of the U.S. Navy
and other military purposes.

Kratos Defense & Security Solutions Inc. announced
that it has been awarded a contract by SKY Perfect
JSAT Corp. (SJC) to design and build gateways for
SJC’s new High Throughput Satellite (HTS) network.
The JCSAT-18 HTS satellite, launching in 2019, will de-
liver broadband and mobile communication services to
Asia-Pacific and Eastern Russia. Kratos will design and
build a state-of-the-art Ka-Band multi-site gateway so-
lution for SJC's new JCSAT-18 satellite. Kratos' breadth
of gateway solutions are assembled and tested in their
integration facility to enable rapid on-site assembly and
commissioning. This results in both higher quality and
faster time-to-market than traditional piecemeal ground
station deployments, and protects SJC's investment by
reducing complexity and risk.

Modelithics has recently been named as a partner
in the Qorvo-led team that was recently awarded an
Air Force Research Lab (AFRL) contract related to
Broad Area Announcement (BAA) solicitation titled
“Engineering Predictable Behavior into GaN Devices
Foundational Engineering Problem (FEP).” The Qorvo
team includes Modelithics, University of Padova, HRL,
University of Colorado and NI AWR. The goal of the

M WAVE DESIGN CORPORATION

designs and manufactures in the U.S.
and provides a broad range of custom passive
microwave hardware from 100MHz to 50GHz.

project is to develop an advanced GaN device mod-
eling framework that accounts for aging and reliability
effects along with electrical performance, thermal and
mechanical considerations and material variations.

General Atomics Aeronautical Systems Inc. (GA-ASI)
has been advised that, following consideration by the
Australian government, it has been selected to provide
the Armed Remotely Piloted Aircraft System (RPAS) un-
der Project Air 7003 for the Australian Defence Force
(ADF).The ADF joins other top-tier military forces in
choosing a MQ-9 variant because of its proven multi-
role combat performance. Known as the "operators”
choice, the MQ-9 is part of GA-ASI's Predator® series
of RPAS, which is the world’s most trusted and capa-
ble Armed Medium-Altitude, Long-Endurance (MALE)
RPAS, and hails from a family of RPAS which recently
surpassed five million flight hours.

Accel-RF has won a follow-on contract with The Air
Force Research Laboratory through the Small Business
Innovation Research (SBIR) program. The Phase Il SBIR
will continue development efforts for mmWave acceler-
ated life test systems and spans from September 2018
to December 2020. The object of the Phase Il effort is to
demonstrate a system platform capable of performing
end of life reliability analysis on multiple individual test
devices at V- and W-Band frequencies.

PEOPLE

Anokiwave Inc. announced the appointment of Alastair
Upton as senior VP of business development.

SUPPLYING HIGH-PERFORMANCE PASSIVE
RF & MICROWAVE COMPONENTS SINCE 1988

_—

M WAVE DESIGN CORPORATIO

is ISO9001 certified, ITAR compliant
and provides superior customer
service. We are proud to celebrate
our past 30 years and to support

you in the next 30.

M WAVE DESIGN CORPORATION |
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(805) 499-8825

HIGH-POWER WAVEGUIDE ISOLATORS

S band through R band waveguide isolators
Covering S-Band (2 GHz) through U-Band
(50 GHz); our Isolator product line provides
state of the art power handling and insertion
loss. With available options of; high power
terminations, multiple interface flanges,
miniature versions, and integrated Forward
and Reverse power monitoring.
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COAXIAL CIRCULATORS

Our full line of Coaxial circulators from 100
MHz to 40 GHz feature high power ratings
(> 100 Kw), and low insertion loss (< 0.10
dB) depending upon the application. With
many connector interfaces & package
options, we can provide a solution to your
needs.

INFO@MWAVEDESIGN.COM
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What Advances Can You
Make With Cobham?

Advanced Antenna Solutions for Air, Land, Sea and Space

Threats come in many forms. Cobham Advanced Electronic
Solutions designs and manufactures antennas and subsystems
that enable detection, identification and transmission of data to
ensure the safety and defense of people and property.

From man-portable antennas that can be deployed in the field

in minutes to installed and embedded antennas that provide

communications, electronic protection and weather detection, ‘ DBHHm
Cobham Advanced Electronic Solutions can meet your unique

reguirements. INNOVATION THROUGH INSIGHT
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INTEGRATED
MICROWAVE ASSEMBLIES
AND COMPONENTS

INTEGRATED &

ASSEMBLIES _

» Solid State Switch Based £
Assemblies

* Direction Finding and Beam
Forming Networks
* Custom Integration and turn Key

systems

SOLID STATE

SWITCHES
+DC to 40 GHz

+ SPST to SP65T configurations
Any design can be optimized for

on loss,

SOLID STATE
VARIABLE
ATTENUATORS

* Phase Invariant, Broad Band or
Octave Band models available

« Attenuation Ranges 30-120dB

+ 10 MHz to 18 GHz bandwidths ***
available

* Digital, Analog or Current
Controlled
Variable Attenuators

« Designed to meet MIL Std 202
(additional screening available)

LOG VIDEO
AMPLIFIERS

« Standard products - 50 and
70 dB dynamic range
SDLVA & DLVA

« CW immunity circuits
available for all models

40 YEARS OF PURSUING EXCELLENCE
THROUGH ENGINEERING

Z7\\\

MIL 883 CAPABLE - 1SO9001:2015 REGISTERED
7309-A GROVE RD | FREDERICK, MD
PHONE 301.662.4700 | FAX 301.662.4938
AMERICANMIC.COM | SALES@AMERICANMIC.COM
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Aroundthe Circuit

In this role, Upton will lead the com-
pany's strategic accounts, manage
partnership programs and provide
telecommunications expertise. This
appointment comes at a strategic
4 time for Anokiwave, with tremen-
dous opportunities for continued
growth in the rapidly developing
mmWave 5G, SATCOM and A&D
markets. Upton joined Anokiwave in
June 2018, and brings 38 years of experience in the
semiconductor industry covering both defense elec-
tronics and high volume commercial applications at
companies such as GE Aerospace, Lockheed Martin,
RF Micro Devices (now Qorvo), MACOM and IDT.

A Alastair Upton

Sunstone Circuits® announced the
addition of Sean Hulin to their mar-
keting and sales team. In his role of
marketing and sales manager, Hulin’s
vast background in brand marketing,
strategy and sales will be a tremen-
) dous asset to the Sunstone team. In
g addition, Hulin brings valuable expe-
A Sean Hulin rience from his previous roles includ-
ing building and managing successful
teams, developing and executing sales and marketing
strategies across many different industries and prod-
ucts, years of digital marketing expertise as well as his
involvement in successfully growing a technology com-
pany from the ground up.

Microwave  Journal
announced the pro-
motion of Michael

Hallman to associate
publisher. Hallman has
been with Microwave
Journal since 2003,
servingas eastern re-
gional sales manager.
He will continue in that
role along with his new position and responsibilities.
Sister publication Signal Integrity Journal announced
Ed Kiessling has been named sales manager. Kiessling
has been with parent company Horizon House Publica-
tions Inc. since 1991, most recently serving as ad traffic
manager for Microwave Journal.

Michael Hallman

A Ed Kiessling

REP APPOINTMENTS

Antenna Systems Solutions S.L. announced it has
formed a new alliance with Next Phase Measurements
(NPM) to serve North and South America. NPM will be
the distributor and Value-Added Reseller (VAR) across
both American continents. This new partnership lever-
ages world-class established products, including, near-
field, CATR, RADOME and RCS test ranges, positioners,
antennas, probes and antenna measurement software.
The team’s experience will be applied to find innovative
solutions to customer antenna measurement require-
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Even the best MMIC
specs will only get
you SO far.

Jur devices are ready for your most adventurous designs.

Ve have engineered our GaAs and GaN MMICs from the ground up to perform
inder the most rigorous conditions. So if you have your sights set on space,
llow us to provide the space-qualified screening that will get your projects

pproved for launch.

EustomMMIC.com

Where can we take you next? ’
. Custom

 MMIC
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IEEE Wireless and Microwave Tel:llnoln_gv G_l_l[l[eren_cl_z
) Hiltolq_cocoa_l_leacll

April 8-9,2019

20" ﬁrmwersar:y

The 20th annual IEEE Wireless and Microwave
Technology Conference (WAMICON 2019) will be held in
Cocoa Beach, Florida on April 8-9, 2019. The
conference will address up-to-date multidisciplinary
research needs and interdisciplinary aspects of wireless
and RF technology. The program includes both oral and
poster presentations as well as tutorials and special
sessions. The conference also features an active vendor
exhibition area and an array of networking opportunities.

The technical program is focused on Simulation Driven
Design of Emerging Wireless, Microwave and
mm-Wave Circuits and Systems. All aspects of related
technologies including antennas, pasive and active
circuits, communication theory and system concepts are
encouraged. Prospective authors are invited to submit
original and high-quality work for presentation at
WAMICON 2019 and publication in IEEE Xplore.

Topics of interest include:
* mm-Wave to THz Technologies
* Internet of Things (loT)
* Power Amplifiers, Active Components and Systems
* Passive Components and Antennas
* Microwave Applications

Visit www.wamicon.org for complete submission details.
Papers Due:

Author Notification:
Final Papers Due:

February 8, 2019
February 22, 2019
March 1, 2019

L]
ey

Exhibit/Sponsor Opportunities Available!
Email: jassurian@reactel.com
llevesque@modelithics.com
dzavac@tte.com
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Aroundthe Circuit

ments, with competitive pricing, delivery and unparal-
leled service and support.

AtlanTecRF announced the appointment of D&L Tech-
nical Sales Inc. as its new sales representative for Ari-
zona and Nevada. The team at D&L Technical Sales will
sell AtlanTecRF's complete range of RF satellite simula-
tors and SATCOM test equipment. The range includes
everything from single and multi-path satellite simula-
tors, to AtlanTecRF's unique drone and HAPS payloads.
D&L Technical Sales will also sell AtlanTecRF's range of
manual, battery powered, weatherproof, portable and
ethernet control loop test translators (LTT), noise and
signal generators and noise injection test translators.

Southwest Microwave announced that Milexia is ex-
panding its presence to include France, in addition to
serving as the exclusive distributor for Italy and Greece.
Milexia Group is a European leader delivering high tech
components, systems and scientific instrumentation.
The company operates regionally with Milexia Italia
SpA, founded in 1974, and Milexia France SAS, found-
ed in 1971, specializing in RF and microwave compo-
nents for civilian and military industries.

XMA-Omni Spectra® announced the appointment of
Mission Critical Sales LLC as its exclusive sales repre-
sentative in New England.

IN MEMORIAM

Barry S. Perlman passed away on
November 5, 2018. He retired in
June 2012 as the director of R&D of
solid-state electronics for military ap-
plications for the U.S. Army Commu-
nications-Electronics Research De-
velopment and Engineering Center.
He was an IEEE Life Fellow and 2009
A Bary 5. Periman president of IEEE MTT-S.

The ARMMS RF & Microwave Society paid tribute to
several members who had passed away since the previ-
ous conference. Terry Oxley had been a significant con-
tributor to the U.K. microwave industry through his time
at the GEC Hurst Research Centre. Oxley's work was
recognized through numerous awards including Her
Majesty’s Silver Medal in 1977, the GEC Gold Medal in
1989 and a distinguished service award from the IEEE,
as well as being elected a Life Fellow in 1999. Richard
Mumford, international editor of Microwave Journal
and a frequent attendee of the meetings, had been a
keen supporter of ARMMS and valued colleague. His
was a warm and friendly smile when and wherever you
met him around the world. He will be sorely missed.
Lastly, the Society paid tribute to John “Robbie” Burns,
managing director of Testime Technology. A glass was
raised to them all at the Society dinner.
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WHEN 5G MASSINE MIMO
DEMANDS PERENEEANCE
IN TINY ENEEEEEE

Introducing the all-new high power 0805 (5W WIlW) form factor coupler product family
* Constructed from organic substrates

* Electrical and mechanical stability up to +105C (AEC-Qxx)

* Footprint optimized couplers for increased power and superior RF performance

* Specifically designed for all applications where high power is essential

Available in 2dB, 3dB,
4dB, 5dB, 10dB and
20dB coupling

Anaren

A TTM Technologies.covrany
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Automotive Radar and
Congested Spectrum: Potential
Urban Electronic Battlefield

Sefa Tanis

Analog Devices Inc., Norwood, Mass.

s automotive radars become

widespread, the heavily occupied

RF spectrum in an urban environ-

ment will resemble an electronic
battlefield. Radar will face a combination of
unintentional—even intentional—jamming,
and designers must implement counter-jam-
ming techniques like ones used in electronic
warfare (EW). An automotive radar can expe-
rience either denial or deceptive jamming.
Denial jamming blinds the victim’s radar, re-
ducing the signal-to-noise ratio (SNR) and,
as a result, the probability of target detec-
tion is degraded. Deceptive jamming makes
the victim's radar “see” targets that are re-
ally false. The victim's radar loses the ability
to track the real targets, and vehicle safety is
compromised. These jamming attacks could
originate from mutual interference between
automotive radars or be deliberate, by sim-
ply pointing a strong continuous wave (CW)
signal into the victim’s radar using inexpen-
sive hardware.

While current jamming avoidance tech-
niques may be adequate today, with the
proliferation of radar sensors, more resilient
mitigation techniques will be needed, either
stand-alone or in conjunction with other ap-

Transmit
Receive

proaches. Such techniques in-
clude time/frequency domain
signal processing or complex

p I radar waveforms.
B

JAMMING FMCW RADAR
The waveform is a critical

T
Tchirp

system parameter that deter-
mines the radar’s performance

T
Tcpi

A Fig. 1 FMCW chirp sequence

waveform.
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in the presence of jammers.
Automotive radars in the 77
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GHz band mainly use FMCW waveforms,
where a CW signal is linearly swept or
“chirped” in frequency across the RF band
(see Figure 1). The frequency difference or
beat frequency (fg) between the transmit
and receive signals is proportional to the
distance to the target (R) and can be deter-
mined by

fg = 2 fsweep R,
C Tchirp
where f, .., is the change in frequency and
Tehirp is the time for the frequency sweep.

11}

Unintended jamming can occur in a dense
RF environment when FMCW radar sensors
are operating in the same portion of the fre-
quency band. A typical automive jamming
example is shown in Figure 2a.

Denial Jamming

An arbitrary FMCW jamming signal that
falls in the receiver bandwidth of the victim’s
radar raises the noise floor (see Figure 2b).
Called denial, this jamming may cause small
targets—those with small radar cross section
(RCS)—to disappear, due to the poor SNR. A
denial attack could be purposeful, by simply
beaming a strong CW signal into the victim’s
FMCW radar.

Deceptive Jamming

If the swept frequency of the jamming
signal is delayed and synchronized with
the victim’s radar, the impact is a false tar-
get generated at a fixed range (see Figure
2¢). This technique is commonly used by
EW jammers. However, this can occur un-
intentionally with an oncoming automobile
having a similar FMCW radar, although the
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Victim Radar Tx
Real Target Return
Jammer

.

Victim Radar Tx
Real Target Return
Jammer

A Fig. 2 Driving scenario (a) with denial jamming (b) and deceptive jamming (c) of an FMCW radar.
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SEMICONDUCTORS

Compound Semiconductor Solutions from RF to Lightwave™

Integrated Solutions for Next Generation

Communications, Radar and Satellite Systems

WIN’s Advanced Technology Platforms Enable Multifunction
GaAs ICs and Single Chip Front-Ends...Through mm-Wave

5G MIMO

| Watt-level power, <1dB NF and mm-Wave PIN on one-chip
| Bump or hot via assembly

Radar

I Tx: 0.25um GaN PA and SW

I Rx: pHEMT LNA with monolithic PIN limiter

Fixed Satellite Services

I X/Ku/Ka power and low noise platforms with ESD protection and
advanced assembly options

Contact WIN for more information.

With unrivaled manufacturing scale and a broad portfolio of compound semiconductor solutions,
WIN gets you there...FAST.

North America: ieliashevich@use.winfoundry.com winfoundry.com/contactus

Europe: harryq@use.winfoundry.com info@winfoundry.com



X - BAND HP LIMITERS

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

. High power protection 100W CW
and 1 KW peak (1 microsec pulse
width)

. Very low leakage level (#+10 dBm typ.)

. Low insertion loss and VSWR.

. Ideal for Radar Application

. Fast recovery time, 1 Microsec Typ.

. Built-In DC Block @ input and
output.

. Hermetically sealed module

. Removable connectors for surface
mount installation.

Typical Performance @ + 25 Deg. C

FREQ | MAXMUM' | g | MAX

MODEL RANGE | INSERTION el INPUT

(GHz) | LosS (d8) CWw)

LS0B12PP100A |  8-12 0 2 100
Note: 1. Insertion Loss and VSWR

tested at -10 dBm.
Note: 2. Limiting threshold level, +4 dBm
typ @input power which makes

52

TechnicalFeature

probability of time

alignment be-
tween the victim
and jamming ra-
dars is small. None- -10

Real Target

Jammer

theless, a jammer
delay offset less
than the maximum
range delay of the
victim'’s radar could
look like a real tar-
get. For example,
a radar with 200
m maximum range
would require
sweep alignment

Magnitude (dB)

|
ol 'l.“ i ||| | “Jl iy

! L

of less than 1.3 ps. 0 10

Such a deceptive | (@

20 30 40 50
Frequency (MHz)

attack could be
intentional  using
sophisticated EW
equipment mount-
ed on the oncom-
ing automobile.

Generally, de-
ceptive jamming is
based on retrans-
mitting the vic-
tim radar's signal
with a systematic
change in delay
and frequency. This 0
signal can be non- 0 5 10
coherent, in which | (b

20 25
Time (ps)

30 35 40 45 50

case the jammer
is called a tran-
sponder, or coher-
ent, termed a repeater. Repeaters
receive, alter and retransmit one or
more jamming signals, while tran-
sponders transmit a predetermined
signal when the desired victim’s
signal is detected by the jammer. A
sophisticated repeater-based attack
typically requires a digital RF mem-
ory (DRFM). A DRFM is capable
of carrying out coordinated range
delay and Doppler gate pull-off at-
tacks, with the false target range
and Doppler properties maintained
to deceive the victim's radar.

with jamming.

JAMMING MITIGATION
Basic radar jamming mitigation

techniques rely on avoidance. The

objective is to reduce the probabil-
ity of overlap in space, time and fre-
quency, using methods such as:

* Spatial: Using a narrow and elec-
tronically-scanned beam to re-
duce the risk of jamming. A typi-
cal field of view for long-range

A Fig. 3 FFT (a) and STFT (b) of the radar echo IF waveform

automotive cruise control radar

is 8 degrees. Nonetheless, a

strong jammer could be effective

via the antenna sidelobes.

* Temporal: Randomizing the
FMCW chirp slope parameters to
avoid periodic jamming.

® Spectral:  Randomizing  the
FMCW chirp start and stop fre-
quencies to reduce the probabil-
ity of overlap and jamming.

The basic methods of random-
ization would avoid accidental syn-
chronization with other radars but
might not be as effective in dense
RF environments. The growing
number of radar sensors will require
more sophisticated techniques to
mitigate possible jamming.

Detect and Repair

An alternative method to avoid
jamming is to repair the received
waveform using signal processing
algorithms. Time/frequency domain
techniques can be effective against
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A Fig. 4 Radar and jammer chirps (left) and STFT-processed IF (right) for similar direction (a), opposite direction (b) and CW

interference (c) scenarios.

denial type jamming. In the oncom-
ing automobile scenario (see Figure
2), the jammer sweeps all frequency
bins for a very short time duration.
This fast time-varying signal mani-
fests itself as a raised noise floor in
the fast Fourier transform (FFT) do-
main. Time/frequency domain sig-
nal processing transfers the signal
to another domain where it is easier
to filter out the jamming.

For time-varying signals, a short
time Fourier transform (STFT) pro-
vides more information than a regu-
lar FFT, and STFT-based techniques
can be used for countering narrow-
band jamming (see Figure 3). The
STFT essentially moves a window
through the signal and takes the
FFT of the windowed region. The
signal is filtered in the frequency
domain to remove the jammer com-
ponents before being transformed
back to the time domain. Figure
4 shows a typical FMCW jamming
scenario of overlapping RF chirp se-
guences and the IF signals obtained
using STFT processing. The plots on
the right show the beat signal from
mixing the radar (blue) and jamming

54

(orange) signals. A horizontal line in-
dicates a target, while V-shaped ver-
tical lines indicate the presence of a
jamming signal. Similar or opposite
direction FMCW jamming or a CW-
like slow chirp have similar effects
on the IF signal. In all these jamming
scenarios, the fast moving V-shaped
IF signal raises the noise floor in the
regular FFT domain, as was seen in
Figure 3.

Amplitude-based masking can
be used to filter out jamming in
the STFT domain. This assumes, of
course, that the victim’s radar front-
end and quantization have enough
dynamic range to linearly process
the stronger jammer signal and the
small intended target at the same
time. Figure 5a shows the STFT sig-
nal with a strong jammer, and Figure
5b shows the STFT after amplitude-
based masking. Without processing,
multiple real targets will not be visible
in the presence of a strong jammer;
however, amplitude-based masking
excises the V-shaped jammer in Fig-
ure 5b, enabling the low SNR targets
to be discerned when transformed
back to the time domain.

While STFT-based jamming miti-
gation can be used against strong
jammers in denial jamming scenarios,
with deceptive jamming attacks, STFT
alone cannot authenticate whether
the return signal is real or false.

Encrypted RF

The simple countermeasure to
reduce the impact of deceptive jam-
ming from repeater attacks is using
a low probability of intercept (LPI)
radar waveform. The objective of an
LPI radar is to escape detection by
spreading the radiated energy over
a wide frequency spectrum, usually
via a quasi-random sweep, modula-
tion or hopping sequence. FMCW is
a type of LPl waveform, and if phase
coding or encryption is used with
the frequency chirp, it is possible to
further reduce the probability of a
DRFM intercepting the radar signal.
An encrypted RF signature unique
to each radar sensor can authenti-
cate the return signal.

Figure 6 shows a use case where
two identical radars are on two dif-
ferent automobiles, and the fre-
quency offset and delay between

Content is copyright protected and provided for personal use only - not for reprowjig% Qure tr nsm JsA I\ﬁ) 4 RY 2019

For reprints please contact the Publisher.



New ATC 56.L Uﬂtr@aﬁroad band

a-Broadband Perfo
ra-Low Insertion Lc'> :

requency Respons
lent Return Loss
d Ceramic Constr

Applications:

e Optoelectronics / High Speed Data
* Transimpedance Amplifiers

* ROSA / TOSAt

e SONETTtt

e Broadband Test Equipment

* Broadband Microwave
Millimeter-wave

T Receive and Transmit Optical Sub-Assembly
t1 Synchronous Optical Network

Magnitude (dB)

- AMERICAN
ENGINEERS TECHNICAL
SriciC CERAMICS

R . AN /YN GROUP COMPANY

Content is copyright protected and provided for personal use only - not for reproduction or retransmission.
For reprints please contact the Publisher.




10MHz{tol67ZGHZ;

56

COVIRONENTS
2

Directional Couplers

Antenna
Beamformers

90°/180° Hybrids

Monopulse
Comparators

MADE IN USA

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

www.etiworld.com

Content is copyright protected and provided for personal use only - not for repro
For reprints please contact the Publisher.

TechnicalFeature

them generates a
false target in the

victim’s radar. The E
jamming radar is | &
time aligned with | 8
the victim radar, | €
i.e., having the |

same chirp slope
and a short off-

s

20
Time (ps)

set. Phase-coded
FMCW radars will
provide high jam-
ming robustness in
this case, and the
use of orthogo-
nal codes will also
make MIMO radar
operation POS- | ()
sible, by enabling

Frequency (MHz)

Time (ps)

multiple simultane-
ous transmit wave-
forms.
The requirements for coding are:
e Code length: The code length
should achieve minimal range
sidelobe levels with short se-
quences. A  pseudo-random-
noise (PRN) sequence length of
1024 results in a peak sidelobe
level (PSLL) of about 30 dB,
i.e., 10elog;(1024). Transmit
codes together with receive fil-
ter weights can be optimized to
improve the PSLL at the expense
of SNR.

A Fig. 5 STFT chirp return with strong interference (a) and
after amplitude-based masking (b).

ficients of the members of a set
should be zero to achieve sepa-
ration between sensors.

* Doppler resistance: Phase-coded
radar performance can suffer
from the Doppler shift. Binary
codes are Doppler intolerant,
while polyphase codes degrade
less rapidly.

* Available number of different
codes: A large family size is bet-
ter to assign a unique code to
each radar sensor.

Figure 7a illustrates a radar

* Good cross-correlation prop-  echo with no phase coding, where
erties: Cross-correlation coef-  the jamming signal appears as a
1k
N
S 750
el / /S /S S S S S/
(]
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A Fig. 6 Jamming due to identical radars with frequency offset and delay.
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The confluence of advances in supporting CTT Power and Driver Amplifiers for SAR
technologies, such as Proee. Frequency Power Levels Up To
as developments in UAVs — coupled with geopolitical X-Band 9.1 -10.0 GHz 100 Watts CW
demands for increased homeland security and greater X-Band 9.0 -10.0 GHz 600 Watts Pulse
intelligence gathering has pushed SAR (synthetic aperture Ko-Band 14.5-15.5GHz 100 Watts CW
radar) into the ISR (intelligence, surveillance and Ko-Band  32-37GHz 10 Watts (W
reconnaissance) spotlight.

SAR’s unique combination of capabilities including % Lightweight /Compact Designs
all-weather, wide-area and high-resolution imaging is % Hermetically Sealed :
unmatched by other technologies. «% Stability & Reliability

This broad application spectrum is reflected in the < Configurational Input &
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A Fig. 7 Radar return without phase
coding, showing false and real targets
(a). Phase coding reduces the false target
by some 20 dB (b).

false target. When the transmitted
FMCW waveform is phase-coded
with a PRN sequence, the jamming
signal is suppressed, as shown in
Figure 7b. The dynamic range is
compromised with this method;
however, the radar signal processor
could use phase-coded FMCW for a
few chirps to flag a false target, then
switch back to normal operation.

FUTURE TRENDS

In congested automobile radar
environments, jamming can be
mitigated using advanced signal
processing algorithms and complex

waveform generation techniques.

STFT-based signal processing can

be used against denial attacks.

Phase-coded FMCW provides an

additional layer of resistance to

both noncoherent and coherent de-
ceptive attacks by using processing
gain and interception avoidance.

Table 1 summarizes these mitiga-

tion techniques. The jamming miti-

gation principles for automotive
radar are also applicable for other
radar sensors: robotics, road tolling,

GPS and UAV landing or collision

avoidance systems.

Currently, automotive radar sen-
sors are operating in a non-coop-
erative mode, i.e., not communi-
cating with each other. Although
a cooperative mode of operation
requires industry-wide harmoniza-
tion, the arbitration between radar
sensors would help resolve interfer-
ence. A future radar concept includ-
ing sensor cooperation is the fusion
of communication nodes and radar
sensors. Future radars with complex
waveforms offer the possibility to in-
clude information in the radar signal,
enabling the same hardware to be
used simultaneously for radar and
communications (RADCOM). Such a
capablllty has the following benefits:

Multi-user capability without in-

terference.

e Coding the radar signal with
OFDM or similar communication
codes enables information to be
contained in the radar signal.

* Simultaneous RADCOM.
5G mmWave transceivers with

multi-GHz bandwidth and beam

steering capabilities are candidates
for use in a RADCOM system.l

TABLE 1
JAMMING MITIGATION FOR FMCW AUTOMOTIVE RADAR

Jamming Type Denial Deceptive
Jammin AT REeey Transponder
9 Sensor or a Simple DRFM (Coherent)
Hardware (Noncoherent)
CW Generator
PRI Lo Poor SNR False Target
Radar
Resilient Mitigation STFT Phase-Coded FMCW
Technique
Mitigation Repair the Radar Froasss i) Gl
Pri ga P Escape Detection of the Coding
rinciple Return Waveform S
equence
Mitigation .
Effectiveness High Moderate Good
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Nonlinear Modeling of a High
Peak Power PIN Limiter

Hetvi Patel, Kevin Kellogg, Hugo Morales and Larry Dunleavy
Modelithics Inc., Tampa, Fla.

Rob Jones and Paul Head
Raytheon, Andover, Mass.

This article describes an innovative approach for accurate nonlinear modeling of a high peak
power limiter circuit. The modeling approach involves “inside out” modeling of the individual
constituent components, which are used to build a composite model. The constituent models
include nonlinear models for discrete PIN diodes and linear models for other components,
including the coaxial package, capacitors and microstrip circuits. The developed 8 to 18 GHz
coaxial limiter model is validated against broadband S-parameter data through 20 GHz and with
large-signal power compression measurements at 8 and 13 GHz. The diode models are also
validated over temperature at 25°C and 100°C.

60

imiter circuits are used extensively in
RF/microwave applications, such as
the front of receiver chains to protect
low noise amplifiers from high-power
levels. The limiter's role is to attenuate the
output power to a defined level when high-
power signals are received and to let signals
pass through the limiter with minimum at-
tenuation when the received power is low."
A limiter typically consists of PIN diodes
and RF inductors in a shunt configuration,
with DC blocking capacitors in series. A
limiter circuit can consist of a single diode
or multiple cascaded diodes separated by
quarter wavelength sections of transmission
line.2 This work describes a model for a MA-
COM broadband, high peak power, PIN di-
ode-based limiter (part number 2690-1011).
To obtain an accurate integrated model

Content is copyright protected and provided for personal use only - not for reprod&w
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of the MACOM 2690-1011 PIN limiter, the
internal discrete diodes, capacitors, induc-
tors, peripherals (i.e., DC feedlines, bond-
wires, microstrip circuits) and SMA con-
nectors were measured and modeled. The
overall model was then validated with small-
signal and large-signal measurements of the
limiter at its coaxial reference planes.

DISCRETE DEVICE MODELS

The most important modeling parame-
ters for PIN diodes used in limiters are the in-
trinsic region thickness, thermal impedance,
forward resistance, off-state capacitance,
breakdown voltage and minority carrier
lifetime. These parameters affect the limit-
ing threshold, power handling, isolation and
insertion loss of the limiter. Intrinsic region
thickness, breakdown voltage and thermal

n.or retransmission.
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impedance are directly related to
maximum power handling. Minor-
ity carrier lifetime determines the
recovery time of the limiter. Forward
resistance and junction capacitance
affect insertion loss and isolation,

nonlinear PIN diode behavior in
both the forward and reverse bias
regions.> For fixturing, bond wires
connected the parts mounted in
series and shunt configurations to
50 Q input and output feed lines on

(see Figure 1).

The IV measurements and
modeling results at 25°C and 100°C
are shown in Figure 2. The model
was fitted to the measured CV
and RF impedance characteristics

respectively.3-4

A nonlinear discrete PIN diode
model was extracted from a set of
measurements that included CV,
IV, RF impedance, time domain,
S-parameter and large-signal power.
The model is based on a Modelithics
in-house PIN modeling framework,
developed and proven to provide
a close fit to broadband linear and

a 6.6 mil Rogers 4350B test board  vs. bias at 1 GHz (see Figure 3).

— — Modeled
O O Measured

A Fig. 2 Modeled and measured DC IV characteristics of a discrete PIN diode internal

to the limiter.

— Modeled
O Measured

A Fig. 1 Discrete PIN diode mounted
in 2-port series (a) and shunt (b)

A Fig. 3 Modeled and measured RF resistance vs. bias (a) and capacitance vs. bias (b) of
configurations.

a discrete PIN diode at 1 GHz and 25°C.
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A Fig. 4 Modeled (solid lines) and measured (symbols) [S,,| of a discrete series diode
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A Fig. 5 Modeled (solid lines) and measured (symbols) |S11| of a discrete shunt diode

vs. bias at 25°C.

Measured and simulated small-
signal S-parameters for a 2-port
series- and 2-port shunt-mounted
diode are shown in Figures 4 and
5, respectively. Although the data
is not shown, the PIN model was
also validated against large-signal
power sweep and time domain
transient response measurements.
As part of the overall modeling
process, a single layer DC blocking
capacitor used inside the limiter
was characterized and modeled to
30 GHz.

LIMITER MODEL

The MACOM 2690-1011 PIN-
based nonlinear limiter is specified
for 8 to 18 GHz applications and has
2.3 dB insertion loss and 2:1 VSWR,
with 1000 W peak power handling
(3 W average) and 1000 ns recovery
time. The limiter was characterized
and modeled using the discrete di-
ode and capacitor models as primary
building blocks. Bond wires and ca-
pacitors in the discrete component
assembly were modeled using Ansys

HFSS 3D electromagnetic simula-
tions. These EM models were used
to predict the bond wire and capaci-
tor effects in the limiter.

Multiple samples of the complete
coaxial limiter with connectors were
characterized with S-parameter and
CW power compression measure-
ments. A 3.5 mm short-open-load-
through (SOLT) calibration was
performed prior to measuring S-pa-
rameters from 0.05 to 18 GHz. The
measurement and model reference
planes were set at the outside edge
of the PIN limiter SMA connector, as
shown in Figure 6.

The model tracks the measured
S-parameters (see Figure 7), with
the modeled performance and
measurement showing a maximum
insertion loss of 2.3 dB from 1 to
18 GHz, which is consistent with
MACOM’s specifications. For large-
signal model validation, with the
limiter in a series configuration,
power testing was performed at 8
and 13 GHz, with input power levels
from —20 to 37 dBm and a tempera-
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A Fig. 6 MACOM 2690-1011 PIN limiter.
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ture of 25°C. The large-signal trans-
mission compares closely with the
nonlinear model at 8 GHz (see Fig-
ure 8). Figure 9 shows the 13 GHz
results, validating the high-power
limiter model up to 60 dBm input
power. The limiter's performance
over temperature reflects the dis-
crete diode’s characteristics versus
temperature. While the complete
limiter circuit has not yet been vali-
dated over temperature, the trend

predicted by the model is shown in
Figure 10.

SUMMARY

PIN limiters are widely used in
amplifier receiver chains in the RF/
microwave industry. The availability
of accurate nonlinear models with
advanced simulation features im-
proves the efficiency and cost ef-
fectiveness of designing at both the
circuit and system levels. Accurate
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A Fig. 10 Modeled |S,,| (a) and output
power (b) of the MACOM PIN limiter
over temperature, with an input power
of 20 dBm.

nonlinear models of PIN limiters
may be generated using an inside
out approach, characterizing, mod-
eling and validating the individual
components.ll
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Chip Antenna-Antenna Tuner
Combo Cover LTE Bands
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Fractus Antennas, Barcelona, Spain

Jaume Anguera

Fractus Antennas, Barcelona, Spain
Universitat Ramon Llull, Barcelona, Spain

Cor Schepens and Robert Gaddi
Cavendish Kinetics, Hertogenbosch, The Netherlands

ith the large number of LTE
bands, wireless devices re-
quire many sophisticated
multiband  antenna  de-
signs.’12 One of the biggest challenges with
4G—compared to 2G and 3G, which used
only 824 to 960 and 1710 to 2170 MHz—is
the large operating bandwidth: 698 to 960
and 1710 to 2690 MHz. The lower frequen-
cies of the low frequency region, especially
from 698 to 960 MHz, exacerbate the chal-
lenge, since the antennas must be small
compared to the operating wavelength.
This article shows how combining a
small antenna booster from Fractus Anten-
nas—=86.4 mm3—with a small antenna tun-
er from Cavendish Kinetics—just 2 mm?2 in
area—yields an antenna system that covers
the LTE frequency bands within the 698 to
2690 MHz frequency range.

BOOSTERS + TUNERS
Virtual Antenna™ technol-
ogy'3-18 relies on very small
antenna elements, called an-
tenna boosters, which makes it
a good approach to satisfying
the bandwidth requirements
of LTE. Using a matching net-
work, the bands of operation

A Fig. 1 Antenna booster, measuring
12 mm X 3 mm X 2.4 mm, mounted on a
corner of a smartphone PCB.

70

are not adjusted by designing
a complex antenna geometry,
only a proper matching net-
work, which is faster and more
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cost effective. The same antenna booster
can operate with different platform sizes,
since only the matching network changes
from one design to another.’8 This is a dif-
ferent approach than conventional antenna
design, where the antenna geometry has to
be designed case by case. Besides being
small, antenna boosters are surface-mount
components, simplifying their integration in
wireless devices (see Figure 1).

Antenna tuners are precise, low loss, vari-
able capacitors that tolerate high RF voltag-
es, making them ideal for tunable antennas,
dynamic load adjustments, tunable filters
and analog RF applications that require high
voltage operation. The Cavendish Kinet-
ics antenna tuners use patented RF MEMS
technology, which eliminates the high inser-
tion loss and RF voltage handling limitations
of traditional silicon on insulator (SOI) or
GaAs devices in the RF front-end.

A design combining the Fractus Anten-
nas antenna booster with a Cavendish Ki-
netics antenna tuner supports all the com-
munication frequency bands within the 698
to 2690 MHz frequency range.'?-20 The main
benefit of such a booster-tuner combination:
the wireless device can dynamically optimize
the performance over a specific bandwidth
within the entire frequency range, providing
the maximum radiation for the platform to
support every coverage and user operation
scenario.

Cavendish Kinetics' RF MEMS technology

n.Qr retransmission.
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TABLE 1

32CK301R ANTENNA TUNER CHARACTERISTICS
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A Fig. 2 Antenna tuner block diagram
(a) and photo (b), showing the tuner’s
1.4 mm x 1.4 mm size.

and manufacturing process produce
devices with accuracy and reliabil-
ity, maintaining full specification
compliance even after 100 billion
cycles.2122 The 32CK301R Smar-
Tune™ Antenna Tuner (see Table 1)
was used to demonstrate the design
concept in this article. Products with
wider capacitor range are available,
and the Cavendish Kinetics’ family
of tuners offers various capacitance
ranges between 0.4 and 3 pF. All
SmarTune antenna tuners are con-
trolled through a MIPI RFFE interface
(see Figure 2), with the tuner’s func-
tions self-contained and managed
by the logic in the controller.

RECONFIGURABLE MATCHING
NETWORK

Referring to Figure 3, the pro-
posed reconfigurable matching net-
work comprises the MEMS shunt
tunable capacitor (Z,) and seven
lumped capacitors and inductors
(see Table 2). In this design, all the
passive components, from Murata,
are SMD 0402 type and high Q with
tight tolerances. The tunable capaci-
tor has 32 states, digitally controlled,
with each state corresponding to a
capacitor value ranging from 0.4 to
1 pF. In this design, the values and
states are 0.40 (S00), 0.44 (S02), 0.55
(S08) and 0.92 pF (S27).

The impedance of the antenna
booster without the matching net-
work is very poor, in particular at
the low end, from 698 to 960 MHz,
where the |S4| is worse than —1
dB.17 However, with the multiband
matching network, the performance
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can easily be adjusted without
8 s 73 zr Zs changing the antenna geometry.

______ S . The location of the antenna booster
K o ol KO ' | il R il o i . .
S] = 00 ]’—_ LU Gaa U s G NS U ] is important to excite efficient radia-

C C pet tion modes of the ground plane. In

i) p =1 =50 Ohm

n / z | s this design, the corner of the ground
C ( plane was selected.!6-17

! 11 The state of the tunable capaci-

= = = tor is software-controlled via a par-

allel interface connection at the end

A Fig. 3 Reconfigurable matching network. Z, is the variable capacitor from of the ground plane. The interface

Cavendish-Kinetics. connects the evaluation board to a

PC running Cavendish Kinetics' Sky-

Walker software, which is used to

set the impedance tuner to any of
its 32 states.

Since the ground plane is an
important contributor to the radia-
tion, to avoid an undesirable effect
from the interface connection when
measuring antenna performance,
the following procedure was used:
The desired state of the impedance
tuner was selected with the inter-
face connection attached. After the
state was set, the interface connec-
tion was removed, with a battery
on the ground plane providing a
DC voltage to the tuner to maintain
the state. This enabled the antenna

| efficiency and Sy to be measured
PHASE SHIFTERS & without any impact from the inter-
VECTOR MODULATORS SWITCHES face'connection. .
2-18 GHz Bandwidth SPIT to SP128T Figure 4 shows the evaluation

R Lo board, with the battery and 10-pin
DC-26.5 GHz 0 P
Switching Speed 500 nSec - g8 parallel interface connector on the

- ? c Reflective . )
Digital or Analog Models Wit fight-hand side. A UFL cable con-

nects the antenna booster to an
SMA connector mounted on the
edge of the board.

PERFORMANCE RESULTS

For each of the four states of the
antenna tuner, the total efficiency
(M) was measured inside an anecho-
ic chamber with 3D pattern integra-
tion using Satimo Stargate-32 (see

ATTENUATORS Figure 5). Total efficiency includes
: both the radiation efficiency (,) and
Digitally, Voltage & mismatch losses, where n, = n,e(1

Integrate passive, active

Current Controlled _ - |S1119. Revieiwing the measured
cmd CDHTFD' E!E'VICE?S

Phase Invariant data, state S27 covers some of the
Digital Switched Pad Ultra-Broadband LTE low bands, i.e., from 698 to 746
MHz, and state S08 is selected to
cover 746 to 824 MHz.

To assess the effectiveness of an-
tenna tuning, the performance of a

2 Emery Avenue . . .
Randoiph,NJ 07888 USA passive matching network designed
973-361-5700 Fax: 973-361-5722 to cover 698 to 960 and 1710 to
:‘:\”ﬁ‘;’f“ﬁ:;:;ﬁ}“;‘:;:;;aw N 2690 MHz was compared with this
; ) active tuning design (see Table 3).
The table confirms that the passive
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TABLE 2

MATCHING NETWORK DESIGN

(ALL PASSIVE COMPONENTS FROM MURATA)

Circuit Element Value Part Number

Z, 8 nH LQW15AN8NOG80

Z, Antenna Tuner Cav%récéisKg(lﬁr;{etics

Z3 7.3nH LQW15AN7N3G80
Z, 11 nH LQW15ANTTNG80
Zs 0.8 pF GJM1555CTHR80WB01D
Zy 13 nH LQW15AN13NG80

Z; 1.9 pF GJIM1555CTHTRIWBO1
Zg 2.5nH LQW15AN2N5B80D

]
—

Ground Plane

Antenna
Tuner

A Fig. 4 FR4 evaluation board showing the Fractus Antennas
antenna booster, the Cavendish antenna tuner and the
matching network.

network does not cover all the LTE bands. The advan-
tage of antenna tuning is remarkable in the low LTE
bands, i.e., from 699 to 798 MHz. In band 12, the ef-
ficiency of the active solution is 5.4 dB better than the
passive design and 3.6 dB better in bands 13 and 14.
The efficiencies are comparable in the other bands, i.e.,
within 1.4 dB.

CARRIER AGGREGATION

The evaluation board design is suitable for use with
carrier aggregation (CA), where several LTE frequency
bands are used simultaneously to increase the data
rate. Table 4 shows the antenna tuner states recom-
mended for each inter-band CA pair.

CONCLUSION

A small antenna booster of 86.4 mm?3 mounted on a
ground plane measuring 120 mm x 60 mm and a recon-
figurable matching network demonstrated coverage of
the cellular bands from 698 to 960 and 1710 to 2690
MHz. To achieve the highest possible performance, the
reconfigurable matching network was designed using
a MEMS tunable capacitor with passive components.
The measured average total efficiency was above 40
percent, making this design approach feasible for most
wireless and mobile devices.ll
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TABLE 4

ANTENNA TUNING FOR CARRIER AGGREGATION

Configuration Band 1 Band2 Gl Mot 1~ Band 3)
CA_TA_5A 2100 850 S08 59.1-53.7
CA_TA_18A 2100 850 S08 59.1-56.0
CA_TA_19A 2100 850 S08 59.1-54.0
CA_2A_17A 1900 700 S27 63.3-41.8
CA_2A_29A 1900 700 S27 63.3-44.6
CA_3A_5A 1800 850 S00 68.4 - 64.8
CA_3A_7A 1800 2600 S00 68.4-57.2
CA_3A_8A 1800 900 S00 68.4 —-53.7
CA_3A_20A 1800 800 S00 68.4 - 64.1
CA_4A_5A 1700 850 S08 or S02 | 64.4-53.7 (S08) / 58.4 — 61.9 (S02)
CA_4A_TA 1700 2600 S00 56.8-57.2
CA_4AA_12A 1700 700 S27 62.8-41.8
CA_4A_13A 1700 700 S08 64.4-50.4
CA_AA_TT7A 1700 700 S27 62.8-41.8
CA_4A_29A 1700 700 S27 62.8 -44.6
CA_5A_12A 850 700 S27 28.7-41.8
CA_SA_17A 850 700 S27 28.7-41.8
CA_7A_20A 2600 800 S00 57.2-64.1
CA_8A_20A 900 800 S00 53.7 - 64.1
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Using RF Power Meters for PAPR
Analysis and Reduction

Walt Strickler
Wireless Telecom Group, Parsippany, N.J.

RF peak power meters are the instruments of choice—simple and cost-effective—for measuring
amplifier peak-to-average power ratios (PAPR) and assessing the effectiveness of PAPR reduction
techniques.

he ongoing, exponential growth

i in demand for mobile broadband

o 3 services is no secret. To address
3 2 Sum—/\ this demand, enhanced mobile
'Té_. 1]~ ~ ~—~ broadband (eMBB) is one of the corner-
< O — 7\ *%%* stones of the movement to 5G, and higher
:; / N/ data rates are also a driver for improvements

= L to military communications networks. To

0 01 02 03 04 05 06 07 08 09 1.0 meet these needs, engineers are employing

Ul technologies that support high speed data

transmission, mobility and more efficient
use of the available spectrum and network
resources. One of the staples across many

A Fig. 1 The sum of four sinusoidal subcarriers results in an
occasional large peak.

100, - communications systems is the use of or

g N=16 E thogonal frequency division multiplexing

104 256 ] (OFDM), which offers advantages in these

.f';’ E 1024 areas. Applications include 4G (LTE), WLAN

38 102| 1 (IEEE 802.11a/ac/ax/g/n), digital radio, ca-

EE | ble (DAB and DVB-C2), even broadband ac-
%‘-E 10_3: ] cess over copper (ADSL).

828 T E In an OFDM signal, digital data is en-

%-g roal \ coded on multiple frequencies or subcarri-

ag v ers. Each subcarrier is modulated at a low

S g symbol rate with a conventional modula-

10 tion scheme, such as quadrature amplitude

i modulation (QAM) or phase-shift keying,

105 5 - A - ™ = and occupies a sub-band of frequencies. Un-

PARR Thresfold ([d5) like othe( mgdulatiop schemes, such as fre-

quency division multiplexing (FDM), the sub-

A Fig. 2 PAPR vs. number of OFDM subcarriers. bands can overlap to enable higher spectral
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efficiency, because
each sub-band is
orthogonal to the
next. These factors
enable OFDM to
have lower suscep-
tibility to narrow-
band co-channel
interference, inter-
symbol interfer-
ence and fading
caused by multipa-
th propagation.
One of the main
disadvantages of
OFDM is that the
multiple  carriers
can add coher-
ently and produce
high PAPRs (see
Figure 1). With
the  requirement
for higher data
rates, the num-
ber of subcarriers
must increase to
meet the demand,
which will increase
the PAPR. Figure 2
shows the relation-
ship between PAPR
and the number of
subcarriers (N).2

IMPORTANCE OF
PAPR

High  PAPRs
cause a number
of issues for am-
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TABLE 1
COMPARISON OF PAPR REDUCTION TECHNIQUES
PAPR Rec':luction BER Increase Bit Rai‘fe lmplementa‘tion
Technique Reduction Complexity
Clipping (and Filtering) Yes No Low
Companding Yes No Low
Selective Mapping No Yes High
Pagial Transmit No Yes High
equence
Interleaving No Yes High
Tone Injection No No High
Tone Reservation No Yes High
Active Constellation N N High
Shaping °© °
Cons%e?lr:t)i[;ar:nsehiping V3 NS gl
Linear Block Coding No Yes Low
Golay Sequences No Yes High
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Electronic Package Products
¢ Hi Reliability Hermetic Packages:
« Lightweight glass sidewall flatpacks, S0-8, and S0-14 packages
« Surface mount and plug-in packages
« Metal flatpacks, leadless chip carriers (LCC), ceramic quad flatpacks (CQFP)

¢ Hermeticity per MIL-STD-883, Method 1014, Condition A4 (less than 10-° atm cc/sec)

e Plating per MIL-DTL-45204 and QQ-N-290 for standard packages
(unless otherwise specified)

¢ Custom design available

¢ RoHS and DFARS compliant

When it comes to today’s military, aerospace, and medical
applications, the reliability and performance requirements of
electronic components have never been so demanding. By delivering
superior-quality products for over forty five years, it's easy to see why
Mini-Systems is a supplier of choice among design engineers.
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A Fig. 5 CCDF of an input signal vs.
band-limited Gaussian reference.

plifiers. If peak power is not prop-
erly considered, signals enter the
nonlinear operating region of the
amplifier, resulting in distortion and
spectral spreading or regrowth. On
the other hand, lowering the power,
often referred to as input back-off
(IBO), causes the amplifier to op-
erate less efficiently. In Figure 3,
the input signal to the amplifier is
backed off by 6 and 8 dB; backing
the signal off by only 6 dB results in

SPACEK LABS INC.

DELIVERING YOUR MILLIMETER-WAVE
REQUIREMENTS AT EVERY LEVEL

-c.,“‘ ‘ﬁ co MPONENTS Broadband Detectors

o SUBSTSTEMS

Check out our new websi
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Transmitters
Transceivers
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IO 110 GHz
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Transceivers

Ka & W-Band
Cloud Radar

Frequency Extenders

SYSTEMS

10-110 GHz

Frequency Synthesizers
Switching Arrays

Custom Integrated
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higher spectral regrowth than if the
signal is backed off by 8 dB. Spec-
tral regrowth can cause interference
among subcarriers, leading to an
increase in bit error rate (BER); how-
ever, reducing the amplifier output
power lowers the signal-to-noise
ratio (SNR), which can also lead to
an increase in BER. With a goal of
higher data rates, poorer BER is
counterproductive.

Efficiency is important in many
applications. For mobile phones,
the efficiency of its amplifiers drives
battery life. For network operators,
the efficiency of the base station im-
pacts operating expenses. Ampli-
fiers often operate most efficiently
just into saturation. To illustrate this,
an example of the relationship be-
tween input power, output power
and efficiency for a solid-state pow-
er amplifier is shown in Figure 4.

The only way to minimize spec-
tral regrowth and maintain high ef-
fizlciency is to reduce PAPR. As a
result, much research has explored
techniques to lower PAPR in OFDM-
based systems to reduce amplifier
compression while minimizing the
necessary IBO. Rahmatallah and
Mohan? provide an excellent re-
view of the different techniques and
trade-offs, summarized in Table 1.
Clipping with filtering is most com-
monly used in commercial products
because of its simplicity and ease of
implementation.

PAPR is a singular, instantaneous
value and does not provide a com-
plete picture of signal behavior over
time. As a result, many engineers
utilize a complementary cumula-
tive distribution function (CCDF)
to monitor PAPR. When plotted, a
CCDF curve displays the time a sig-
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A Fig. 6 Insufficient video bandwidth
distorts measurement of a pulsed signal.
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A Fig. 7 Unmodulated (a) and modulated (b) pulse power measurement.

MiniRF

Passives with a Passion for Performance

MiniRF is a proven leader in supplying high performance
surface mount RF passive components at competitive
prices for existing and emerging Broadband/CATV and
Wireless Communications Systems.

MiniRF components are used in many of the world’s
largest suppliers of communications products with
nearly a billion units shipped.
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nal spends at or above a given pow-
er level (see Figure 5). For PAPR
reduction investigations, the power
level of interest is the signal’s aver-
age power, so the x-axis designates
how much the peak power exceeds
the average power in dB. The y-axis
indicates the percent of time the
signal spends at or above the dif-
ference in power specified by the
x-axis. The point highlighted on the
plot indicates the signal power ex-
ceeds the average power by at least
7.5 dB for 0.1 percent of the time.
As a reference to compare amplifi-
ers, engineers often plot the CCDF
curve for a Gaussian noise signal. As
the number of subcarriers increases
in an OFDM signal, it approaches a
Gaussian distribution.3 Figure 5 also
shows the CCDF curve for a theoret-
ical Gaussian noise signal. A signal
with a CCDF higher than this refer-
ence is said to have gain expansion,
and a signal with a lower CCDF is
said to be in gain compression.

MEASURING PAPR

An RF peak power meter with a
diode-based sensor (or a USB RF
peak power sensor which combines
the power meter and sensor into
one instrument) is the most widely
used tool to measure peak power.
Many peak power meters provide
CCDEF traces.

It is important to ensure that the
power sensor is appropriate for the
signal being measured. The abil-
ity of a diode sensor to accurately
capture the peak envelope power
requires it to respond at least as
fast as the highest frequency com-
ponent in the modulation envelope.
A common measure to determine
the ability of the sensor to respond
fast enough is video bandwidth.
Sensors use a low impedance load
across the smoothing capacitors, to
discharge them quickly when the RF
amplitude drops. This, in combina-
tion with a very small smoothing
capacitance, permits peak power
sensors to achieve rise times in the
nanosecond range and correspond-
ing video bandwidths of tens or
hundreds of MHz. A rule of thumb
relationship between rise time and
bandwidth is the bandwidth is ap-
proximately 0.35 divided by the
rise time of the detection circuit.
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A Fig. 8 CCDF of unmodulated and OFDM-modulated pulses
vs. theoretical Gaussian signal.

Figure 6 shows a pulsed RF signal, where P(t) is the
instantaneous power and Pe(t) is the envelope power
measured by a power meter. If the power meter has
insufficient video bandwidth, the measured signal
will “round” the corners of the signal and lag during
the rise and fall times, resulting in an errant measure-
ment, as illustrated in the figure.

As one example of peak power meters, the Boon-
ton power measurement portfolio includes two solu-

EXODUS

AOVANCED COMMUNICATIONS
Best in Class RF Amplifier 55PA’s

High Power Solid State Power Amplifiers

Chip & Wire Hybrid Assemblies, Modules & Systems
Broadband, CW, Pulse & Linear Applications :
1MHz to 50GHz, 3KW CW, 10KW Pulse

Medium Power Amplifiers

1MHz to 51GHz, up to 2W P1dB

Low Noise Amplifiers

Exodus Advanced Communications
3674 E. Sunset Road, Suite 100
Las Vegas, Nevada 89120 USA

Email : sales@exoduscomm.com
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A Fig. 9 Amplifier measurement setup.

tions with greater than 100 MHz
video bandwidth: the 4500C with
125 MHz video bandwidth and the
RTP5006 with 195 MHz, roughly 6x
greater than most alternative prod-
ucts. Both models calculate and
plot CCDF curves.

Figure 7 shows an 11 dBm, 10 ps
pulse measured with the RTP5006
real-time peak power sensor. The
RTP5006 provides three power
values with each measurement:
minimum, average and maximum.
Figure 7a shows an unmodulated
pulse where the minimum, average
and maximum power are the same.
Figure 7b shows a pulse modulated
with a 2.5 GHz, 40 MHz bandwidth,
-3 dBm signal generated with a
Noisecom noise source, which ap-
proximates an OFDM signal. This
shows the minimum, average and
maximum power and the envelope
of the modulated signal. The mea-
surements can be gated to analyze
the signal only when the pulse is
on, disregarding transitions and off-
time. The CCDF is calculated and
plotted (see Figure 8). As expected,
the non-modulated signal shows no
appreciable peak power, while the
modulated signal indicates a high

Tel: 1-702-534-6564
Fax : 1-702-441-7016

Sales contacts
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PAPR and closely matches the CCDF
of a theoretical Gaussian signal.
Some engineers may stop at the
measurement of PAPR and calcula-
tion of CCDF at the output of an

Maximum
Average

Minimum

i
"
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amplifier as representing amplifier
performance. Knowing the output
PAPR, they believe they can imple-
ment PAPR reduction techniques or
apply IBO to optimize the amplifier

Maximum
Average
Minimum

I

A Fig. 10 Measured amplifier input (yellow) and output (green) power.

performance. However, just looking
at the output power of the ampli-
fier may be misleading, as the out-
put may already be in compression;
measuring the input signal to the
amplifier for reference is necessary.

Figure 9 shows a test setup for
measuring an amplifier's input and
output signals. The two sensor mea-
surements are synchronized using
a master/slave trigger. Figure 10
shows the input and output signals.
Visually, there are no obvious issues;
however, calculating the CCDFs
shows the input and output PAPRs
do not behave the same (see Figure
11). The output power is clearly com-
pressed as seen in the lower PAPR
measurements, resulting in a shift of
the curve to the lower left relative to
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A Fig. 11 CCDF of amplifier input (yellow) vs. output (green)
power shows significant compression, with a Gaussian signal

shown for reference.

A Fig. 12 Reducing the noise source power reduces amplifier
compression, confirmed by the improved alignment of the

amplifier input (yellow) and output (green) CCDF curves.

Compressed Signal

(—2.5 dBm Input Power)

Channel 1

TABLE 2
AMPLIFIER MEASUREMENTS

Channel 2

Delta
Channel 2-Channel 1

PAPR

9.25 5.40

-3.85

Average Power (dBm)

=258 10.83

13.36

Non-Compressed Signal Delta
(—12.7 dBm Input Power) Channel 1 Channel 2 Channel 2-Channel 1
PAPR 7.98 7.98 0.00
Average Power (dBm) -12.73 1.79 14.52
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the input channel. By reducing the
output power of the noise source
and increasing the IBO, the PAPRs
align (see Figure 12). This confirms
that the amplifier was compress-
ing the signal at the original input
power level. Without measuring the
input signal PAPR, this would not be
apparent. A summary of the ampli-
fier measurements in Table 2 shows
with an input power level of —=12.7
dBm, the output is not compressed.

At an input level of —2.5 dBm, the
compression is nearly 4 dB.

OFDM-based systems often use
QAM to modulate the subcarriers,
and QAM s very sensitive to am-
plitude distortion. As the order of
QAM increases to support higher
data rates, that sensitivity increas-
es. Relying only on average output
power measurements, the observed
compression would significantly un-
derstate the issue.

Powerful Payload &
RF Link Emulator

Link emulation: Delay, Doppler, AWGN, Phase shift
Real time control for Arial Vehicle (UAV) testing
Payload: MUX, Compression, Phase noise, Group delay

Multipath: 12 paths per channel
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IMPORTANCE OF MODULATED
SIGNAL MEASUREMENT

In some cases, engineers char-
acterize amplifiers without modu-
lation because signal sources with
modulation—especially at the high-
er frequencies, such as the bands
targeted for 5G—can be very ex-
pensive. However, with Gaussian
noise removed and the input signal
returned to its original value, com-
pression is not observed. This high-
lights the importance of using mod-
ulated signals and peak RF power
meters for characterizing amplifier
performance, especially when eval-
uating PAPR reduction techniques.
To avoid the cost of modulated sig-
nal sources, noise sources provide a
much more cost-effective modula-
tion source that closely models high
subcarrier OFDM signals. Once the
amplifier has been characterized
with a Gaussian noise source, engi-
neers can implement PAPR reduc-
tion techniques, comparing the re-
sults with an RF peak power meter.

SUMMARY

The increasing demand for infor-
mation has led to increasingly com-
plex data modulation to support high
data rates and spectral efficiency.
One of the most widely used tech-
nologies is OFDM; however, it has
the disadvantage of having a high
PAPR, which can challenge compo-
nent performance. This leads many
engineers to investigate techniques
to reduce PAPR. RF peak power me-
ters and noise sources are the instru-
ments of choice for measuring the
effectiveness of these techniques in
a simple, cost-effective manner M
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Simulation for
Tomorrow’s
. Industrial Design
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Dassault Systemes SIMULIA

www.3ds.com

oday’s engineers are working on

smart products that are competi-

tive, high performance and energy
efficient. Instead of siloed simula-
tion tools for highly specialized applications,
these products need agile, versatile design
software that integrates a variety of functions,
crossing disciplines and fields of physics.
CST Studio Suite is a leading electromag-
netic (EM) simulation package for design,
analysis and optimization. The 2019 release in-
troduces several new features to improve col-
laborative design across teams, including en-
crypted data sharing, improved import tools
and EM simulation on the 3DEXPERIENCE
platform. CST Studio Suite 2019 continues the
constant optimization of the solvers for the lat-

A Fig. 1 Antenna design (top) and its encrypted black box est hardware and the integration of different

representation (bottom), showing how design elements are solver methods into the hybrid solver.

hidden. ’
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Rogers’ Laminates: Paving the way
for tomorrow’s Autonomous Vehicles

Autonomous “self-driving” vehicles are heading our way guided by a variety
of sensors, such as short and long range radar, LIDAR, ultrasound and camera.
Vehicles will be connected by vehicle-to-everything (V2X) technology. The
electronic systems in autonomous vehicles will have high-performance

RF antennas. Both radar and RF communication antennas will
depend on performance possible with circuit materials from
Rogers Corporation.

High-performance circuit laminates, such as RO3000® and RO4000° series
materials, are already well established for radar antennas in automotive
collision-avoidance radar systems at 24 and 77 GHz. To further enable
autonomous driving, higher performance GPS/GNSS and V2X antennas
will be needed, which can benefit from the cost-effective high
performance of Kappa™ 438 and RO4000 series materials. .
These antennas and circuits will count on the consistent
quality and high performance of circuit materials

from Rogers.

Material Features
RADAR
RO3003™ Lowest insertion loss and most stable
Laminates electrical properties for 77 GHz antennas
Camera

RO4830™ Cost-effective performance
Laminates for 77 GHz antennas

V2X Antenna
RO4835™ Stable RF performance for
Laminates multi-layer 24 GHz antennas

RO4000 Series Low loss, FR-4 processable and
Circuit Materials | UL 94 V-0 rated materials

Kappa™ 438

Laminates Higher performance alternative to FR-4

To learn more visit: LIDAR
www.rogerscorp.com/autonomousdriving
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ON 3DEXPERIENCE

Since CST was acquired by Das-
sault Systemes in 2016, intensive
development has increased the in-
tegration between CST Studio Suite
and the other design and multiphys-
ics simulation tools Dassault Sys-
temes offers. One major part of this
process is the introduction of CST
Studio Suite to the 3DEXPERIENCE
platform.

The 3DEXPERIENCE platform is
a business experience platform that
offers Dassault Systemes’ portfolio
of software solutions in one collab-
orative environment. With 3DEX-
PERIENCE integration, CST Stu-
dio Suite can be launched directly
from the platform, using CAD data
from tools such as SolidWorks and
CATIA, already available on the
platform, and the simulation results

Feature FSL-2740 FSL-5067 FSL-7682
Eﬁ"zq”ency 271040  50t067 761082
guitching 100 100 100
Phase Noise -108 dBc/Hz -105 dBc/Hz -103 dBc/Hz
at 100 kiz atd0GHz at67GHz at82 GHz
OLE ) +17 +17 +10
Quiput  soomm  185mm  WRI2
96

QuickSyn Synthesizers
Now Extended to mmW

Low Phase Noise and Fast Switching
With USB/SPI Control

We've extended our popular QuickSyn Lite frequency synthesizers to three
commonly used mmW bands—27t040 GHz, 50t067 GHz, and 76t082 GHz
for high-speed short-range data links, WirelessHD, IEEE 802.11ad, digital
radios, automotive radars, etc. QuickSyn mmWW frequency synthesizer
modules are ideal for demanding application environments like field trials
and embedded systems where bulky benchtop solutions were the only choice.

-

50
+ \\\ — 40 GHz
= T — 67 GHz
% - 82 GHz
90 \\k T
s NS
@110
o N
w130
2 1N
z

0%k 0k o0k 1M 1M 1o0M

OFFSET FREQUENCY (Hz) —»—

ni-microwavecomponents.com/quicksyn

877 474 2736
‘7 NATIONAL
’ INSTRUMENTS

©2015 National Instruments. All rights reserved. National Instruments, NI, and ni.com are trademarks of National Instruments.
Other product and company names listed are trademarks or trade names of their respective companies.

can be viewed and shared with oth-
ers on the platform.

MESH IMPORT

In the 2019 version, an impor-
tant feature for the automotive
industry is the ability to import
noise, vibration and harshness
(NVH) meshes for the time do-
main, integral equation and as-
ymptotic solvers. As CAD models
for vehicles are typically complex,
the manufacturers usually prepare
a reduced model with a ready-to-
be-simulated surface mesh. The
connectivity between the body
panels is essential for an EM simu-
lation, and this information can be
included within NVH meshes, cut-
ting the time to prepare a simula-
tion model and reducing the po-
tential for errors due to incorrect
connectivity. The mesh can be im-
ported using SIMULIA Abaqus and
NASTRAN formats.

HYBRID SIMULATION

Each EM solver method has its
strengths and weaknesses: some
are broadband, while others are
better suited to very resonant ap-
plications; some can model electri-
cally large structures very efficient-
ly, while others offer very accurate
simulations of very small, complex
geometries. Yet a system will of-
ten include resonant and broad-
band components with both fine
details and electrically large parts.
For these applications, combining
multiple solver methods with a hy-
brid simulation can significantly cut
simulation time.

With CST Studio Suite 2019,
all the general purpose high fre-
quency methods are supported in
hybrid simulation: the time domain
solver (T solver), the frequency
domain solver (F solver), the in-
tegral equation solver (I solver),
the transmission line matrix (TLM)
solver and the asymptotic solver (A
solver). This allows, for example, a
detailed simulation of an antenna
with the time domain solver to be
combined with a simulation of the
antenna’s installed performance on
an aircraft body using the asymp-
totic solver.
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ENCRYPTED MODEL SUPPORT

System equipment manufactur-
ers often require simulation models
from their suppliers that can be in-
cluded in their system integration
simulations for validation and cer-
tification. These models can reveal
confidential design information, so
sharing them outside the company
represents a potential intellectual
property risk. To mitigate this risk,
CST Studio Suite 2019 includes the
ability to produce encrypted black
box simulation models that hide the
details of the components while al-
lowing accurate simulations with the
T solver (see Figure 1).

The protected model appears as
a box with all the inside details hid-
den, including the material proper-
ties and geometry of the ports. The
model data and simulation results
are securely encrypted on the disk.
This model can be imported into
other CST Studio Suite simulation
projects and used by third parties
in simulation without revealing what
the component looks like.

NEXT-GENERATION PBA

Perfect Boundary Approximation
(PBA)® is a proprietary conformal
meshing technique allowing curved
surfaces to be accurately meshed
and simulated in a hexahedral
mesh, without staircase elements.
CST Studio Suite 2019 sees the offi-
cial release of next-generation PBA.
This meshing engine can handle
even more complex CAD models
than before, while reducing the
number of mesh cells required for
an accurate simulation. This increas-
es both the robustness and speed
of the time domain solver.

HUMAN VOXEL POSER

Voxel models encode structure
information in 3D using small cubic
elements. They are widely used for
detailed models of the human body
for medical device design and ex-
posure analysis. These models are
usually supplied standing or lying;
however, in scenarios for electronic
devices, they may need to be in a
variety of realistic poses (see Figure
2). A standalone CST tool for posing
voxel models has been available for
several years; with CST Studio Suite
2019, it is integrated directly into

ProductFeature
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MILLIMETER
SOLVING TOMORROW’S 5G CHALLENGES TODAY

NORDEN CONTINUES TO EXPAND ITS LINE
OF MILLIMETER WAVE PRODUCTS
COVERING 5G BANDS

LNA: DOWN CONVERTERS:
18-44GHz 24-44 GHZ

FREQUENCY
MULTIPLIERS:
x2, x4, x8

Wideband Custom Modules Incorporating:
* Frequency Conversion

« Switching Networks

+ High Rejection Filters

+ Compact Size

1SO 9001:2015

Applications:

¢ Production Test Modules

* Frequency Extenders

» Spectrum and Signal Analysis
¢ Infrastructure

(530) 642-9123 EXT 1#

SALES@NORDENGROUP.COM

Content is Cﬁpﬁﬁﬂ% %(itgected and provided for personal use only - not for reproduction or retransmission.

€
MW]JOURNAL.COM m

For reprints please contact the Publisher.




L =
Space and MiI-anl'if_ied Components*® _ ¢

Search No Further. Weinschel
Associates (WA) delivers solutions
for your toughest requirements -
on-time and in compliance. Look to
WA to launch your next program
with Space and MIL-Qualified RF
and Microwave Components.

=~
&

L
L]

* Attenuators

+ Terminations

* Dividers

* Tuners

* High Performance Designs

* Power Handling to Design Specifications 6
* Frequency Range: DC to 40 GHz ’

Visit our new website with interactive catalog and online RFQ!

www.WeinhschelAssociates.com

19212 Orbit Drive
Gaithersburg, MD 20879
Voice: 301.963.4630

Fax: 301.963.8640
RF@WeinschelAssociates.com

WEINSCHEL
ASSOCIATES
BROADBAND RF
MICROWAVE
SOLUTIONS

98

&__  Since 2004
LB Santa Rosa, CA
707-546-1050
LadyBug-Tech.com

Thermally Stable Power Sensors

* Fast, Accurate, Traceable

* General Purpose & ATE Applications

* U2000 Compatible & SCPI Commands
* |In Stock for Immediate Shipment

NEW! 86 dB

Dynamic Range

ProductFeature

the 3D modeling interface. Human
models can be imported into the
simulation environment and posed
to fit the system, whether raising the
model’s hand to its head to hold a
phone or bending the entire body
to sit in a car seat.

HIGH PERFORMANCE
COMPUTING

Support for high performance
computing (HPC) options such as
GPU acceleration, distributed com-
puting and MPI cluster computing
allows users to perform extremely
complex simulations, even when
these involve large and detailed
models, large numbers of ports
or sweeps and optimizations over
numerous parameter values. The
2019 version of CST Studio Suite
expands the HPC offering in several
ways. For hardware acceleration,
CST Studio Suite 2019 supports the
latest Nvidia accelerator cards, the
Quadro GV100 and the Tesla V100,
which can offer unprecedented per-
formance on servers and worksta-
tions. The distributed computing
controller has been optimized to im-
prove the speed needed to process
results. CST Studio Suite is also now
available on an increasing number
of cloud computing platforms, with
specialist solutions such as Nimbix
and UberCloud, as well as the pub-
lic cloud providers AWS, Azure and
Google Cloud Platform.

SUMMARY

The 2019 release of CST Studio
Suite offers its most versatile EM
simulation offering, helping engi-
neers working on complex products
meet their goals, optimize perfor-
mance and cut development time
and cost. It marks a significant step
toward full multiphysics simulation
on the 3DEXPERIENCE platform,
allowing EM simulation to become
a standard part of many industry
workflows.

Dassault Systemes SIMULIA
www.3ds.com
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OCXO0s Reduce

Power Consumption,
/ Maintain Stability

Syrlinks

Cesson-Sévigné, France

ield-programmable  gate  arrays
(FPGA) are used in many RF applica-
tions for their parallel and fast digital
data processing. In many such sys-
tems, a common frequency reference is used

for the components doing the
digital sampling (i.e., the ana-
log-to-digital converters) and
the FPGA processing (see Fig-
ure 1). For high performance
RF designs, the question be-

comes the choice of the local
’\/\/\/\/ oscillator (LO): Which type of
LO to choose? Which frequen-

A Fig. 1 A common LO is often used

cy? The frequency stability,

for data conversion in the radio and data short and medium-term and

processing in the FPGA.

the thermal sensitivity of the

frequency? These questions

are common and consistent

10‘ Rubidium Atomic Clock

for all radio system designs.

1

0.1

Multiple technical demands
constrain the LO, particularly

0.01

for battery-powered systems

‘ where a precise power budget
TCXO

must also be met without sac-

0.001

Power Consumption (W)

o

0001

rificing performance.
MEMS

IE-12

Frequency Stability Over the
Temperature Range

OSCILLATOR
TECHNOLOGIES

Several oscillator technolo-

IE-6 IE-4

A Fig. 2 Typical power consumption vs.
frequency stability for various oscillator

types.
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gy choices are available, each
with performance and price
trade-offs (see Figure 2). Most

consumer electronics products use basic
oscillators costing just a few cents or euros,
such as MEMS crystal oscillators or, in some
cases, temperature compensated crystal os-
cillators (TCXO). For RF systems requiring
high frequency stability and low temperature
sensitivity, oven controlled crystal oscillators
(OCXO) provide the highest frequency sta-
bility from among the various crystal oscil-
lator technologies. They are typically 1000
to 10,000x more stable than an entry-level
crystal oscillator.

OCXOs are complex, hybrid components
that require significant know-how to de-
velop. The frequency stability performance
of an OCXO is driven by a simple physical
principle: to maintain the quartz resonator at
a precise temperature, regardless of the am-
bient temperature. Any quartz resonator’s
frequency drifts strongly with temperature.
For example, the frequency of a 10 MHz
oscillator drifts #250 to +500 Hz between
—40°C and +85°C. Maintaining the quartz at
a precise temperature, an OCXO will reduce
this drift to the range of +0.05 to *2.5 Hz,
depending on the OCXO.

LOWERING OCXO POWER
CONSUMPTION

Power consumption is the main disad-
vantage of OCXOs compared to TCXOs.
To counter this, Syrlinks has developed a
range of OCXOs with extremely low power
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» Fig. 3 The EWOS
OCXO family reduces
power consumption

250 ppb

while maintaining
frequency stability.

Other Vendors

100 ppb

Frequency Stability

20 ppb

L

150 mW 1w

2W
Power Consumption

Microwave Multi-Octave

nll‘ﬂﬂllllllal counlers

SMA and Type N connectors available to 18 GHz.
* Coupling Value: 3, 6, 8, 10, 13, 16, 20 dB.

MICROWAVE CORPORATION

10 to 500 watts power handling depending on coupling and model number.

© WWWw. pulsarmlcrowave com

Frequency I.L.(dB) Coupling Directivity VSWR Model
Range min. Flatness max. (dB) min. max. Number
0.5-2.0 GHz 0.35 +0.75dB 23 1.20:1 CS*-02
1.0-4.0 GHz 0.35 +0.75dB 23 1.20:1 CS*-04
0.5-6.0 GHz 1.00 +0.80 dB 15 1.50:1 CS10-24
2.0-8.0 GHz 0.35 +0.40 dB 20 1.25:1 CS*-09
0.5-12.0 GHz 1.00 +0.80 dB 15 1.50:1 CS*-19
1.0-18.0 GHz 0.90 +0.50 dB 15 12 1.50:1 CS*-18
2.0-18.0 GHz 0.80 +0.50 dB 15 12 1.50:1 CS*-15
4.0-18.0 GHz 0.60 +0.50 dB 15 12 1.40:1 CS*-16
8.0-20.0 GHz 1.00 +0.80 dB 12 1.50:1 CS*-21
6.0-26.5 GHz 0.70 +0.80 dB 13 1.55:1 CS20-50
1.0-40.0 GHz 1.60 +1.50 dB 10 1.80:1 CS20-53
2.0-40.0 GHz 1.60 +1.00 dB 10 1.80:1 CS20-52
6.0-40.0 GHz 1.20 +1.00dB 10 1.70:1 CS10-51
6.0-50.0 GHz 1.60 +1.00 dB 10 2.00:1 CS20-54
6.0-60.0 GHz 1.80 +1.00 dB 07 2.50:1 CS20-55

48 Industrial West, Clifton, NJ 07012 | Tel: 973-779-6262 - Fax: 973-779-2727 | sal
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consumption, mass and volume.
These designs were optimized for
the space radios developed by
Syrlinks for small satellites, where lit-
tle power is available. The EWOS™
OCXO family covers the frequen-
cies between 10 and 40 MHz, with
thermal sensitivities between £5 to
+250 ppb and power consumption
between 65 and 400 mW at 25°C.
These power levels are extremely
low, about 10x lower than competi-
tive, commercial OCXOs (see Fig-
ure 3).

As well as being used in the
space radios developed by Syrlinks,
the EWOS OCXO products have
been designed in other space ap-
plications, such as global naviga-
tion satellite system (GNSS) space
receivers, where the combination of
the FPGA and OCXO is ideal. For
example, the EWOS0525 10 MHz
OCXO is used in the GNSS receiver
G-Sphere-S, where it is simultane-
ously clocking the RF digitization
stage and the FPGAs. It demon-
strated global position precision
less than 10 m at high velocity (7700
m/s). This remarkable performance
was achieved because of the very
low phase noise of the OCXO, par-
ticularly close-in to the carrier fre-
quency. For precise positioning or
precise ranging functions, where
position or distance are computed
in less than a microsecond, OCXOs
are always preferred. The perfor-
mance and precision of positioning
or distance measurements is direct-
ly linked to the short-term stability
of the LO, making OCXOs preferred
over TCXO. OCXOs provide better
results for the designer.

The EWQOS83x family relies on
SC-cut quartz resonators with a
higher quality factor (Q-factor),
which yields better phase noise and
long-term frequency drift. Long-
term drift is crucial for applications
requiring precise time keeping
when GNSS time is unavailable,
such as underwater or other areas
denied GNSS access. The quality of
synchronization and time keeping
depend exclusively on the intrinsic
performance of the OCXO to keep
accurate time. The EWOS083x pro-
vides aging of 0.3 ppb/day. The
EWOS0835 is specified for under-
water applications and has one of
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the lowest power consumption in
the world: 80 mW at 25°C. For some
applications, it is a low-cost alterna-
tive to chip-scale atomic clocks. Fig-
ure 4 shows the family of Syrlinks
EWOS OCXO products.

NEW CLOCKS, TIMING
MODULES

For the ultimate performance,
Syrlinks innovates in the time-fre-
quency domain with breakthrough
MEMS-based  miniature  atomic
clocks (MMAC™). Applying MEMS
technology improves medium-
and long-term stability by 100x
compared to OCXOs, while keep-
ing power consumption very low
(< 200 mW at —40°C). For frequen-
cy synthesis applications between 8
and 50 GHz, Syrlinks is developing
a new generation, 100 MHz OCXO
adapted to embedded radio sys-
tems; this OCXO's phase noise floor
is =175 dBc/Hz.

For designers looking for syn-
chronization solutions, Syrlinks has
developed a range of timing mod-
ules (see Figure 5) synchronized to
a GNSS signal (e.g., Galileo, GPS) or
an external reference (PPS_in). Em-
bedded algorithms lock the phase
and frequency of the OCXO, can-
celing drifts (i.e., thermal, aging,
power supply, etc.). When GNSS

Iy

& [Ewos25 EwOS 5500

s 250f—*@ ©

i

4 200

2 150

2 1901 g Ewos 25 HP

@ 50

g il EWOS 830
$ % EWOS 831¢|
s

L L
100 200 300 400
Power Consumption (mW @ 25°C)

A Fig. 4 EWOS OCXO family frequency
stability vs. power consumption.

A Fig. 5 Syrlinks timing module with
GNSS synchronization.
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time is not available (e.g., under-
water), the SGTM keeps time and
provides a precise PPS signal to the
embedded system. The jitter be-
tween PPS_in and PPS_out is typi-
cally 12 ns, and the time holdover
accuracy is £35 ps per 24 hours,
benefiting from advanced OCXO
compensation.

An announcement exclusive to
Microwave Journal: In the coming
months Syrlinks will release a new

ProductfFeature

100 MHz OCXO for X- and S-Band
low noise frequency synthesizers.
This new EWOS will have extremely
low phase noise close to the car-
rier (-130 dBc/Hz at 100 Hz offset),
while keeping the power budget
below 400 mW at 25°C.

Syrlinks
Cesson-Sévigné, France
www.syrlinks.com
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asternack has expanded its

line of 50 Q coaxial probes

to 40 GHz, extending the

capability to measure mi-
crowave components and signal
integrity in high speed communica-
tions and networking equipment.
With this frequency extension,
Pasternack adds four models to its
line of coaxial RF probes, provid-
ing ground-signal (GS) and ground-
signal-ground (GSG) configurations
(two models each), with 800 or
1500 pm pitch (two models each).
All have a 2.92 mm coaxial interface

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

Sponsored By A4 ACOM.

Multiband Cellular Coverage
with a Small Chip Antenna
and an Antenna Tuner

Nonlinear Modeling of a
High Peak Power PIN Limiter
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40 GHz RF Probes for
RF and Signal Integrity

Testing

and have less than 0.5 dB insertion
loss and better than 10 dB return
loss—typically 20 dB—over the
broad range from DC to 40 GHz.
Gold plated, the probes have
compliant pogo pin contacts, en-
abling a wide range of probing
angles. They can be used manu-
ally with a coaxial cable assembly or
with Pasternack’s probe positioner.
A pair of coaxial GSG probes can
be used with delay matched cable
assemblies to perform high speed
differential measurements. The 40
GHz probes support a wide range

Partners from RF to Light

& ) - Jc";‘n‘ in?‘:“i‘ii\

api <>~

technologies corp.

of measurement needs: signal in-
tegrity, MMIC evaluation, Gigabit
SERDES, 28 Gbps data channels,
substrate characterization, coplanar
waveguide circuits and test fixture
applications.

Pasternack’s new 40 GHz coaxial
RF probes are in stock, ready for im-
mediate shipment with no minimum
order quantity.

JVENDORVIEW

Pasternack
Irvine, Calif.
www.pasternack.com
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Frequency Matters.

Breakthroughs in
Software-Defined Antennas
for Critical IoT Apps

Automotive Radar Sensors and
Congested Radio Spectrum:
An Urban Electronic Battlefield?
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xceed Microwave's ISO-
W-4600-800-187 is a wave-

guide isolator with a pass-

band covering 4.2 to 5 GHz,
achieving insertion loss less than
0.1 dB and return loss and isolation
better than 23 dB. The passband
of the ISO-W-4600-800-187 covers
the n79 5G frequency band (4.4 to
5 GHz), as well as the 4.2 to 4.4 GHz
aeronautical radionavigation band.
The low insertion loss makes
the isolator well suited for protect-
ing power amplifiers from reflective
loads. The isolator can handle pow-
er levels as high as 50 kW peak, 2
kW CW and is specified to operate
from —20°C to +75°C. To achieve
such low loss, the isolatoris a WR187

< IEEE

Advancing Technology
for Humanity

4.2 to 5 GHz Isolator with
< 0.1 dB Insertion Loss

waveguide design fabricated with
aluminum 6061-Té and silver plated
for high electrical conductivity. The
size of the unitis 5.1 in. x 6.25 in. x
2.5in., and it weighs 1 kg.

Exceed Microwave is developing
low insertion loss, waveguide circu-
lators and isolators to WR28 (26.5
to 40 GHz), all designed, assem-
bled and tested at the company’s
facility in Torrance, Calif. Exceed
Microwave also designs and manu-
factures other custom, high per
formance passive waveguide and
coaxial components for defense,
space and commercial applica-
tions. Waveguide products include
the WZ series low loss filters, WC
series compact filters, notch filters

CALL FOR PAPERS

2019 IEEE International Symposium on
Phased Array Systems and Technology

with broad passbands and phase
equalizers. Exceed’s coaxial prod-
ucts include lowpass, bandpass and
notch filters and electro-mechanical
switches to 40 GHz, with existing
designs encompassing SPST and
DPDT to SP12T.

Exceed Microwave's engineers
work directly with customers, pro-
viding immediate response to find
the optimum solution and striving
to always provide the highest per-
forming components. The company
is AS9100 certified.

(!)VEN DORVIEW

Exceed Microwave

Torrance, Calif.
www.exceedmicrowave.com

Revolutionary Developments in Phased Arrays

About the Symposium
Phased array systems continue to be
a rapidly evolving technology with
steady advances motivated by the
challenges presented to modern

technology and provide a unique
opportunity for members of the
international community to interact with
colleagues in the field of Phased Array
Systems and Technology.

streamlined - plan accordingly.
> 15 March 2019
Full paper submission deadline
> 30 April 2019

>1Sept. 2019
Conference registration deadline for
accepted authors

Author notification of paper acceptance

Sessions

- Array Design

- Array Measurements

” . o ) i Beamforming and Calibration
military and commercial applications. & A% .H
This symposium will present the most gy .’;*&"j‘@. - TR Modules
recent advances in phased array ."?5 \ “f@‘ié - Radar Systems

Communications Arrays

Metamaterial Phased Arrays

Signal Processing and Architectures

Millimeterwave and Terahertz

Technical Program Schedule

L General Paper Submission Procedures
Please note: Our submission process and dates have been

All paper submissions will be peer reviewed and must be received in
PDF format via the symposium web site on or before Friday, March
15, 2019. This is a firm deadline. Papers will not be accepted after
this date. Papers must be in IEEE dual-column format and must be
2-pages (minimum) to 8-pages (maximum) in length including fig-
ures. Additional instructions are on the website.
www.array2019.org/call-for-papers

Paper Template and Submission Procedures
Are available at www.array2019.org/call-for-papers

Special Sessions
European Phased Array
Systems and Technology

- Asia-Pacific Phased Array
Systems and Technology

Radio Astronomy and
Geospace Arrays

Dual-Polarization Weather
Radar Arrays

- 5G (5th Generation Wireless)
Phased Arrays

- Wideband Array Apertures

15-18 October 2019 @ Westin Waltham Hotel, Greater Boston, Massachusetts, USA www.array2019.org
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Stuttgart, Germany, 19—21 March 2019

Be part of Europe’s
leading event
on electromagnetic
compatibility!

e-emc.com

More information:
web: e-emc.com

phone: +49 711 61946 63 mesago

email: emv@mesago.com Messe Frankfurt Group
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TechBrief

RFSoC SoM for
SWaP Critical
Environments

o meet the growing demand for deployable

RF system on chip (RFSoC) FPGA solutions,

Pentek introduced the QuartzXM™ Model

6001, a high performance system on module
(SoM) based on the Xilinx Zyng® UltraScale+ RFSoC
FPGA. Integrated in the Zyng FPGA fabric are eight
integrated RF-class analog-to-digital and digital-to-
analog converters with quad ARM Cortex-A53 and dual
ARM Cortex-R5 processors. With these resources, along
with 18 GB of SDRAM, LVDS connections for custom
I/O and gigabit serial communications, both air and
conduction-cooled versions and measuring only 2.5 in.
x 4 in., the QuartzXM Model 6001 includes all of the
circuitry to maximize the performance of the RFSoC in
environments where SWaP are critical.

The QuartzXM 6001 is pre-loaded with a suite of
Pentek IP modules that provide data capture and
processing solutions for many common applications.
Modules include direct memory access (DMA) engines,
a DDR4 memory controller, test signal and metadata
generators, data packing and flow control. IP for digital
RF memory (DFRM), triggered waveform and radar
chirp generation, triggered radar range gate engine,
wideband real-time transient capture, flexible multi-
mode data acquisition and extended decimation are
pre-installed on the board.

The Model 6001 can be housed on the Pentek 3U
VPX model 5950, or it can be deployed on a custom
carrier. When deployed on the 5950, the QuartzXM
can be used out-of-the-box with the built-in functions,
requiring no FPGA development. When the QuartzXM
is deployed on a custom carrier, developers will find
the included IP cores a strong foundation for building
custom applications. Pentek’s complete design kit
shortens the development cycle for customers building
their own carriers.

Pentek
Upper Saddle River, N.J.
www.pentek.com
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CatalogUpdate

Products for Radar, EW and
More

Y)VENDORVIEW

CPl Beverly Microwave Division
(BMD) is the world's largest manufac-
turer of receiver protectors. CPI BMD
designs and manufactures a broad
range of RF and microwave products
for radar, communications, electronic
warfare (EW), medical and scien-
tific applications. Their products are
found in numerous radar systems op-
erated by the U.S. military and militar-
ies around the world. They also manufacture SSPAs, magnetrons,
solid-state switches and integrated microwave assemblies, as well
as TWTs, CFAs and pressure windows. Contact BMDMarketing@
CPll.com for your high-power microwave components upgrades.

CPI Beverly Microwave Division
www.CPIl.com/BMD

Q2 Product Guide

Y)VENDORVIEW S‘g;

Mini-Circuits hag been releasing new NEW PRODUCT
products to their catalog at a record |
pace, with over 250 new models in
the first two quarters of 2018 alone. To
help you stay up-to-date with recent
additions to their catalog and find
the best parts for your needs, this 48
page product guide provides a sur-
vey of their latest releases. Highlights
include MMIC mixers, multipliers, at-
tenuators, couplers and splitters up
to 40 GHz and higher, connectorized
passives up to 65 GHz, over 40 new MMIC die parts, new test &
measurement devices up to 30 GHz and much more.

Mini-Circuits
www.minicircuits.com/WebStore/literature.html

Automotive Solutions
Guide
\T/VEN DORVIEW

Groundbreaking, in-vehicle technolo-
gies and rapidly changing standards
are being adopted at a pace previ-
ously unheard of in the automotive
industry. With Skyworks as your part-
ner, there is no need to worry. Their
innovative portfolio takes seamless ’
connectivity in today’s cars to the [ IEEERErEREErEE=mIEs
next level—making the driving expe-

New Product Catalog

K&L Microwave designs and manu-
factures a full line of RF and micro-
wave filters, duplexers and subas- | | -
semblies, including ceramic, lumped ed
element, cavity, waveguide and tun- o
able filters. K&L supplies many of NEW! —
today’s most significant military and

homeland security electronics pro-

Download

Ké&L Product Catalog

grams. Applications include space flight, radar, communications,
guidance systems and mobile radio base stations, as well as air
traffic communication and control. Visit their website to down-
load the complete catalog or sections of interest.

K&L Microwave

www.klmicrowave.com

New 2019 Product Guide
\T)\/ENDORVIEW

Pasternack, an  industry-leading
manufacturer and supplier of RF,
microwave and mmWave products,
has recently released their 2019 RF
Product Guide. The company’s lat-
est 264 page catalog contains thou-
sands of in-stock products including
RF cable assemblies, RF amplifiers,
an expanded portfolio of waveguide
components, 60 GHz modules and
systems, as well as hundreds of other
active and passive RF components that are all available for same-
day shipping worldwide.

Pasternack
www.pasternack.com

E"f"m?"raducr Guide 2019

"%

SPINNER
1.35 mm - E Connector

New E Connector Brochure

JVENDORVIEW

As the market for mmWave sensors
for self-driving vehicles expands, the
demand for proper RF connections in
testing environments is also growing.
The E Connector is ideal for making
high performance RF measurements
in the E-Band without being held up
by fragile 1.00 mm coaxial connectors
or wasting time reassembling WR 10
waveguides. SPINNER designed the | o e

Thes Fiabaust Procision inurtace te DC w50 GHe

rience increasingly smarter and safer. new 1.35 mm E Connector to close b

By leveraging their leadership and expertise in wireless to de- the gap betwgen the 1.85 mm and

liver cutting edge communication technologies such as 5G NR 1.00 mm coaxial connectors.

for cellular, vehicle-to-vehicle (V2V) communication and 802.11ax SPINNER GmbH

Wi-Fi to new vehicles, Skyworks can help you elevate the driver Www.spinner-group.com

experience.

Skyworks Solutions Inc.

www.skyworksinc.com
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Conference: May 6-9, 2019 | Exhibition: May 6-8, 2019, «

Walter E. Washington Convention Center | Washington, DC ® o

REGISTER TODAY TO JOIN US AT THE LARGEST GLOBAL
CONNECTIVITY TECHNOLOGY SHOW OF THE YEAR! =

During SATELLITE Week, choose from sessions like:
» Factoring 5G into the Future of Satellite Service Providers
* Current Trends in Phased Array Antennas for GSO and NGSO-based User Terminals
* Launch Services Roundtable: GSO and Heavy-Lift
* Miniaturizing Satellite Antennas with Metal 3D Printing
* Antenna Technology for Advanced Connectivity Networks
* How to Build Your Satellite Network on the Ground
+ and morel!

Visit the Exhibit Hall

® We're packing the show floor with
innovative technology, products and
services. You won't find a larger show floor dedicated to satellite technology — antennas,
broadband technology, ferminals, modems, satellite networks, radio frequency technology,
amplifiers, automation technology, and more!
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NEW PRODUCTS

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

COMPONENTS

“Jelly Bean” PA Series

BlockMaster
Electronics introduces
a new addition to its
popular “Jelly
Beans®” line of
colorful terminal
blocks. The new
EuroStyle PA Series features nylon terminal
blocks in multiple colors for ease in
identifying terminations and preventing
costly field wiring mistakes. Low voltage and
line voltage connections can easily be mixed
up, especially by inexperienced installers. In
addition to color coding, BlockMaster offers
screen printing to mark alphanumeric
characters on its PA Series terminal blocks
to further simplify field wiring.

BlockMaster Electronics
www.blockmaster.com

Ku-Band Full Band Isolator
Y)VENDORVIEW

Exceed Microwave has enhanced their
ISO-W-12500-5000-75, which is a WR75 full
band isolator with excellent return loss
and isolation across
the entire passband.
It also has very low
insertion loss of

< 0.2 dB with great
return loss of 20 dB and isolation across
the entire WR75 frequency band.

Exceed Microwave
www.exceedmicrowave.com

USB-Controlled Programmable
Attenuator

JFW Industries
introduced their
newest USB-con-
trolled programmable
RF attenuator. The
50P-2068 is
adjustable from O to 31 dB in 1 dB
increments and operates from 100 MHz to
18 GHz. A simple USB interface allows for
easy programming and the included
software can be used to control multiple
JFW USB-components at once. Managed
.Net 4.0 libraries and Python 3 support is
also available.
JFW Industries Inc.
www.jfwindustries.com

112

mmWave Isolators

Y)VENDORVIEW

MECA Electronics’
latest new product
offering, 37 to 40 GHz
isolators optimized for
excellent performance
across a segment of
the Ka-Band in
addition to existing (K- and Ku-Bands)
models covering 18 to 26.5, 27 to 31 and
26.5 to 40 GHz with 2.92 mm interfaces.
Also available are couplers, power dividers,
attenuators, terminations and bias tees and
DC blocks. Their rugged construction makes
them ideal for telecommunications,
aerospace and test equipment systems.
Made in the U.S. with 36 month warranty.
MECA Electronics

www.e-MECA.com

Coaxial DC Block Covers 10 MHz
to 50 GHz
)VENDORVIEW

Mini-Circuits’
BLK-V54+ is a coaxial
DC block supporting a
wide range of
applications from 10
MHz to 50 GHz
including 5G systems,
Ka-Band SATCOM, test & measurement and
more. This model provides 0.5 dB insertion
loss with flat response across the entire
band, 23 dB return loss, RF input power
handling up to 1 W and DC voltage handling
up to 100 V. The unit features 2.4 mm male
to 2.4 mm female connectors and cones
hosed in a rugged, stainless steel body,
measuring only 0.36 in. X 0.87 in.
Mini-Circuits

www.minicircuits.com

VSAT Terminals
Norsat MarineLink™
COM series of
' maritime VSAT
=, Ve terminals provide
@ieoa} reliable SATCOM for

N military, commercial
- and recreational
W—="" maritime applications
across the oceans. With a 2048 kb/s
downlink and 512 kb/s uplink, the three
axis operating platform and 360 degree high
speed tracking design ensures a reliable
link in even the most rugged conditions.
With its simple setup and pre-programmed
satellite almanac, users with minimal
training can have a MarineLink system up
and transmitting in just a matter of minutes.
Norsat International
www.norsat.com

Hi-Q/Low ESR Capacitors

Passive Plus Inc. now
offers extended-
values for the
traditional NPO, Hi-Q
0505 (0.055 in. x
0.055)—now
available up to 1000
pF. The 0505 has increased operational
temperature up to 200°C. These parts
exhibit low ESR/ESL, low noise, high
self-resonance as well as ultra-stable
performance over temperature. Used in
wireless broadcasting equipment, mobile
base stations, GPS, MRI and radar
applications, these capacitors are offered in
magnetic and non-magnetic terminations.
Passive Plus Inc.

www.passiveplus.com

Flexible Waveguides

Pasternack has
introduced a new line
of twistable and
seamless flexible
waveguides operating
in the 5.85 to 50 GHz
range and covering 10
frequency bands from WR-137 to WR-22.
Typical applications include DAS systems,
base stations, antennas and test instrumen-
tation. Pasternack’s newly released line of
flexible waveguides is made up of 78 total
models—39 seamless and 39 twistable. All
models operate in the same wide range of
frequencies, are available in lengths of 6 to
36 in. and with UG-style square/round cover
and CPR-style flanges.

Pasternack

www.pasternack.com

SPDT Switch
)VENDORVIEW

RFMW Ltd. announc-
es design and sales
support for a
high-power, high
isolation, symmetri-
cal, SPDT switch from
Aethercomm. The
SSHPS 2.5-6.0-150 handles up to 150 W of
CW RF power from 2500 to 6000 MHz for
military and commercial communication
systems. Mid-band insertion loss is typically
< 1 dB while typical isolation is 53 dB.
Maximum current draw from a +28 VDC
supply is 300 mA. The SSHPS 2.5-6.0-150
offers 5 ps switching speed and is rated for
temperature, altitude and shock under
MIL-STD operating conditions.

RFMW Ltd.

www.rfmw.com
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NewProducts

Continuously Variable Coaxial
Attenuators

RLC Electronics’
continuously variable
coaxial attenuators
offer wide bandwidths
up to 40 GHz for
microwave applica-
tions where continu-
ous adjustment of signal level is required
with low insertion loss and good impedance
matching. Unique mechanical packaging
with a locking, non-translating shaft allows a
compact assembly. The construction of the
transmission line and shaped, proprietary
lossy material give flat response over a wide
range of attenuation. Units are available
with locking screwdriver, panel mount or dial
knob adjustment options.

RLC Electronics Inc.
www.rlcelectronics.com

Wideband Directional Coupler

The KBK-703S is a
wideband directional
coupler operating
from 1 to 500 MHz.
Product features
include 11.25 dB
coupling with
excellent coupling
flatness of £0.6 dB across the band. The
mainline loss is 0.8 dB (typ.)/1 dB (max.)
and directivity of 25 dB (typ.)/20 dB (max.).

This 1.25 in. square SMA connectorized
package can handle up to 1 W of input
power and operates over the temperature
range of —55°C to +85°C. Other connector
options are available.

Synergy Microwave Corp.
www.synergymwave.com

CABLES & CONNECTORS

High-Temp, Aerospace-Rated
Ethernet Cables

MilesTek’s high-temp
cable assemblies
feature FEP jackets

- that are rated for a
W‘_ / wide temperature
. G range of —55°C to

w +150°C and a double
shielded cable with
both 100 percent foil and 85 percent braid
shields that provide maximum EMI and RFI
protection. These cables are offered
off-the-shelf in Cat6a, Catb5e and Catb5e slim
construction versions and comply with all
RoHS directives. Furthermore, the fire
properties of these Ethernet cables meet
FAR (Federal Aviation Regulation), Airbus and
Boeing requirements.
MilesTek
www.milestek.com

MULTIPLIED CRYSTAL OSCILLATORS
(MXO Series)

"Quietly the Best"
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e Instruments

e Test Equipment

e Reference Oscillator

e Phase Coherent Systems

Wenzel Associates, Inc.

2215 Kramer Lane, Austin, Texas 78758

512-835-2038 e sales@wenzel.com
www.wenzel.com

AMPLIFIERS

GaN Solid-State Power Amplifier

Aethercomm model
number SSPA
0.020-1.000-350 is a
high-power, multi-
decade bandwidth,
GaN solid-state power
amplifier. It is packaged in an enclosure that
is optimized for airborne or ground
applications that require survival in high
performance shock and vibration environ-
ments. Nominal linear output power is 100
to 200 W but power levels at saturation of
300 to 400 W are typical from 100 to 900
MHz.

Aethercomm

www.aethercomm.com

0.7 to 18 GHz CW Dual Band

Amplifiers
VENDORVIEW
1 ARputtwo of their
___'ﬁ ——r state-of-the-art Class
m A CW amplifiers in a
3 1 single chassis, and
now you can go from

0.7 to 18 GHz with the reliability of
solid-state designs and have freedom like
never before. With up to 60 W in the first
0.7 to 6 GHz band split and up to 40 W
output power in the 6 to 18 GHz split, AR
put it together for you in one package that
costs less, weighs less and takes up less
space than two separate amplifiers.

AR RF/Microwave Instrumentation
www.arworld.us/html/ps-dual-band-
amplifiers.asp

Wideband Solid-State Power
Amplifier

COMTECH PST’s
latest innovation
supports its
customer’s need for a
VHF/UHF wideband
high-power RF
amplifier in a single
LRU. This class AB linear design operates
over the full 20 to 500 MHz frequency range
and is ideal for use in research laboratories
or where reliable and accurate linear power
is required. The amplifier is robustly
designed so that it can deliver exacting high
power into high VSWR antenna loads, is
electronically self-protected and supports
multiple modulation schemes.

COMTECH PST

www.comtechpst.com

Solid-State Power Amplifier System

Y)VENDORVIEW
AMP2030-800 new
- ‘) best in class,
o . state-of-the-art 800
"l MHz to 6 GHz, 800 W,

500 W, P1dB min.

amplifier system. The

amplifier features 59

dB min. gain, built-in
VVA circuits for gain control local and
remote with a GaN design for high-reliability
and ruggedness. This system is suitable for
all single channel modulation standards and
any application requiring high-power and
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NewProducts

wideband coverage such as TWTA replace-
ments, EW, EMI/RFI general and specialized
test equipment.

Exodus Advanced Communications
www.exoduscomm.com

Efficient, High-Power 20 to 55 GHz
Amplifier

The AMM-6702 is a
gamechanger.
Featuring an
ultra-wide 20 to 55
GHz bandwidth, over
25 dB gain and up to
+23 dBm saturated
output power with only a O dBm input, this
GaAs MMIC amplifier consumes a mere 570
mW. High linearity broadband mmWave
mixers such as the company’s MM1-1850S
require high-power broadband LO driver
amplifiers, but these amps were largely
absent from the market at frequencies
above 40 GHz—until now.

Marki Microwave
www.markimicrowave.com

Microwave and mmWave LNAs

Norden Millimeter
announced the
addition of new
wideband and
narrowband micro-
wave and mmWave
LNAs. Pictured is an 18 to 44 GHz LNA
providing a noise figure of 4.5 dB max, 40
dB gain and 15 dBm P1dB over the entire
band. Norden has also released several LNA
models which provide a noise figure of 1.3
dB max over the 17 to 21 GHz band. The
LNAs have applications for 5G test stations
and commercial airborne internet.
Norden Millimeter
www.nordengroup.com

Low Noise Amplifier

YJVENDORVIEW

PMI Model No.
5 . y PEC-53-12-10-15-SFF
25 isa1to 2 GHz Low
é Noise Amplifier which

provides a minimum
gain of 53 dB while maintaining a max gain
flatness of £0.75 dB. The noise figure is 3.5
dB max and offers a minimum OP1dB of +5
dBm. The unit is supplied with SMA female
connectors.
Planar Monolithics Industries Inc.
www.pmi-rf.com

Amplifiers
I-JM'EL=
— e O
&
1 o, o s N it
S MR SRS DR

The RFenable value line of amplifiers offers
solid performance with respect to output
power, thermal management and reliability.
The amplifiers are designed for continious
operation and all come with options for
connectors in the front or back of the unit,
as well as options for integrated bidirec-
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tional power couplers to allow external
monitoring of power.

RFenable

www.rfenable.com

Power Amplifier Evaluation Boards
Richardson RFPD Inc.

announced the
& availability and full

~ design support

capabilities for two
new evaluation boards from GaN Systems
Inc. The new power amplifiers are designed
for the growing wireless charging market
and feature GaN technology that enables
smaller, lighter, lower-cost and more efficient
power systems. The 100 W power amplifier
(GSWP100W-EVBPA) is ideal for applications

BESSER
ASSOCIATES,

The Worldwide Leader in RF and Wireless Training

RF Technology Certification
Next Session Starts Soon ! - Online

Applied RF Engineering I

in the consumer market, including items
such as laptop computers, recreational
drones, domestic assistant robots, power
tools and fast-charging of multiple smart
phones.

Richardson RFPD
www.richardsonrfpd.com

L-Band Dual Bi-Directional Amplifier

Triad RF has shipped
their latest L-Band
Dual Bi-Directional
Amplifier (BDA), the
TTRM1081D. This
unit is compatible
with all military and commercial radios and
provides over 25 W of RF power across 1.3 to
1.4 GHz. Made specifically for MIMO radios,

Register Now!

Next Session Starts Soon ! - Online - Rex Frobenius

Radio Systems: RF Transceiver Design from Antenna to Bits & Back
Feb. 25-Mar. 01, 2019, San Diego, CA - Dr. Waleed Khalil

mm-Wave RFIC and MMIC Design Techniques
February 25-27, 2019, San Diego, CA - Dr. Ali Darwish

Transceiver and Systems Design for Digital Communications
February 25-27, 2019, San Diego, CA - Scott Bullock

Cognitive Radios, Networks, & Systems for Digital Communications
Feb. 28-Mar. 01, 2019, San Diego, CA - Scott Bullock

GaN Power Amplifiers - Web Classroom
April 2-4, 2019, Online, On-Demand - Dr. Ali Darwish

Phase Noise & Jitter - Web Classroom
April 8-10, 2019, Online, On-Demand - Dr. Waleed Khalil

Power Amplifier ABCs - Web Classroom
May 6-10, 2019, Online, On-Demand - Allen Podell

Corporate Training Services

Besser Associates can provide our online and traditional classroom
courses exclusively for your team. Our instructors can present
almost any course from our full catalog at your domestic or
international location. Contact us for more details!

RF Mentor Academy
Subscription
Available Now
Visit our website for details.

www.besserassociates.com

{*RF Mentor

_I".-_.:;:. i-
[l

! o,
T

info@besserassociates.com
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NewProducts

providing 2 radio and 2 antenna ports, each
providing 5 W of 64-QAM power or 20 W of
BPSK power. The BDA operates off a single
+28 V supply and provides 25 dB of Tx gain
and 11 dB of Rx gain in both channels.
Triad RF Systems

www.triadrf.com

SOURCES

RF Power Module/Pallet
J)VENDORVIEW

Integra Technologies
has released
IGNP1011L2400, a
new RF power
module/pallet

designed to solve various SWaP-C challenges
in high performance L-Band avionic systems.
IGNP1011L2400 is a high-power GaN on SiC
RF power module/pallet that has been
designed specifically for IFF/SSR systems
operating under either Mode S ELM or
standard Mode S pulse conditions, supplying
a minimum of 2200 W of peak output power,
with typically > 16 dB of gain and 57 percent
efficiency and operates from a 50 V supply
voltage.

Integra Technologies
www.integratech.com

Equivalent Temperature
Compensated Crystal Oscillators

The Pletronics 0eX0®
Series OCXO-equiva-
lent temperature
compensated crystal
oscillators is an optimal hybrid of a high
performance TCXO with OCXO characteris-
tics that meets the demands for today’s
high speed data transmission networks and
testing equipment. The 0eD4281-25.0MHz

MICRO-ADS

DI OPEN RESONATORS

@ Std Sizes ® No Contact ® Easy Prep
900T ~8 to 50 GHz
600T ~12 to 65+ & Model to 110 GHz

g, tan & - Cavity™ sfwr
Thin Sheets, Substrates, R_esins, Foams
www.damaskosinc.com

(610)358-0200 fax(610)558-1019

Sinco'l'mwnhawm our custom
design filters and sub-assemblies in
combline, interdigital and

Broadband suspended-substrate technologies.

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

_———

DC-40 GHz Filters
Multiplexers &
Switch Filter Banks

ES Microwave, LLC

8031 Cessna Avenue, Gaithersburg, MD 20879
P: 301-519-9407 F: 301-519-5418
WWW. i .com

ELECTRICALLY CONDUCTIVE
COATINGS

Ideal for EMI/RFI Shielding

‘ MB600G
Graphite filler
. MB600S
Silver filler
MB600SCN

. Silver coated nickel filler

@MASTERBONW

ADHESIVES | SEALANTS | COATINGS

www.masterbond.com
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is manufactured to provide precise slave/
holdover reference frequency in Ethernet
physical link (BITS/SSU) or line timed (SDH/
SONET) equipment. This oscillator is also
ideal for use in synchronous Ethernet line
cards utilized in 5G/mobile backhaul, test
equipment, base stations, telecom
transmission and switching equipment.
Pletronics Inc.

www.Pletronics.com

ANTENNAS

Horn Antenna Assembly
)VENDORVIEW
Model SAF-6039031340-141-S1-122-DP is
a dual polarized, WR-12 scalar feed horn
antenna assembly
iy T that covers several
ﬁ":‘ ( . popular 5G bands in
5 the frequency range
of 60 to 90 GHz. The
antenna features an integrated orthomode
transducer (OMT) that provides high port
isolation and cross-polarization cancellation
and a broadband scalar horn that provides
low sidelobe levels. The OMT enables the
antenna to separate a circular or elliptical
polarized waveform into two linear,
orthogonal waveforms or vice versa.
SAGE Millimeter
www.sagemillimeter.com

TEST & MEASUREMENT

Coaxial RF Probes

Fairview Microwave
Inc. has recently
expanded their line of
RF coaxial probes into
the 40 GHz frequency
range for use in high
speed communica-
tions, microwave components and network-
ing applications. Fairview Microwave’s
expanded line of coaxial RF probes now
includes four models that deliver 10 dB
maximum return loss over a broad
frequency range of DC to 40 GHz.

Fairview Microwave Inc.
www.fairviewmicrowave.com

Production, Wafer Fab & Testing
Equipment

JVENDORVIEW

SemiGen Inc.
announced that after
moving into their new
state-of-the-art facility,
they have made an
additional capital
investment of over a half million dollars in
new production, wafer fab and testing
equipment to support customer demand. The
new equipment consists of improvements
across their entire service platform and
includes a new Mycronic MY300 pick and
place system, two new Westbond wire
bonders, a new Centrotherm eutectic vacuum
chamber, new HTOL/HTRB ovens, as well as
a new Disco DAD3220 dicing saw.

SemiGen Inc.

www.semigen.net
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Connecting Minds. Exchanging Ideas.

Get the entire pulse of the Microwave and RF
industry in just a few days:

* The world’s largest Microwave/RF
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Basic Radar Tracking
Mervin C. Budge, Jr.,

Shawn German

The text provides a detailed mathematical underpinning for virtually all radar
tracking methods and techniques with examples and simulation results to
solidify the concepts. While written as a textbook, it can easily be used as a
reference for the experienced practitioner.”

Detailed closed-loop bandwidth and
transient response approach is a subject
rarely found in current literature. This
innovative resource offers practical ex-
planations of closed-loop radar tracking
techniques in range, Doppler and angle
tracking. To address analog closed loop
trackers, a review of basic control theory
and modeling is included. In addition,
control theory, radar receivers, signal
processors and circuitry and algorithms

—Jay Loomis, Ph.D.
Senior Research Scientist
University of Alabama Huntsville

necessary to form the signals needed in
a tracker are presented. Digital trackers
and multiple target tracking are also cov-
ered, focusing on g-h and g-h-k filters.
Readers learn techniques for mod-
eling digital, closed-loop trackers. The
radar circuitry/block diagrams necessary
for range, Doppler and angle tracking
are presented and described, with ex-
amples and simulations included. Fac-
tors such as noise and Swerling type

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

ISBN: 978-1-63081-335-2
360 pages

$149/£119

fluctuations are taken into account.
In addition to numerous worked ex-
amples, this approachable reference
includes MATLAB® code associated
with analysis, simulations and figures.
The book contains solutions to practical
problems, making it useful for both nov-
ice and advanced radar practitioners.
Software will be available on the Artech
House website at www.artechhouse.
com.

See What’s Coming Soon In Antennas and Radar

Order Now and Take Advantage of New Release Pricing

NON-LINE-OF-SIGHT
RADAR

Non-Line-of-Sight Radar
Brian Watson and Joseph R. Guerci
ISBN: 978-1-63081-531-8
Hardcover  Approx. 225 pp.
Coming February 2019

New Release Pricing: $111 / £89

118

The Micro-Doppler Effect
in Radar, Second Edition
Victor C. Chen

ISBN: 978-1-63081-546-2
Hardcover  Approx. 450 pp.
Coming February 2019

New Release Pricing: $141 / £113

Microstrip and
Printed Antennas:
Application-Based
Designs

Practical Microstrip

and Printed Antenna Design
Anil Pandey

ISBN: 978-1-63081-668-1
Hardcover ¢ Approx. 480 pages
Coming March 2019

New Release Pricing: $141 / £113

For complete descriptions and to order, visit

ArtechHouse.com

All orders plus shipping/handling are applicable taxes.
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Keysight Engineering Education
Webinars

KEYSIGHT

Sponsored by: TECHNOLOGIES

Sign up for one of the KEE webcasts listed:

microwavejournal.com/articles/31318

5G Antenna Design for Mobile Phones

Sponsored by: 5_\? SIMNMULIA

Presented by: Marc Ritschlin, Senior Portfolio Technical
Specialist for Microwaves & RF

microwavejournal.com/events/1828

5G MASSIVE MIMO: A Paradigm Shift in
Base Station Antenna Testing

Sponsored by: RLLVAE]

Presented by: Mathieu Mercier, Technical Director in
MVG Asia Pacific

microwavejournal.com/events/1827

Predicting Aerospace/Avionics Perfor-
mance Against Electromagnetic
Effects (E3) and EMC Requirements

Sponsored by: !7’7_% SIMULIA

Presented by: David Johns, SIMULIA

microwavejournal.com/events/1829

System Design from Antenna to
Digital with Zynq UltraScale+ RFSoC

AAVNET

Reach Further™

& XILINX.

Presented by: Luc Langlois, Director, Engineering &
Technology/DSP and Luke Miller, EW/ISR System Architect at
Xilinx Inc.
microwavejournal.com/events/1823

Sponsored by:

CST Studio Suite 2019

Sponsored by: 55 SIMULIA

Presented by: llari Hanninen, EMAG Senior Portfolio Man-
ager for CST, part of the SIMULIA brand of Dassault Systémes

microwavejournal.com/events/1808
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Insertion loss as low as 0.8 dB

Higher rejection rate, up to 45 dB
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tromagnetically invisible, structurally impervious to
Il the environment and mechanically rugged—yet with
little mass. That is the daily challenge for the composite
radome designers at Meggitt Baltimore, Inc. (MBI). A ra-
dome’s purpose is to protect an antenna without perturb-
ing the electrical performance of the antenna and overall
system. It shields the antenna from the environment
while also mating with the platform hosting the antenna,
the airframe of a fighter, superstructure of a destroyer
or trailer of a ground-based radar. Each platform adds
unique environmental challenges, beginning with tem-
perature, vibration and severe mechanical loads. Fight-
ers fly faster than the speed of sound and withstand
bird strikes, ships contend with the corrosive salt of the

magine being asked to design a product that is elec-

ocean and ground-based systems weather sand and dust,

ice and snow.

To address these challenges, MBI brings more than
50 years' experience working with the chemistry of
polymers and composites. This capability was born with
Nurad, an antenna company formed in 1965. Nurad
became part of Chelton Microwave, then Cobham. Meg-
gitt acquired the composite radome capability from
Cobham inlate 2015, a high-tech complement to Meg-
gitt’s broad composites capability. Today, MBIl focuses
on the design, manufacturing and repair of radomes
and composite related antennas. The business primar-
ily serves the defense market and has quite a pedigree:
products flying on the B-1B, F-15, F-16, EA-16G, -8,
C-130 aircraft and many others, with Boeing, Cobham,
Harris, L3, Lockheed Martin and Northrop Grumman
long-term customers. The business is not strictly
defense though, as the team developed the radome for
Gogo's 2Ku satellite in-flight internet service used by
many commercial airlines.

MBI has a fully vertically integrated capability, with
a staff of 80 occupying a 75,000 square foot facility
that houses engineering and manufacturing. Designers
use a suite of computer-aided design tools for electro-
magnetic, mechanical and thermal simulation. Manufac-
turing capabilities include 5-axis CNC machines, large
autoclaves and the capability to apply high performance
paints and coatings; MBI can access the capabilities of
the 10+ other Meggitt Folymers and Composites sites,
if required. Seven fully instrumented antenna ranges
support evaluation and production testing and are also
used by customers. The ranges include outside, com-
pact and far-field anechoic chambers, enabling testing
from UHF to 50 GHz, which is being extended to 100
GHz. These test ranges are available as a test service
to MBI customers.

An antenna with a radome is an interdependent sys-
tem. Successful development requires close collabora-
tion between the customer and MBI technical teams.
Once the specifications are defined, the composite
radome design begins with electromagnetic simulation
and creation of a flat sheet prototype for RF testing.
The sequence proceeds to the mechanical design and
fabrication of a form-fit prototype, tested with the
antenna to compare the antenna's performance without
the radome and with it. Extensive far-field electrical
tests are performed during development, and the test
sequence is simplified in production, usually just mea-
suring the radome’'s S-parameters.

The Meggitt Baltimore business is healthy and growing,
reflecting new development, production and spares orders.
That is no surprise for a company with a successful 50+
year legacy designing the invisible.

www.meggittbaltimore.com
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HIGH POWER COMBINERS & ABSORPTIVE FILTERS

Multi-kW Power Levels + Low Loss Circuits + Mismatch Tolerant®Designs

Combiners & Dividers

* Frequency Bands Covering DC through C-Band

+ Power Levels to 60 kW CW & 200 kW Peak!

+ Rack Mount, Drawer Mount, & Radial Type Available

* Low Loss Designs, Ideal for Coherent & Non-Coherent Combining

Absorptive Filters

+ Low and High Pass Filters are Non-Reflective!

+ Out-of-Band Signals are Internally Terminated

* Absorptive Filters are Less Susceptible to Temperature Change
+ HF, 1.5 kW Switch Filter Bank Available

Our Designs Are:

* Supplied with Plotted Test Data by Serial Number

* Built to Withstand High Unbalanced Input Powers

* Designed for High Humidity, Temperature, Vibration & Shock

Send Us Your Specs for Custom Designs!
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