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Power Divider/Combiner Attenuators Directional Couplers/Hybrids Terminations (Loads)

20 MHz - 40 GHz Up to 40 GHz 0.4 - 40 GHz Up to 40 GHz
SMA, 2.92, QMA, N, SMA, 2.92, OMA, N, SMA, 2.92, QMA, N, SMA, 2.92, QMA, N,
TNC, BNC, RPTNC 4.1/8.5 & 7/116  TNC, BNC, RPTNC & 7/16 TNC, BNC, RPTNC & 7/16 THC, BNC, RPTNC 4.1/8.5 & 7116
Up to 120 watts Up to 150 watts Up to 500 watts Up to 500 watts

DC Blocks & Bias Tees Low PIM & D.A.S Equipment Circulators/lsolators Jumpers & Adapters

Up to 40 GHz 0.698 - 2.700 GHz Up to 40 GHz Up to 18 GHz
SMA, 2.92, QMA, N, M, 4.1/9.5 & 711815 SMA, 292 N & TMB SMA N, 41/9.5& T7M6
TNC, BNC, RPTNC & 7116 Up to 250 watts RG, LMR & T-flex
Up to 7 amps

BETTER BUILDINGS / BETTER NETWORKS

Dr. D.A.S.® Prescribes: MECA Products & Equipment.

MECA Electronics designs and manufactures an Since 1961 MECA Electronics (Microwave Equipment &
entensive line of REMicrowave Equipment and Components of America) has servad the RF/Microwave
Components with industry leading performance including industry with equipment and passive componants
D.A. 3. Equipment, Low PIM Products, mmWave, covering Hz to 40 GHz. MECA s a privately hald
Power Dividers & Combiners, Directional & Hybrid 15039001 :2008 Certified, global designer and

Couplers, Fixed & Varlable Attenuators, RF Terminations, manufacturer for the communications industry with
Circulatorsflsolators, DC Blocks & Bias Tees, Adapters & products manufactured in the United States of Amarica.
Jumpers, Models available in industry commaon connector
styles: N, SMA, 2.92mm, TNC, BNC, 7116, 4.1/9.5 &
4.3/10.0 DIN as well as QMA, Reverss Polarity SMA,
THNC and various mounting solutions. Dy 1. A5.F Prescribes...

Buy RF Parts Online!

o

Mew for 2015 mmWave Products Low PIM & D.A.5. Equipmeant
Catalog Issue #10 Supplement Supplement

g L ol -
2 K| f W] s [in )
/ MECA Electronics, Inc.
y. Microwave Equipment & Components of America
: _#The Professional's Chc:u’cg for RF/Microwave Passive Components
N & 459 E. Main 5t., Denville, NJ 07834 p
g Tel: 973-425-0641 Fax: 973-625-9277  Sales@e-MECA.com
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Picoprobe elevate'&pf':d

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

testing instruments.

design

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

Through unique

GGB INDUSTRIES, INC. -

Telephone (239) 643-4400 -

cards to a higher level...

(--.110 GHz to be exact.)

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

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

P.0. BOX 10958 -
Fax (239) 643-4403 «

E-mail email@ggb.com

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

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

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

NAPLES, FL 34101

www.picoprobe.com
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POWER
SPLITTERS/
COMBINERS

noW 2 kHz 1018 GHZ 1 79°

The Industry’s Largest Selection includes THOUSANDS
of models, from 2 kHz to 18 GHz, at up to 300 watts power, in coaxial,
flat-pack, surface-mount and rack-mount housings for 50 and 75 Q systems.

II & From 2-way through 48-way designs, with 0°, 90°, or 180°
=
J’i

0 phase configurations, Mini-Circuits power splitters/combiners  offer
- outstanding performance for insertion loss, isolation, and VSWR.
Decades of experience with multiple technologies make it all possible, from

core & wire, microstrip, and stripline, to semiconductors and LTCC ceramics.

= outline drawings, PCB layouts, and everything else you need to make a decision
y quickly, at minicircuits.com. Just enter your requirements, and our patented search

engine, Yoni2, searches actual test data to find the models that meet your needs.
% = S — All Mini-Circuits catalog models are in stock,

continuously replenished, and backed by our 1-year guarantee. We even list
= s current stock quantities and real-time availability, as well as pricing, to
" S help our customers plan ahead and make quick decisions.
- So why wait? Take a look at minicircuits.com today!

o RoHS Compliant
Product availability is listed on our website.

Get easy-to-find, detailed data and performance curves, S-parameters,
; ~°‘;i~

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
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Technolagy On the Move
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Cavity Filters Surface Mount Circulators

Waveguide Isolators Power Combiners Coaxial Circulators
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From Surface Mount Components
to Complex Testrack Assemblies
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BSCFILTERS - DOWKEY MIGROWAVE = KAL MICHOWAVE - POLERZERG .

wiww. kimicrowave.com « www. kifillerwizard.com - 410-745-2424 - sales@kimicrowave.com
See us at EuMW Stand 116
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Closer to the Introducing Teledyne’s

“Perfect Nofch” AETRIICRULELD!
Band-Reject Filters

Engineers know the ‘perfect notch’
in YIG band-reject filters is an
unattainable goal. However,
Teledyne Microwave Solutions
(TMS) has developed a new
patent-pending technology to
deliver a YIG Tuned Notch
Filter Line that brings the
technology far closer to

the ideal ‘nofch’

than ever before.

These TMS BRFs
deliver improved

A Design Trifecta:
performance at lower
Wider Notch Bandwidth frequencies with reduced

spurious responses.
Greater Notch Depth Add these benefits fo the
Narrower 3dB BW “TMS Design Trifecta,” and it

becomes clear that TMS should be
your ONE SOURCE for demanding
YIG band-reject filter requirements.

AN TELEDYNE teledynemicrowave.com
'~ MICROWAVE SOLUTIONS 1.800.832.6869 or 1.650.962.6944
Everywhereyoulook® microwave@teledyne.com

TMS: TvHe Power oF CONSOLIDATION Cougar ® MEC e LabTech ® Microwave © Paradise Datacom e Defence Lid.
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8512 Series Programmable Switches

with LabView™ control software.

The path to a flexible switching
system is here

Your custom matrix awaits with Programmable Switches from Weinschel,
part of APl Technologies Corp. From 4G/5G, Wi-Fi, or WiMAX base stations,
to high-frequency test benchs, these switches provide the flexibility and
expandability you need. They're available in two bands and come with
your choice of fail-safe or latching switching.

Multiple route/matrix configurations are made easy with local control
or your choice of Ethernet, USB, or RS-232 interfaces, and free LabView™
control software.

Call us, or visit our website today for complete details.

301-846-9222 | 800-638-2048 | weinschel-sales@apitech.com | weinschel.apitech.com

= DCto18 or DC to 26.5 GHz

= Low insertion loss and
high isolation

= SP3T to SP6T configurations
= Switch cycle counter

= ATE and STE applications

technologies corp.
> WEINSCHEL

See us at EuMW Stand 152 Weinschel is now part of APl Technologies Corp.
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AUGMENTED REALITY: HOW IT WORKS

STEP1

Download the free Layar app from the
iTunes (i0S) or Google Play (Android)
store.

STEP2

Launch the app to view
enhanced content on any page
with the lay E]§ logo.

STEP3

Frame the entire page in the screen and
tap to experience enhancements (tap
screen again for full screen view).

Look for the Layar logo on participating pages.

AR pages may expire after 30 days.
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2.7V to 3.6V =
Supply T

-156dBm/Hz
Output Noise Floor

=51.5dBm
Carrier Leak

+20dBm OIP3

Powered from a single supply from 2.7V to 3.6V, the LTC®5599’s 28mA supply current extends battery run time.

The modulator offers superb -52.6dBc sideband and -51.5dBm carrier suppression—without the need of calibration. Its low
noise floor of -156dBm/Hz and 20dBm OIP3 capability ensure outstanding transmitter performance. The LTC5599's built-in
configurability allows users to optimize performance from 30MHz to 1.3GHz, minimizing external components and saving costs.

Built-in Configurability Features:

* Gain Adjustable from 0dB to -19dB,
with Supply Current Change from
35mA to 8SmA

o Improves Sideband Suppression from
-52.6dBc to -60dBc

* Reduces Carrier Leakage from
-51.5dBm to -60dBm

Output Spectra (Optimized)

L7 U”ff\D

V Info & Free Samples

www.linear.com/product/LTC5599
1-800-4-LINEAR

f::}

www.linear.com/solutions/5429

L7 LT, LTC LTM Linear Technology and the Linear logo are
ks of Linear Technology Corporation. All other
trademarks are the property of their respective owners.
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Multi-Sensor Approach for
Non-Segregated Airspace
Insertion of RPAS

Patrick Garrec
Thales, Paris, France

emotely piloted air systems (RPAS) are
Rvital to the execution of military opera-
tions, as recently borne out by Europe’s
near neighbours in Libya, Mali, Syria and Iraq.
Proliferation of RPAS is anticipated in the near
future for 3D (dull, dirty, dangerous) missions
(see Figure 1). Militarily, RPAS capabilities
are being successfully applied to paramilitary
applications such as border surveillance, mari-
time surveillance, crisis management and civil
protection. Within the civil domain, RPAS us-
age is experiencing exponential growth from
a small base of early adopters and a variety of
markets: farming, filming, fire detection and
a number of applications we haven't yet dis-
covered, as their costs are still prohibitive for
RPAS or because the legislation doesn’t allow
them yet.
The RPAS market is forecast to grow con-
tinuously and multiply by roughly five times ev-

Dangerous

I

A Fig. 1 RPAS favoured operations: dull, dirty and dangerous.

ery five years.! The opportunity for Europe is
significant, with a conservative, lower estimate
of the accessible RPAS sensor payload mar-
ket of €17.4 billion and a higher growth esti-
mate of €23.6 billion in the period from 2015
to 2035. Of course, this will only be possible
if a sense and avoid capability is designed and
manufactured in compliance with the dedicat-
ed requirements.

The higher growth case for civil and security
RPAS sensor payloads predicts a pronounced mar-
ket shift away from the historical military domi-
nance of the RPAS market sector towards a more
balanced market demand between military, se-
curity and civil — albeit over the longer term. The
needs are identified but the means are missing.

For military RPAS, flying in a segregated
area set up by a Notice to Airmen (NOTAM)
is acceptable as long as the number is not tre-
mendously high. However, with the growing
market, cohabitation will become a major con-
cern. This is the reason why the European De-
fence Agency (EDA) has launched the mid-air
collision avoidance system (MIDCAS)? study.
To address the expected increase in numbers,
more electronics will have to be devoted to
safety concerns, at the cost of endurance.

For civil RPAS, France is the pioneer in
Europe, creating the Conseil des Drones Civils
RPAS civil councils in November 2014. The
three newly created committees deal with
regulation, technology and safety uses. A sur-
vey carried out by the Direction générale de
l'aviation civile (DGAC) has counted more
than 800 operators in France. There are now
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CoverFeature

rules in France for mini and micro
RPAS, which is also the case in 14
European countries. The number will
continue to increase.

For mini/micro RPAS, the technol-
ogy is mainly obtained by a spin-out
from the toy and smartphone market.
The command and control stations
are derived directly from the phone
or tablet world, as well as the pay-
loads themselves (stabilized camera,
low energy computer, MEMS, Wi-Fi
communication, etc.). Existing appli-
cations are 2D and 3D maps or imag-
ery and thermal models for building
isolation assessment as well as land
surveying, mining, mapping, agricul—
ture, forestry, littoral conservation,
media, site inspection, civilian safety
and linear inspection of pipelines, rail-
way and electric cables. The service
market will grow in parallel.

Today, manufacturers are building
optionally piloted vehicles (OPV) as
mission systems that they intend to
turn into true RPAS as soon as the cer-
tified solution for sense and avoid is
available. Currently, no OPV has been
certified for flying without a safety pi-
lot on board. The only demonstration
programme to be completed to date
is SESAR,? which was underwhelm-
ing as the safety case was “simple and
it’s not a real unmanned aerial vehicle
(UAV).” OPVs remain piloted aircraft,
and their certification is not compa-
rable with that of UAVs.

Being obliged to have a pilot has
a direct impact on the size of the air-

V-BAND
E-BAND
W-BAND \

T. 424-T57-011648 |
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craft, which is obviously oversized,
especially at the level of medium alti-
tude long endurance (MALE) RPAS.
Compared to tactical solutions which
are optimized for the mission and can
land on a semi prepared area, OPVs
have to cope with pilot constraints
(i.e., additional weight, instruments
and human factors) as well as needing
airports for landing.

RPAS are limited by the maxi-
mum take-off weight. The balance
between the payload that can be
flown and the carburant (i.e., petrol,
batteries, etc.) that is needed to en-
sure a decent time on station is the
parameter that has to be adjusted
for efficiency. Regulation will force
the incorporation of additional sen-
sors to take care of collision avoid-
ance or even better achieving “pass
well clear,” a natural concern with
the forecast in the number of air-
craft increasing. No one wants to be
responsible for RPAS casualties.

The only solution for staying com-
petitive is to have light sensors, and
integrated sensors are the best option.
This article will now consider the dif-
ferent RPAS classes, the rules and
certification constraints, the different
solutions for sense and avoid and the
weight estimation for separate sensors.
The discussion will show how the per-
formance and size, weight and power
(SWaP) consumption of a multi-sensor
suite could be improved thanks to col-
laborative tasks and resource sharing,
and it will provide recommendations

Sy
ih cats

for decreasing the weight and increas-
ing the functionalities.

ALL OF THEM ARE RPAS, BUT...

Today there are too many classes of
RPAS — also called drones (from the
low continuous humming sound pro-
duced when flying), unmanned aircraft
systems (UAS) and UAVs. The way the
classification is presented indicates the
interest of the user, the manufacturer
or the market development.

e Size: nano, micro, mini, small, me-
dium, large

* Aerodynamic type: fixed wings, ro-
tating wings, vertical take-off and
landing (VTOL)

o Altitude: low, medium or high

e Altitude and endurance: medium
altitude long endurance (MALE),
high altitude long endurance

(HALE) and low altitude long en-

durance (LALE)

e Level of operation: tactical, opera-
tive, strategic

Mission: ISR, combat, support, etc.
User: military, commercial, civilian
Class: I, IL, III, IV, etc.

Operation mode: line-of-sight (LOS),
beyond line-of-sight (BLOS)
However, these categories often in-
clude aircraft with very heterogeneous
performance.

The performance characteristics of
speed, endurance and maximum take-
off weight are totally different and no
one can expect that the same sense
and avoid system can satisfy a 2 kg air-
craft as well as a 4 ton one.
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Also, the operating altitude is dif-
ferent and so are the missions. For ex-
ample, being capable of detecting and
avoiding overhead cables is required
for low altitude missions but not for
midair anti-collision systems. The
small RPAS want to use the sense and
avoid function to operate in a swarm;
maneuverability, speed and detection
range are not the same for all aircraft.

The segmentation is very wide, and
different scenarios and rules are im-
posed according to the size and appli-
cation of these kinds of systems. The
requirements are not the same and
the solutions will be different.

GOVERNING RULES

As per the International Civil Avia-
tion Organization (ICAO) definition,
the visual flight rules (VFR) are a set
of regulations under which a pilot op-
erates an aircraft by visually control-
ling the attitude and trajectory of the
aircraft, navigating and maintaining
separation with obstacles such as land,
clouds and other aircraft. This must
be done in visual meteorological con-
ditions (VMC).

VMC are usually defined by certain
visibility conditions, cloud ceilings (for
take-off and landing) and cloud clear-
ances. The exact requirements vary by
type of airspace, whether it is day or
night (for countries that permit night
VFR) and from country to country.
Typical visibility requirements vary
from 1.5 to 8 km. VMC are the weath-
er conditions required for flight under

VFR (using outside visual references).
The boundary criteria between VMC
and instrument meteorological condi-
tions (IMC) are known as the VMC
minima.

In France, regarding small aircraft,
RPAS under 150 kg are segmented
depending on different scenarios:

e SI: direct visual line-of-sight above
non populated area, with 100 m
maximum distance from the pilot

e S2: above non-populated areas,
with 1 km maximum from the pilot
and with a height under 50 m from
the ground or artificial obstacles

e S3: flights above populated areas,
in direct line-of-sight of pilot, with
a maximum distance of 100 m from
the pilot

* S4: particular activities (geograph-
ic, video, aerial surveillance, etc.)
above non-populated area and not
included in the S2 scenario.
Regarding large RPAS, the U.S.

Federal Aviation  Administration

(FAA) wrote an order (8130-34: Air-

worthiness Certification of Unmanned

Aircraft Systems), then a UAS road-

map and a UAS comprehensive plan

in October 2013; European rule

216/2008 defines the competency.

A wide range of scenarios can ex-
ist with widely varying performance
characteristics, along with different
types of aircraft in an operational en-
vironment when defining, size, speed,
type of control and other flight capa-
bilities, material properties and struc-
tural design standards, system reliabil-

ity and other aircraft performance (at
system and subsystem levels).

For the European RPAS steering
group — the European group provid-
ing milestones for integrating RPAS
into non-segregated airspace, fol-
lowing EDA study AIR4ALL - stud-
ies have to be carried out in relation
to allowing flights in non-segregated
airspace: data communication links,
including spectrum issues; opera-
tional procedures; security issues; op-
erational contingency procedures and
systems; surface operations, including
take-off and landing; detect and avoid
systems.

The European EDA MIDCAS
study has established sets of sensor
capabilities to ensure flying in non-
segregated airspace regarding detect
and avoid capabilities. A demonstrator
of this system has recently flown with
electro-optic/infrared (EO/IR) com-
bined with radar capacities for detect-
ing non-cooperative intruders. This is
complemented by automatic depen-
dent surveillance broadcast (ADS-B)
and identification, friend or foe (IFF)
equipment to detect cooperative in-
truders — at the same time taking into
account the non-cooperative tracks by
means of heterogeneous data fusion.
The best combination of only non-
cooperative sensors was proven to be
radar plus electro-optic.

It is envisaged that RPAS will op-
erate in airspace and air traffic man-
agement (ATM) environments, in
conjunction with a variety of manned
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e Airborne Platform

* Avionics

¢ Fly Computer

¢ C2/Vehicle
Communication

 Sense & Avoid Function

¢ Vehicle Command
& Control

* ATOLS

* C2 Communications

* Safety Pilot

Certified
Segment

Ar ig. 2 Main functions required for RPAS.

aircraft (e.g., from gliders to large
airliners), both under IFR or VFR,
adhering to the requirements of the
specified airspace in which they are
operating — that is to say mainly by
providing the pilot in command with
information of distance to clouds.
Formally speaking, according to the
rules of the air, VFR flight encourages
getting the distance to clouds in order
to avoid entering instrument meteoro-
logical conditions (IMC).

A flight conducted under VFR
must maintain a minimum distance
from clouds and requires a mini-
mum distance from the ground and
surrounding obstacles. In a manned
aircraft this is ensured by visual rec-
ognition and instruments. For RPAS,
this should be achieved through an

Broadband performance ahead of its time.
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Air
Segment

Ground
Segment

* Payloads
° Crypto

— : Mission Computer

I Operators

* C2 Communications
* Display

* Network

* Operators

Mission
Segment

adequate set of sensors with enough
distinctiveness to make valid deci-
sions. This set of sensors will have to
include multi-function radar capabili-
ties for weight saving.

With regards to the functional ar-
chitecture, the main functions needed
for the RPAS are allocated to several
segments as shown in Figure 2. Part
of what was considered as a whole en-
tity is now spread between the air seg-
ment and the ground segment, creat-
ing a rupture. There is a pilot, but he
is on the ground, which means that
the situation assessment, the reaction
time and the consequences are not
the same for him.

Comparing the RPAS architec-
ture to an aircraft, there is a notion of
“green aircraft” and a mission system

See us at EuMW Stand 257

In its minimal form.

that can be highlighted. The airwor-
thiness constraints are now spread
among the air and ground segments,
making the certification more com-
plex. Legally, in an aircraft, the pilot is
responsible for the see and avoid. For
an RPAS, it may not be the case as the
pilot is on the ground and the data
link could be interrupted. Sense and
avoid must be achieved even when the
data link is perturbed. An autonomous
function is thus compulsory.

Today, without the sense and avoid
function, the only legal solution is the
segregation with a NOTAM and the use
of a primary radar for situation assess-
ment. STANAG 4671 2009 4 states “Tt is
recognized that “sense & avoid’ is a key
enabling issue for UAV operations.”

HOW TO SENSE AND AVOID

Sense and avoid detection is based
on two kinds of function: cooperative
and non-cooperative.

Cooperative Function: Among
the possible cooperative sensors,
ADS-B is particularly suitable for im-
plementing sense and avoid. ADS-B is
based on the publication of the UAV’s
position on a dedicated network. It
assumes that the Global Navigation
Satellite Systems (GNSS) information
is available, that the communication
to the network is updated correctly
and that all the flying systems are all
equipped. The main characteristics
are:

e Automatic: there is no interroga-
tion needed to start the data or

- :l— dmm Actual Size

Introducing the ultra small, super
powerful EMD
MMIC Amplifier DC-20 GHz.

. 1 Watt power
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squitter coming from the transpon-
der
¢ Dependent: it relies on on-board
navigation (GNSS, altimeter, baro-
metric altitude, inertial system)
and broadcast equipment to pro-
vide information to other ADS-B
users

e Surveillance: automatic surveil-
lance and traffic coordination are
required

e Available at long range, provided
that aircraft are in line of sight

o All weather

One of the main problems in using
ADS-B is linked to knowledge of the
integrity of received data and that it
only provides the published data, as-
suming that the surrounding aircraft
are all fitted with ADS-B. The traffic
collision avoidance system (TCAS)
function is the automatic avoidance
system used for manned aircraft and
is the way forward for the big RPAS,
when weight is less critical associated
with a non-cooperative sensor. The
IFF in Mode S is used for providing
aircraft parameters (range, altitude,
azimuth) and for ADS-B confirma-
tion. Spoofing may be a concern in the
future. Link 16 is used for situation as-
sessment.

These systems are L-Band with
separate boxes, antennas and with
filters and blanking boxes to cope
with compatibility. Building a single
piece of equipment capable of all
these functions will save weight and
will simplify integration and will help

with certification. The cables” weight
for aircraft installation has been mea-
sured and represents 15 percent of the
total weight of the boxes. Building a
multifunction L-Band system is clear-
ly a challenge that could save half the
weight by having common transmit-
ters, common multifunction receivers
and shared computer resources. It will
also naturally take care of EMI/EMC
compatibility. There is no risk of one
of the L-Band transmitters polluting
the other, if you only have one.

Non-Cooperative Function:
Non-cooperative sensors are seg-
mented into two solutions: electro-
optical/infrared sensors and radar.
Among possible non-cooperative sen-
sors, the natural solution is optical
detection as it mimics the pilots eyes,
with the same advantages and limita-
tions. Cameras are cheap, small and
light and can easily be spread around
the aircraft structure. This is true for
mini RPAS, when the distance detec-
tion is increasing the weight and con-
sumption growth proportionally. But
the system is not all-weather and the
speed measurement of the incoming
objects is quite difficult to obtain; only
the increasing number of pixels is no-
ticeable.

Radar complements the imaging
sensors: EO/IR sensing provides an-
gular measurements with great accu-
racy and has a good data rate update,
while the radar also provides distance
and speed measurements. Data fu-
sion achieves the best of both sensors.

3 States E-SCAN

Non Directive in Azimuth
Space Coding Transmission

Transmit

A Fig. 3 X-Band radar antenna system for the sense and avoid function.
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Moreover, the cooperative informa-
tion is used for the data fusion.

For radar sensors there are two
possible antenna technologies that
can be selected. The first is mechani-

cal scanning along the azimuth axis
with digital beam formmg along the
elevation axis on receive. This ap-
proach is also referred to as the “mov-
ing solution.” The second is coloured
emission combined with quantized
E-scanning along the elevation axis
on transmit, with digital beam form-

ing along the azimuth axis on receive.
This is also referred to as a “static so-
lution.”-6

Considering the band choice,
X- and Ku-Band offer the best com-
promises between accuracy, weather
robustness, available spectrum, cost
and system weight. Ka-Band has been
discarded as unsuitable for all-weath-
er use. C-Band and lower frequencies
have also been discarded, due to the
available bandwidth for the sense and
avoid function. Moreover, they are

w-Modelithics®
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WAV A Az

heavier and consume more space than
X- and Ku-Band.

RADAR IMPLEMENTATION

One of the most advanced exist-
ing radars uses a patented Thales
design based on electronic scanning
(E-SCAN) and digital beam forming
(DBF) (see Figure 3). The techniques
and technologies which have ruled the
proposed design all favoured decreas-
ing the drag by minimizing the an-
tenna footprint, easing the installation
on board the aircraft and decreasing
the weight compared to standard so-
lutions. The result is a good, yet com-
plex, fully integrated solution, which
offers the best compromise within an
affordable SWaP budget.

The radar system operates in X-
Band with an architecture based on
coherent multiple-input-multiple-
output (MIMO) principles.>6.7 To
decrease the size of the antenna, co-
loured transmission is implemented
for measurement of elevation angles,
which otherwise would not be possi-
ble. One of the advantages of operat-
ing in X-Band, rather than Ku-Band,
is that the signal of the weather radar
from airliners can be detected and the
information incorporated in the fusion
system to enrich detections. Cloud de-
tection is also a most valuable function
that needs to be included in future de-
signs. Medium RPAS cannot afford to
carry both the sense and avoid func-
tion and weather radar.

The signal processing can be in-
stalled at the back of the receiving
antennas, for cable optimization, and
the use of smartphone processors are
a possible solution in the future. The
use of conformal antennas as promot-
ed by EDAS can be envisaged; as the
tools for building conformal antennas
are not yet mature, they will probably
be the next step after having certified
the radar sensor for sense and avoid.

SWAP: LIGHT IS BEAUTIFUL

The figures shown in Table 1 are
based on separate sensors and data fu-
sion after detection. Three possible ap-
PlOdChCS can reduce these values. The
first is through technology improve-
ments, for example the use of new ra-
dar technology planned for AESA ar-
chitectures. The second is a multi-sen-
sor approach, using strong interaction
and cooperation between the sensors,
including compacting the sensors in
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TABLE 1
FUTURE SENSE AND AVOID AIRBORNE SEGMENT (SYSTEM WOULD USE EITHER EO OR IR SENSOR, NOT BOTH)
Weight Volume Power  Total Weight Total Volume Total Power

(kg) () (w) (kg) (L) (w)
EO Sensor 4 4 70
IR Sensor 4 4 60 19 14 410 ADIC D

Sensors

RADAR Processing 15 10 350
ADS-B IFF Interrogator 3 ) 85 ) ) 35 Cooperative Sensors
Main Computer 3 1.5 25 3 1.5 25 Data Fusion
Overall Future Airborne Segment 25 18.5 470
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the same units (direct gain) or offering

increased functionalities while avoid-

ing new sensors (indirect gain).

* Capacity for the radar system to
detect clouds and give a measure-
ment of the distance to clouds to
the pilot in command, in order to
fly VFR

e Detection of weather radar from
airliners to compare with standard
detection

e Use of optical technology, if possi-
ble merged within the radar panel?

The third approach is resource man-

agement sharing, e.g., RF chains or

computing resources.

As most fixed wing RPAS are glid-
ers, the consumption is small and
could be just kilograms per hour — as
little as 5 kg. The key parameter for
the RPAS is the time on station. Take-
off and landing, the time to travel to
and from the mission area are not the
interesting part of the flight, although
necessary. The only parameter that
can be adjusted is the time on station.
If the payload weight is inflated by 5
kg, at least one hour of time on station
is impacted (not taking into account
the weight impact on the platform
performance).

Although significant technological
and regulatory advances have been
made by the RPAS community, tech-
nology improvements and regulation
development are still needed to fully
understand the impact of RPAS oper-
ations in the non-segregated airspace.

Of course depending on the RPAS
class, the problem is not the same, and
thus the solution will have to be adapt-
ed. Technologically, efforts have to be
made to decrease the weight of cabling
and connectors, as the ratio of these
elements is not negligible compared
to the mission payloads. It represents
more than 20 percent of the payload.

Another approach is sensor physi-
cal integration, being able to insert all
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cameras (EO/IR) within the antenna
will save weight. In addition to SWaP
benefits, smooth sharing of the pro-
cessor resources between the EO/IR
and the radar would improve system
efficiency.

In clear visibility, detection from
the radar giving Doppler detection
and range could be managed without
other refined computation. The opti-
cal sensor could then give the refined
angular detection, getting rid of the
burden of measuring the distance and

the speed, which is quite complex
for EO/IR and requires additional
computation. Moreover, the distance
being known, the focalization of the
camera can be pre-adjusted to the
correct value. For poor visibility, the
camera computer resources will be
fully allocated to the radar, preventing
unused CPU resources.

For small aircraft with a weight
less than 5 kg, the target weight for
the sense and avoid function must be
reduced to 200 g maximum; hope-
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fully, the platform speed will also be
reduced to less than 30 m/s. For these
platforms, the only radar technology
will be millimeter wave, which is also
the technology selected by the auto-
mobile industry. Allocating 76 to 77
GHz frequencies to helicopters is now
under discussion.

We could have envisaged simple
equipment or a set of equipment en-
suring RPAS airworthiness certifica-
tion, enhancing system performance
and physical SWaP characteristics and
even being compatible with existing
manned airplanes. However, this is
a chimera and the specificity of each
class of platform forces a dedicated

solution by type of class.

FUTURE DEVELOPMENT

Performance trade-offs and devel-
opment of standards will be the next
step to be achieved, as the certification
cost is too high for every aircraft manu-
facturer to achieve. The only pragmatic
solution is to go through a standardiza-
tion process, which will ease the ap-
proval by the regulation authority.

Sharing the requirements will allow
technology driven improvement, e.g.,
by using MMIC designs, merging RF
and optical front-ends as well as im-
proved performance by cooperation
at low level, thus drastically improv-
ing the SWaP of the sense and avoid
function. Advanced studies still need
to be funded at the European level to
miniaturize critical components and
increase the efficiency for decreasing
the consumption.

This will be even more critical for
small RPAS where the ratio of the
sense and avoid function compared
to the possible payload weight is the
same order of magnitude. Here, using
mass production elements and devices
designed for smartphones, computers
or cameras are credible options.

The use of standards will also sim-
plify the regulatory approvals, together
with their development, their tests and
the performance validation. The use
of standards will allow the building of
representative simulation models, in
turn simplifying the integration of the
sense and avoid function in the RPAS.

The EDA will be a major player
in facilitating an industrial standard
for promoting an indigenous solution.
The RPAS expansion is being held
back by this function which is not yet
available. Moreover, when it does be-
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come available it will be more likely
be implemented in manned aircraft.
Thus, the market for this product will
not be limited to RPAS but will ben-
efit all aircraft.

For European industry, it is neces-
sary to promote innovation and com-
petiveness in high-end engineering
and technologies and to aggregate
competencies to stimulate sustainable
growth in the economy. Most of the
leading edge technical and industrial
capabilities already exist. This sense

Space-Qualified
Isolators & Girculators

and avoid function is an essential con-
dition for RPAS deployment.

Globally competitive sense and
avoid systems can — through Euro-
pean governments and industry act-
ing together — be delivered by the
European industry affordably and to
a schedule which will meet member
states’ military requirements and re-
spond to expected civil demand, thus
facilitating a real growth in RPAS
business. However, what is missing
and difficult to achieve is the stan-
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dardization (to obtain critical mass), a
stronger cooperation between indus-
tries and the political will that is re-
quired if Europe wants to be liberated
from RPAS dependencies. B
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ilters are fundamental building blocks of
Fnearly every modern RF/microwave sys-

tem, used to eliminate unwanted signals
in receiver and transmitter architectures. Until
recently, study and research in practical filter
design has been largely devoted to topologies
in which rejection of stopband frequencies is
accomplished by reflecting undesired signals
back to the source. Meanwhile, there are many
applications in which these reflections produce
intermodulation products, gain ripple and other
problems in system performance. For example,
nonlinear devices such as mixers, multipliers
and high-gain amplifiers which respond to out-
of-band frequencies are highly sensitive to the
reflections caused by conventional filter designs.
This becomes especially challenging as filters are
often needed near or adjacent to active devices
in the signal path to better define bandwidth or
suppress unwanted harmonics.

While RF system designers have used sev-
eral brute-force approaches to manage these
adverse effects, such as inserting attenuators
or isolation amplifiers around sensitive compo-
nents, these techniques are known to degrade
overall system signal-to-noise ratio (SNR) and
dynamic range. Absorption of stopband signals
has been achieved by terminating one port of a
diplexer (or all but one port of a multiplexer),
but this approach is demanding on space re-
quirements and still results in reflections due to
mismatch in the transition. Balanced filters with
quadrature hybrids at the input and output can
also be used to buffer the circuit from reflective
elements, but the bandwidth of the filter is then
limited by that of the hybrids, which makes this

technique unsuitable for broadband applications.

Thus, there is a clear need for new filter to-
pologies in RF and microwave systems in which
stopband energy is absorbed into the circuit
rather than reflected back to the source. This
need has led to advanced research and develop-
ment of a novel, patented topology' of reflec-
tionless filters, which Mini-Circuits will release
to the market for commercial use this year.

FILTER THEORY AND EXTENSIONS

The reflectionless filter topology assumes
a two-port symmetric network and is derived
based on even/odd mode analysis. This ap-
proach allows the two-port network to be di-
vided (in theory) into two single-port networks,
each of which contains half the elements of the
two-port network. In the even mode equivalent
circuit, the nodes that lie on the symmetry plane
are assigned to an open circuit, while in the odd
mode equivalent circuit, nodes that lie on the
symmetry plane are assigned to ground (or vir-
tual short). The S-parameters of the two-port
symmetrical network are therefore defined as
the superposition of the even and odd mode
reflection coefficients, such that:

S|| = 522 = I/2(]:‘Esven+ I_‘lodcl) and (I)

Su=S,= ' AL ever Tod) 2

Given the requirement that the circuit be
reflectionless, S,, must be equal to zero (nor-

malized to the characteristic impedance of the
network). It follows that:
1—‘even: - I_‘odd (3)

This condition is satisfied when the corre-
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A Fig. 1 Derivation of a lowpass reflectionless filter topology: even
and odd mode equivalent circuits that satisfy Equation 3 (a) re-
arranged elements (b) added inactive elements to achieve symmetry

(¢) and final circuit topology (d).

Passband

Full Circuit

Stopband

and steepness in
the transition. For
example, a series of
third order lowpass
I filters (the NRLP3
series) has been
developed in which
three reflectionless
; filters are nested,
each into the last.
These designs ex-
hibit steeper tran-
sitions and higher
rejection in the first
octave of the stop-
band relative to that
of first order low-
pass reflectionless
filters.
As another ex-
tension, cascading
filters are used in

[ Low Impedance Elements

A Fig. 2 Passband and stopband signal paths through the

reflectionless lowpass filter.

sponding elements of the even and odd
mode equivalent circuits are duals of
one another. The derivation of a re-
flectionless lowpass filter following this
methodology is illustrated in Figure I.

In the resulting circuit, signals in the
filter’s passband travel directly through,
from input to output. Signals in the fil-
ter’s stopband are routed directly to
the resistors, which terminate the sig-
nal internally (see Figure 2).2

Figure 3 shows the typical perfor-
mance of a single pole lowpass reflec-
tionless filter of this class. The filter
exhibits a third order inverse Cheby-
chev-type response but is distinct from
traditional filters in that the reflection
coefficient is zero for all frequencies.?
While this example shows a reflection-
less lowpass filter, the same technique
has been used to derive a wide variety
of highpass, bandpass and bandstop fil-
ters.

many  applications
to enhance stop-
band rejection or
to combine highpass
and lowpass filters
to create a bandpass
response.While cas-
cading traditional fil-
ters can introduce in-band ripple and
phase instability, reflectionless filters
can be cascaded without adding these
effects to the filter’s performance. Fig-
ure 4 compares the typical insertion
loss, return loss and group delay of a
traditional filter to that of a reflection-
less filter when cascaded. These curves
show that cascading traditional filters
creates in-band ripple, degrades return
loss and generates phase instability. By

[$21]

——
~—— —

5| )
\
\
N
-25 /!S--!V

0 1

2 3
Frequency (GHz)

A Fig. 3 Typical performance of a single
pole lowpass reflectionless filter.
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constant to facilitate modeling for PCB designers to predict
impedance and other design attributes. The software computes
changes in the effective dielectric constant due to dispersion

at higher frequencies. The software then computes the total
insertion loss—a measure of power lost through heat for power
handling calculations, including the dielectric loss, conductor
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affecting the typical power-handling capability of a material are
its thermal conductivity, the maximum operating temperature,
and the total insertion loss.

hitps://isodesign.isola-group.com/phi-calculator

www.isola-group.com/RF
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A Fig. 4 Performance comparison of traditional and reflectionless filters.

RF Signal

contrast, the reflec-
tionless filters ex-
hibit none of these
detrimental effects,
even when cascaded
in three sections.

. IF Output
*, Spectrum

PRACTICAL

APPLICATIONS
Reflectionless

filters are particu-

LO Signal

A Fig. 5 Typical intermodulation expansion due to reflections from

multiple filters.

RF Signal

larly useful for pair-
ing with sensitive
nonlinear  devices,
where traditional
filters are notori-
ously problematic.
One such case is a
filter cascaded with

""" .. IF Output
%, Spectrum

pd a mixer in the signal

chain. Mixers gener-
ate spurious mix-

ing products, higher
LO harmonics and
other unwanted sig-
nals that must be fil-

LO Signal

A Fig. 6 Minimizing the effect of intermodulation expansion by

using reflectionless filters on mixer ports.

tered out. However,
with a conventional
filter, these spurious
tones are reflected
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frequency spectrum.
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back into the mixer where they can
convert again or re-mix with the in-
tended signals to create a multitude of
unintended signals that may fall within
the desired passband (see Figure 5).
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A Fig. 7 Simulation of a mixer and filter

Reducing intermodulation prod-
ucts generated by the nonlinear mixer
has always been a design goal, and the
industry has had various levels of suc-
cess with high dynamic range FET based
mixers. However, even the best mixers
produce intermodulation products at
some level from each port which then
react with the neighboring elements in
the RF chain. When these adjacent ele-
ments are filters, the out-of-band inter-
modulation products are fully reflected
back into the mixer to recombine with
the fundamental signal and produce ad-
ditional “family members” of unwanted
spurious products. These spurious
products make their way to the output
IF, and several end up in-band, limiting
the overall dynamic range of the system.
When out-of-band reflections from fil-
ters are minimized, those “family mem-
ber” spurious products are reduced,
resulting in a net reduction of in-band
unwanted intermodulation products
and improvement in overall system dy-

; < fot] | | J < T ) namic range (see Figure 6).
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combinations sensitive to environmental
conditions as well.

The reflectionless filter, however,
causes no such effects to the mixer
performance because the spurious
mixing products are absorbed, rather
than reflected back into the mixer
where they can interfere. The conver-
sion loss curve for the mixer in this
setup not only lacks the suck-out ef-
fect shown by the traditional filter, but
is also entirely insensitive to the line

= pb E L & Dow¥Key Microwave

_—
W OO FORATION

length between the filter and the mixer.

These same properties make re-
flectionless filters suitable for use with
other types of sensitive components,
such as multiplier chains, where reflec-
tions can contribute to unwanted har-
monic multiplication and conversion
gain ripple. They have also been used
to extend the spurious-free dynamic
range (SFDR) in analog-to-digital con-
verters (ADC) by absorbing clocked
spurs before they can re-enter the

www. dowkey.com
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A Fig. 8 NR-series reflectionless filter
pinout.
ADC. Similarly, they can eliminate unin-
tended feedback in high gain amplifiers
and avoid stability problems, without
the need for additional attenuators to
buffer stopband reflections.

CONCLUSION

The development of the reflec-
tionless filter topology represents a
revolutionary advance that will enable
significant improvements in RF sys-
tem performance in many applications.
This technology solves a number of
longstanding problems related to em-
bedding filters in transmit and receive
chains. Some of the applications which
will benefit — or have already — from
replacing traditional filters with reflec-
tionless filters have been discussed in
this article, but the full scope of their
usefulness in practical applications has
yet to be realized. Mini-Circuits will
release an initial offering of 23 models
to the market, featuring first and third
order lowpass, highpass and bandpass
designs covering passbands from DC
to 21 GHz (see Table I). The filters
are fabricated on GaAs using integrat-
ed passive device (IPD) process tech-
nology and packaged in tiny 3 X 3 mm
QFN cases (see Figure 8).
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OCTAVE BAND LOW NOISE AMPLIFIERS

Model No. re% 6H2  Gain @) MIN  Noise Figure @)  Power-out@p1d8  3rd Order ICP VSWR
CA01-2110 2 1. ,0.7TY +10 MIN +20dBm  2.0:1
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20dBm  2.0:1
CA24-2111 2.04.0 29 1.1 MAX, 0.95 TYP +10 MIN +20dBm  2.0:1
CA48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
(A1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20dBm  2.0:1
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS

CAO01-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20dBm  2.0:1
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A23-3111 22-24 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 27/ =75) 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A34-2110 3.7-42 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA56-3110 54-5.9 40 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A13153110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm  2.0:1
(A34-6116 Shl 9615 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 59-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm  2.0:1
CA12137110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
CA1415-7110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
(A1722-4110  17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Fre(i GHz)  Gain (@) MIN  Noise Flgu @)  Power-out@pid 3rd Order ICP  VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TY + +20dBm  2.0:1
CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20dBm  2.0:1
(A0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1
CA02-3112 0.5-2.0 36 4.5 MAX, 2.5 TYP +30 MIN +40dBm  2.0:1
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20dBm  2.0:1
(A26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40 Bm  2.0:1
CA618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33dBm  2.0:1
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 Bm  2.0:1
(A2184116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20dBm  2.0:1
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30dBm  2.0:1
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 Bm  2.0:1
LIMITING AMPLIFIERS

Model No. Freq Gtz  Input Dynamic Range  Output Power Range Psat  Power Flatness dB ~ VSWR
(LA24-4001 2.0-4.0 -28 to +10 dBm +7 fo +11 dBm +/- 2.0:1
(CLA26-8001 2.0-6.0 -50 to +20 dBm +14 to +18 dBm +/-T5MAX  2.01
(LA712-5001  7.0-12.4  -21t0o+10 dBm +14 to +19 dBm +/-1.5MAX  2.0:1
(lA618-1201  6.0-18.0  -50 to +20 dBm +14 to +19 dBm +/-1.5 MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION

Model No. Freg (6Hz)  Gain (d8) MIN  Noise Figure (@) ~ Power-out@pid8 Gain Attenuation Range VSWR
CAQ01-2511A  0.025-0.150 21 5.0 MAX, 3. +1 30 dB MIN 2.0:1
CA05-3110A 0.55.5 8 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 2.5 MAX, T.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 25 MAX, 1.5TYP  +12 MIN 15 dB MIN 1.9:1
CA1315-4110A  13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CA1518-4110A  15.0-18.0 30 3.0 MAX, 20 TYP  +18 MIN 20dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS

Model No. Fregi 6Hz)  Gain @) MIN  Noise Figure dB  Power-out@p1d8  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1
(A001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23dBm  2.0:1
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:]
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm  2.0:1
(A002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35dBm  2.0:]
(A004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1
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Value of Global Military Satellite Market to
Increase By Over 70 Percent

ccording to a new report by Strategic Defence Intel-
ligence (SDI) the global military satellite market is

expected to grow from $5.7 billion in 2015 to $9.7
billion in 2025 — an increase of over 70 percent in value
terms. Global expenditure on military satellites will ac-
cumulate to $94.3 billion over the next 10 years. With a
share of 36 percent, intelligence, surveillance and recon-
naissance (ISR) satellites will lead the market, followed
by communications (32 percent) and navigational (31 per-
cent) satellites. “Many existing ISR satellites are about to
reach the end of their operational life cycle, meaning that
leading defense spenders need to replace these satellites in
the next five to 10 years. Moreover, satellites are an alterna-
tive to expensive UAVs or reconnaissance aircraft, which is
also driving growth,” says Bharathi Bajaj, analyst at SDI.

According to SDI, the U.S. will continue to dominate
the global military satellite market, occupying 41 percent
of the global market share
with cumulative spend-
ing of $38.4 billion during
the next decade. “The in-
creasing effort of the U.S.
- Department of Defense
billion over the next to reorient military forces
towards network-centric

10 years. warfare is driving expendi-
ture,” says Bajaj. “The U.S. is also trying to counter grow-
ing investments by countries such as Russia and China in
the military satellite sector.” Prominent programs boosting
investments include the satellite bandwidth for the UAVs,
Evolved Expendable Launch Vehicle (EELV) and MIL-
SATCOM programs.

The report also finds that manufacturers are focusing
on developing cheaper alternatives such as microsatellites
to counter the global defense budget cuts. “Microsatellites
are faster to design, develop and launch using commercial
off the shelf technology (COTS), although their reliability
and longevity are yet to be proven,” says Bajaj. Countries
such as the U.S., Russia, Israel, Japan, Brazil and China are
among those investing significantly in microsatellites.

Global spending on
military satellites will

accumulate to $94.3

GD Receives $219 M for U.S. Army’s 'l
WIN-T Increment 2 Systems U

Genera] Dynamics received the first full rate produc-
tion order from the U.S. Army to build additional
Warfighter Information Network — Tactical (WIN-T)
Increment 2 systems. The $219 million order includes the
production of more than 300 vehicle-based network com-
munication nodes along with related equipment and ma-
terials. WIN-T Increment 2 is the Army’s communications
backbone providing secure, on-the-move communications,
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mission command and situational awareness for command-
ers and their soldiers. The order allows the Army to con-
tinue fielding WIN-T Increment 2 to Army units currently
scheduled to receive the system.

“WIN-T Increment 2 puts the power of the Soldier’s
Network into soldiers hands down to the company level,
which is vitally important as the Army evolves into a more
expeditionary force,” said Chris Marzilli, president of Gen-
eral Dynamics Mission Systems. “As full-rate production
begins, our engineering
teams will continue work-
ing closely with the Army
to upgrade technology
and human-factors design,
giving soldiers a decisive
information ~ advantage
wherever they are called
to serve.”

WIN-T Increment 2 is
integrated into Mine-Re-
sistant Ambush Protected
(MRAP), High Mobil-
ity Multipurpose Wheeled
Vehicles (HMMWYV) and
Stryker vehicles. To date,
four division headquarters
and 12 brigade combat
teams have WIN-T Incre-
ment 2. The system successfully served Army units sup-
porting the Security Force Assistance Brigades in Afghani-
stan by replacing the fixed communications infrastructure
that was dismantled when the U.S. military closed its oper-
ating bases. Last summer, WIN-T provided the ‘communi-
cations grid’ for humanitarian operations responding to the
Ebola epidemic in West Africa.

WIN-T Increment

2 is the Army’s
communications
backbene providing
secure, on-the-move

communications,
mission command‘and
situational"awareness
for commanders and
their soldiers.

Raytheon Completes Milestones on Path to
Production-Ready GaN-Based AESA Patriot

ilitaries of the future will soon have access to a sin-

Mgle radar capable of protecting troops” backs from

threats such as ballistic and cruise missiles, and

Visit mwjournal.com for more defense news
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drones. Raytheon Co. recently completed a series of mile-
stones, bringing the combat-proven Patriot Air and Missile
Defense System with 360-degrees of coverage, one step
closer to production readiness.

The milestones involve upgrading the Patriots radar
main array with gallium nitride (GdN) Active Electronically
Scanned Alm\ (AE& A) technology. Completion of those mile-
stones keep Raytheon engineers, who are currently building a
GaN-based AESA full size main panel radar array, on track to
having the system up and running in early 2016.

A GaN-based AESA radar l)eneﬁts ‘netted sensors, and
gives Patriot greater capability and reliability w hile signifi-
cantly reducing operations and sustainment costs,” said Ralph
Acaba, vice plesldent of Integrated Air and Missile Defense at

Raytheon’s Integrated Defens ems business. “Raytheon
recognizes how nnpommt this capability is for the wx arﬁ(fhtel
and is imy estm(’ its own resources to bnn(r Patriot’s GaN bdsed
AESA radar to the point where it can enter engineering and
manufacturing dev (]opm(nt with low risk.”

The main AESA array is a bolt-on replacement antenna
that measures roughly 9 feet wide x 13 feet tall, which is
oriented toward the primary threat. Patriot’s new rear panel
arrays, which are a quarter the size of the main array, let the
sy stem look behind and to the sides of the main array, en-
abling Patriot to engage threats in all directions. Earlier this
year, Ra\ﬂleon built a GaN-based AESA Patriot rear-panel
array, 111tedmted it with the current Patriot radar using the

SIZE MATTERS
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existing, recently modern-
ized, backend processing
hardware and software,
and tracked targets of op-
portunity to seamlessly
create a 360—(1egree view.

The milestones accom-
plished to date include fabn'-

cating the main radar array’s

§11p€1§’(1’11(t1116 and com-
pleting development work
on the power and cooling
subsystems. In the months
ahead, additional upgrades
will focus on integrating the
subsystems and pOpllldﬁnﬂ' the array superstructure with GaN-
based transmit-receive line leplacedble units (TRLRU). The
GaN TRLRUs are the heart of the radar, are identical to the
ones used for the rear-panel arrays, and are made in the same
Massachusetts-based GaN foundry currently producing GaN
chips for Navy and Air Force defense Sy stems.

The GaN-based AESA Patriot radar will work with an
open-architecture common command and control (CC2)
node and retain backwards compatibility with the current
Patriot Engagement Control Station. The CC2 node will
be fully mtelopelable with NATO and the Integrated Air
and Missile Defense Battle Command System.

ESPECIALLY
IN ATE RACKS

“A GaN-based
AESA radar benefits
netted sensors, and
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MoD Looks to SMEs and Academics to
Shape Military Communications

he UK Ministry of Defence (MoD) has launched Proj-
Tect MORPHEUS to develop and consider options to

replace the current Bowman communications system
and meet the requirements of the British Army, Royal Ma-
rines and RAF Regiment. It is seeking anyone involved in ar-
eas such as telecommunications, wireless, IT, networks and
security —as well as trainers in these areas — to feed expertise
and ideas on new technological approaches into the project
whether working in the defence or commercial world.

The MORPHEUS Systems House — led by PA Con-
sulting with QinetiQ, Roke Manor Research and CGI — is
tasked with drawing together different ideas into poten-
tial options, so those with partial solutions and research
are strongly encouraged to submit them. MORPHEUS
provides a way for academics and businesses, especially
small to medium enterprises (SME), to inform the future
of communications, as well as presenting significant long-
term business opportunities for innovators in this area.
Companies wishing to register an interest can do so via the
MORPHEUS website.

The range of options, outlining which technologies and
software are needed to get information from point A to
B securely, will be addressed, with the most appropriate
long-term business models (acquisition and operating).
The selection process will take into account security, speed
of communication, range, ease of use and cost — both of
deployment and manpower required for operation.

These options also
need to plan for the pace
of change of operational
demands and technical
development. They must
reflect a capability to se-
curely integrate new tech-
nologies as they come onto the market, including commer-
cial technologies. The selected option(s) will form the basis
for MoD competition for design of the new system.

Rick Mather, project lead for MORPHEUS at QinetiQ
said, “We know there are lots of really exciting technology
and security SMEs, as well as academics, doing exactly the
kind of research and innovation this project needs. We also
know a lot of them think that these kinds of contracts always
go to the same old defence companies. That’s not the case
here, we're really open to innovative, and even unusual solu-
tions to ensure that the final options are the best possible.”

University of Warwick Eyes Potential of
Terahertz Sensor
Anew type of sensor, that is said to be much faster than

competing technologies used to detect and identify
hidden objects, has been developed by scientists at
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the University of Warwick, UK. Called ‘Q-Eye’, the inven-
tion senses radiation across the Terahertz (THz) spectrum.
It works by detecting the rise in temperature produced
when electromagnetic radiation emitted by an object is ab-
sorbed by the Q-Eye sensor, even down to the level of very
small packets of quantum energy (a single photon).

The device could help address the weaknesses reported
in July in America’s airport security, where mock weapons
and explosives were smuggled through airports, undetected
in 95 percent of cases. It may also prove useful in discover-
ing concealed goods in the
retail industry or for non-
destructive  monitoring.
Other applications include
astronomical and climate
science observations and
medical diagnosis.

Professor Evan Parker
of Warwick University’s
Nano-Silicon Group,
Physics Department commented, “We were very surprised
when our first very crude prototype showed such impres-
sive speed and detection performance and our initial cal-
culations indicated world-beating detector capability — all
this and using silicon.”

Made using standard silicon processes, large numbers
of detector chips containing designs matched to a particu-
lar application can easily be fabricated on large (300 mm)
wafers with great uniformity, which is claimed to set it
apart from existing technologies.

The patented device involves a thin film of aluminium
deposited on top of a silicon layer placed under strain, used
to create an electronic cooling (e-cooling) process. The
electrons in the silicon layer are so isolated from the silicon
lattice they become highly sensitive to incoming radiation.
This e-cooling process is the secret to Q-Eye sensor’s ex-
ceptional performance, enabling fast imaging and material
identification.

“...our initial

Bell Labs and Technische Universitit
Dresden Collaborate on 5G

ell Labs, the industrial research arm of Alcatel-Lu-
Bcent has become a research partner of the Technische

Universitit Dresden’s 5G Lab Germany. Under the
research collaboration agreement the two organizations
will develop and test technologies that will help to define
the capability of 5G mobile networks in meeting the mas-
sive connectivity demands of the future, with the high-per-
formance required by end-users.

Opened in September 2014, the 5G Lab Germany
brings together 20 professors from the Technische Uni-
versitit Dresden with more than 500 scientists. It is a
recognized technology consortium and industry leader in
the collaborative effort required to develop and deliver
5G networks. It comprises four separate tracks which al-

Visit mwjournal.com for more international news
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low members to focus on areas of
interest, while providing a holis-
tic view of 5G networks. As a new
member of the 5G Lab Germany,
Alcatel-Lucent will initially focus
its research efforts on the Wireless
& Networks track of the program.

The Alcatel-Lucent collaboration with 5G Lab Germany
will initially focus on two sectors. The first is the use of mul-
tiple device-to-radio connections to enhance reliability for
mission-critical communications. Studies will investigate
how network capacity and reliability could be enhanced by
connecting a device like a smartphone to multiple radios si-
multaneously. It will focus on how multiple 5G radio links
or a combination of 5G and 4G LTE radio links could en-
hance reliability for mission-critical communications, where
disruption to the network will cause a failure in operations.

The second area is the definition of a 5G air interface
where the organizations will jointly analyze new air inter-
face — or radio frequency link — proposals for 5G concept/
prototype networks and propose them in the upcoming
5G standardization process. The newly-developed Bell
Labs Universal Filtered-Orthogonal Frequency-Division
Multiplexing (UF-OFDM) waveform for 5G networks is a
leading contender for standardization and will enable en-
hanced performance and new services, while dramatically
increasing the number of users (both human and machine)
as well as reduce the complexity of 5G networks.

Infineon Heads Three European
Electromobility Research Projects
The European Commission is launching three new

research projects aimed at making electromobility

cheaper, more efficient and more reliable in order to
facilitate more environmentally-friendly vehicles on Eu-
rope’s roads. Europe will be the site for the continued de-
velopment and production of electric vehicles under these
projects, which will be headed by Infineon Technologies
and run until 2018.

As aresult of the three research projects 3Ccar, OSEM-
EV and SilverStream, electrical systems used in electric ve-
hicles will benefit from being approximately one-fifth more
compact and lighter, their range improved, and their cost
lowered by about 25 percent. The three projects will col-
laborate to research and develop environmentally-friendly,
safe and robust electric vehicles. The entire automotive
value chain is contributing to this effort, from chip produc-
ers to car manufacturers.

With a research budget of €54 million the Integrated
Components for Complexity Control (3Ccar) project in-
volves 48 partners from 14 countries are participating in
the 3Ccar Project. Twelve partners are involved in the Op-
timised and Systematic Energy Management in Electric
Vehicles (OSEM-EV) project, which has a research budget
€8 million, while ten partners from five countries are in-
volved in the €4.5 million SilverStream project.

spectrum Compact
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Demand Rising in Millimeter Wave Bands

for Mobile Backhaul

TE network expansion across different regions is driv-
Ling the acceleration of LTE mobile adoption world-

wide. According to ABI Research, in 2014, the global
LTE subscriber base increased threefold from 2013 to 628
million. “Increasing LTE adoption combined with growing
adoption of smartphones, tablets and bandwidth hungry
applications is continuously putting pressure on the capac-
ity of backhaul networks across different markets,” com-
ments Jake Saunders, VP and practice director of Core
Forecasting.

In many countries, telecommunication regulators are
considering efficient allocation of spectrum for mobile
backhaul. Many are in the process or have completed the
consultation with telecom operators for spectrum planning
for mobile backhaul. The selection of backhaul network
solution, whether it is fixed or wireless and the topology
and spectrum bands for the backhaul links, vary market to
market based on the sev-
eral conditions and the
capacity requirements by
each market.

While fiber-optic is an
attractive medium to sup-
port high capacity back-
haul links, it is not the
best solution in a number
of scenarios, due to its
cost and time required to
install. “Microwave spec-
trum bands are still the most widely used for backhaul links
and equipment vendors are also providing various solu-
tions to enhance the capacity of microwave backhaul links.
Based on ABI Research’s backhaul spectrum data analy-
sis, microwave spectrum bands will remain the important
option for mobile backhaul links,” says Khin Sandi Lynn,
industry analyst.

Spectrum bands in the sub 20 GHz bands are increas-
ingly experiencing congestion—a number of countries
have taken steps to make the spectrum in the higher bands
available for backhaul use. Millimeter waves (mmWave),
which include V-Band (60 GHz) and E-Band (70/80 GHz),
are proving of interest to operators for small cell backhaul
deployment. ABI Research expects a combination of fiber-
optic and mmWave will represent approximately half of
total backhaul links in 2019.

A combination of
fiber-optic and
mmWave will represent

approximately half of
total backhaul links in
2019.

Mobile Data Traffic Growth Built on
Emerging Market Strength
Mobile operators in developed markets experiencing

a slow-down in traffic growth may want to look to
emerging markets for ideas on unlocking growth in
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more cost-conscious segments. According to the Strategy
Analytics’ Wireless Operator Strategies report, “77 Percent
Mobile Data Traffic Growth in Q1 as Emerging Market
Momentum Builds,” micro-bundles for data, device and
data plan combinations,
and affordable smart-
phones have a role to play
in any cost-conscious cus-
tomer segment, irrespec-
tive of location.

These findings are
based on data from Strat-
egy Analyticss Wireless
Operator ~ Performance
Benchmarking database, which tracks the financial and
operational performance of 247 active wireless operators,
which collectively account for 80 percent of the world’s cel-
lular subscriptions. Other key findings of the report include:
* The top operators in terms of traffic growth in Q1 2015

were AIS Thailand (192%), Geocell Georgia (176%),

Play Poland (163%), Indosat Indonesia (159%) and

China Mobile (158%).

* 2G traffic growth is still strong in India, where low-cost
smartphone models remain in use. 2G accounted for
44% of total data traffic at Idea Cellular in Q1 2015 and
recorded 68% annual growth, compared to the 135%
growth seen on Idea’s 3G network.

e 4G is dominant in markets such as the U.S., where Veri-
zon Wireless saw 86% of its traffic on the LTE network,
and South Korea, where operators carried 96% of their
data traffic on 4G.

e Advanced 4G markets reported slower traffic growth in
Singapore (25%) and Hong Kong (34%).

These results are in line with the 26 percent growth in U.S.
mobile data traffic recently reported by the CTIA for 2014.

Advanced 4G
markets should

look todeveloping
economies for growth
ideas.

U.S. Wireless Market to Add 100 Million

Subscribers by 2020
T he U.S. wireless market has entered into a new phase,

evolving from voice to text to data and now to constant
connectivity and what you do with it—according to
the Strategy Analytics Wireless Operator Strategies (WOS)
service report, “U.S. Wireless Outlook: Can T-Mobile and

Sprint Disrupt AT&T and Verizon Wireless?”

With fewer new subscribers to sign up for wireless ser-
vice for the first time, carriers have focused on transition-
ing consumers to smartphones, 4G LTE and monetizing
their data use. Now carriers are focusing on adding value
and content as they jockey for position.

Key findings:

e While growth has slowed, nearly 100 million wireless
connections (including consumer electronics connec-
tions but excluding M2M) will be added through 2020,
reaching a 128 percent penetration rate (of the U.S.
population).

Visit mwjournal.com for more commercial market news
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* Mobile service revenue will grow 0.2 percent to reach LTE Capable Antennas Push Market
$197 billion in 2020, up slightly from $195 billion in
2015, spurred by a 5.7 percent growth in prepaid ser- Towards $4B _
vice revenue and 3.3 percent growth in data revenues. he g.lobal market fqr LTE capablfls antennas .for wire-
e Verizon Wireless and AT&T are diversifying their rev- ¥ess infrastructure, 1nc1ud1ng passive and acFlve types,
enue streams but will remain strong leaders, even as is set to reach almost $4B in 2015, according to the

challengers T-Mobile USA and Sprint gain ground. latest for ecast from ABI Research. .

* No major shifts are anticipated in market share among I\/£ult1—band antennas are the hot segment of this mar-
the top four carriers, as T-Mobile has already surpassed ket. LTE dqes not h.ave the formal spectrum standa.rdlza-
Sprint in terms of total subscribers by mid-2015. The tion of previous air mterfaf:es Sufh as 3G, according to
wholesale/MVNO/reseller market will gain a slightly research director Lance Wilson, “so multi-band antennas
higher percent of net adds over the next couple years. that can operate over a number of different frequency slots

offer a solution to the problem of rapidly growing LTE
U.S. Retail Wireless Subscription Market Share wireless data traffic.”
5% Active antennas are certainly part of the overall mix but
T their cost—other than remote electrical tilt antennas (RET)—
30% has certainly limited market penetration for now. The an-
e s eSS tenna vendor ecosystem is slightly unusual in that there
AT&T Mobility

are multiple tiers and many participants. The bulk of these
vendors are small companies that command only fractional
percentages of the total available market. ABI Research be-
lieves that some market consolidation is likely. The scenario

2% Sprint
T-Mobile
Others

MVNO/Resellers

15% [

10%

bedt b

5% for active antennas is a bit different, with antenna manufac-
turers normally partnering with equipment builders.

Has 4G provided stimulus to the antenna market?
“LTE-capable antennas are now driving overall market
Source: Strategy Analytics grOWth,” says Wilson, “and this scenario should continue
over the next few years.”
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Aroundthe Circuit
Barbara Walsh, Multimedia Staff Editor

MERGERS & ACQUISITIONS

Keysight Technologies announced its Netherlands sub-
sidiary will acquire the entire issued and to be issued ordi-
nary share capital of Anite, a U.K.-based leading supplier
of test and measurement solutions to the international
wireless market. At 126 pence per share, the acquisition
values Anite (on a fully diluted basis) at approximately
£388 million (US$606 million based upon an exchange rate
of 1.56 USD:GBP). This cash acquisition has been unani-
mously recommended by the board of directors of Anite.

API Technologies Corp., a provider of high performance
RF, microwave, millimeter wave, power and security solu-
tions announced the successful completion of its acquisi-
tions of Aeroflex/Inmet Inc. and Aeroflex/Weinschel
Inc. from Cobham plc for a total purchase price of $80
million. Combined, Inmet and Weinschel generated reve-
nue of $51.4 million and EBITDA margins over 20 percent
for the year ended December 31, 2014. The closing of the
acquisition of Inmet and Weinschel adds breadth to APT’s
RF, microwave and microelectronics product portfolio,
extends the company’s subsystems offering and furthers
APTs reach in key end markets, including defense, space,
commercial aviation and wireless.

NXP Semiconductors N.V. announced an agreement to
sell its RF power business to Jianguang Asset Manage-
ment Co. Ltd. Under the terms of the agreement JAC
Capital will pay $1.8 billion for the business. The NXP RF
power business is one of the market leaders in high perfor-
mance RF power amplifiers primarily focused on the cel-
lular base station market, but with potential future growth
applications in the areas of industrial lighting, next genera-
tion cooking and automotive electronic ignition systems.

GLOBALFOUNDRIES has completed its acquisition of
IBM’s Microelectronics Business. With the acquisi-
tion, GLOBALFOUNDRIES gains differentiated tech-
nologies to enhance its product offerings in key growth
markets, from mobility and Internet of Things (IoT) to
big data and high-performance computing. The deal
strengthens the company’s workforce, adding decades of
experience and expertise in semiconductor development,
device expertise, design and manufacturing. The addi-
tion of more than 16,000 patents and applications makes
GLOBALFOUNDRIES the holder of one of the largest
semiconductor patent portfolios in the world.

COLLABORATIONS

Cobham AvComm, formerly Aeroflex AvComm busi-
ness unit, has announced an agreement with Tait
Communications to provide automated test capabilities
for Tait P25 series radios on the Cobham 3920B Digital
Radio Test Set. Initial test capabilities will be focused on

For More
Information

64

the Tait TP9100 and TM9100 series radios. The program
will be later expanded to provide automated testing of Tait
TP9400 and TM9400 series radios. With a proven track re-
cord for speed and accuracy, this application uses the pre-
cision instrumentation with the 3920B to quickly perform
automated tests to specifications defined by the manufac-
turer.

Exelis has signed agreements with four Federal Aviation
Administration (FAA) designated unmanned aircraft
systems test sites for airspace situational awareness and
research. The research will focus on using the Exelis
Symphony® RangeVue™ sense-and-avoid tool towards
safe integration of unmanned aircraft into the national air-
space system. Under the terms of the agreements, the test
sites will gain valuable real-time and historical situational
awareness of the range airspace via Symphony RangeVue,
while Exelis gains critical product feedback through opera-
tional usage.

POET Technologies Inc. signed a contract with BAE
Systems under which BAE Systems will provide non-ex-
clusive third-party foundry services in support of the com-
pany’s “Lab-to-Fab” transition plan. The current phase
of the work will be performed between March 2015 and
August 2015. Key objectives of the collaboration include
process transfer, prototype builds and design enable-
ment kit development. Using BAE Systems” ISO certified
manufacturing facility will improve the quality, process
control and analytical capacity of prototype builds. The
result will be both a more manufacturable process and im-
proved optimization of the device structures in the planar-
opto-electronic technology.

NEW STARTS

Pasternack Enterprises Inc. recently launched two new
eCommerce websites, one in China and one in Japan, pro-
viding engineers and component buyers in those countries
easier access to the largest selection of in-stock and ready-
to-ship RF products. With the recent launch of www.pas-
ternack.cn and www.pasternack.jp, Pasternack has greatly
expanded its reach into two key Asian markets for RF
components. Both websites are translated into the local
language and offer local eCommerce options, previously
not available from the company’s U.S. website, Pasternack.

com.

ACHIEVEMENTS

Five Arlington, Texas Independent School District seniors
gave their final project reports marking the completion
of their high school engineering internship at Lockheed
Martin’s Aeronautics business. Upon their high school
graduation, they will become college interns for the sum-
mer. Lockheed Martin developed the program in partner-
ship with Arlington ISD as part of its efforts to prime the
pipeline for engineering talent. In addition to a mature in-
ternship program, Arlington ISD incorporates the Project
Lead the Way engineering curriculum in its schools. Proj-
ect Lead the Way is a nationwide experiential engineering

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

curriculum designed to spur interest in science, technol-
ogy, engineering and math.

TRM Microwave of Bedford, N.H. has been certified as a
woman-owned small business. The decision to transfer the
future of TRM, a major supplier of defense-related passive
RF components, from Anthony Tirollo to current CEO
Wendy Tirollo coincides with the company’s 45th anniver-
sary. Wendy Tirollo joined TRM in April 1994 and played
a key role in the company’s initiative to become one of the
first RF manufacturers to achieve ISO certification, where
she was exposed to all aspects of the business.

CONTRACTS

The Missile Defense Agency awarded Raytheon Co. an
undefinitized contract action for a fiscal year 2015 contract
valued at $559 million for Standard Missile-3 Block IBs,
which are guided missiles used by the U.S. Navy to pro-
vide regional defense against short to intermediate range
ballistic missile threats. Under this contract action, which
was announced April 30 by the Department of Defense,
Raytheon will deliver an initial quantity of 44 Standard
Missile-3 Block IB all-up rounds and provide the work re-
quired to produce and deliver the third stage rocket motor
reliability growth and design enhancements.

Teledyne Technologies Inc. announced that its subsid-
iary, Teledyne Brown Engineering Inc., was awarded the
Target Execution, Asset and Material Development, Le-
thality Testing and Analysis (TEAM DELTA) Task Order
with the U.S. Army Space and Missile Defense Com-
mand/Army Forces Strategic Command (USASMDC/
ARSTRAT) under the Test Execution Services and Launch
Augmentation (TESTLA) contract. This task order under
an indefinite delivery, indefinite quantity contract has a val-
ue of up to $67.4 million over a period of 36 to 48 months,
depending on the exercise of contract options.

Harris Corp. announced a one-year, $10 million follow-
on production contract for its portion of production of
the Small Tactical Terminal, a co-developed product with
ViaSat. This latest award brings the overall contract value
for Harris to more than $25 million since 2010. The Small
Tactical Terminal (STT) was jointly developed by ViaSat
and Harris, to enable soldiers at the tactical edge of the
battlefield to access real-time situational awareness, loca-
tion, and command and control information using a sin-
gle radio terminal sized to fit space-constrained, mobile-
ground and light-aircraft platforms.

Mercury Systems Inc. announced that it has been award-
ed a $7.1 million indefinite quantity/indefinite delivery
(IDIQ) contract by the U.S. Naval Warfare Center,
Crane Division (NSWC) to supply advanced radio fre-
quency (RF) tuners, digital receivers and related equip-
ment to be used as spares during the installation of the
AN/SLQ-32(V)6 electronic countermeasure system on
U.S. Navy and Coast Guard ships. Work will be performed
at the company’s headquarters in Chelmsford, Mass., and
is expected to be complete by May 2020. The AN/SLQ-
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32(V)6 was developed as part of the Navy’s Surface Elec-
tronic Warfare Improvement Program (SEWIP), which is
an upgrade to the AN/SLQ-32 electronic warfare anti-ship
missile defense system.

PEOPLE

Anaren Inc. has named David E. Kopf
as the new president of the company’s
Space & Defense Group. Most recently,
Kopf was vice president of engineering
and operations at Astronics Aerosat,
based in Amherst, N.H. Prior to that, he

held executive, business development

and engineering management posts at
Cobham Defense Electronics, Tyco
Electronics M/A-Com, and Sanders (a
Lockheed Martin Company) and BAE. Kopf earned his
MBA at New Hampshire College, his BSEE (with a minor
in economics) from Case Western Reserve University, and
his MSEE in Microwave Engineering from the University of
Massachusetts.

A David E. Kopf

Microwave Journal welcomes Jacque-
line Williams as event coordinator, a
- new position that was created based on
. MWT’s expanding event portfolio. She
will coordinate activities around the Eu-
. ropean Microwave Week event, EDI
| CON China and our newest launch,

- EDI CON USA as well as manage Mi-
A Jacqueline Williams crowave ]oumal’s participation  at
various industry exhibitions. Williams
recently graduated with an M.S. in Organizational and Pro-
fessional Communication from Regis College, where she
also gained experience in planning and organizing events as
programming and leadership coordinator.

REP APPOINTMENTS

Digitaltest Inc., global provider of advanced in-circuit
test, flying probe and process software solutions announced
that it has appointed Torenko Associates as its exclusive
manufacturers’ representative for the Texas and Mexico
regions. Torenko Associates will represent Digitaltest’s
complete product line in Texas, Mexico, Oklahoma, Ar-
kansas and Louisiana. Headquartered in Sunnyvale, Texas,
Torenko Associates has a team across the U.S. and Mexico
dedicated to helping its customers make the right decision.

DiTom Microwave has signed up Chesapeake Ad-
vanced Technologies for exclusive representation in the
Mid-Atlantic States to include Maryland, Delaware, Vir-
ginia, West Virginia, Washington D.C., South New Jersey
and Eastern Pennsylvania.

Custom MMIC announced the appointment of JS
Commtech as its new technical representative covering
the country of Korea. S Commtech was founded in 2006
and has an established team of technical sales professionals
offering state-of-the-art components and related technolo-
gies of the RF/microwave and wireless markets.
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Electro Rent and Anritsu Co. announced that the two
companies have signed a formal agreement whereby Elec-
tro Rent is a preferred reseller for Anritsu test solutions
throughout the United States and Canada. Under terms
of the agreement, industry-leading Anritsu benchtop and
field instruments will be available through Electro Rent.
In other news, Electro Rent and ART-Fi have announced
that Electro Rent is now the sole provider of the ART-
MAN SAR measurement system. The ART-MAN, which
reduces SAR testing time from weeks to days, will be used
by North American test labs, and wireless equipment and
design manufacturers.

Cobham AvComm, formerly a division of Aeroflex and
manufacturer of advanced test solutions for military
and commercial aviation, along with military and com-
mercial radio test solutions, announced the selection
of Integrated Procurement Technologies (IPT) as
a global stocking distributor partner. This new stocking
agreement allows IPT to stock and sell pre-determined
items globally. Cobham AvComm selected IPT due to
their reputation in providing quality sales, service and
support service worldwide. IPT provides a one-stop so-
lution that includes sales, ITAR compliance, and cus-
tomer support to the military and commercial interna-
tional market space.

PLACES

Skyworks Solutions announced that it is opening a state-
of-the-art design center and laboratory facility in San
Diego, Calif. The design center will focus on the develop-
ment of leading edge technologies targeting 4G/5G proto-
cols and the Internet of Things. Skyworks” design center
was slated to become operational in July and is strategi-
cally situated to enhance collaboration among Skyworks’
design centers in Newbury Park and Irvine, Calif., its ad-
vanced packaging team in Irvine, its manufacturing facility
in Mexicali, Mexico as well as its filter joint venture with
Panasonic in Japan, which designs and produces innovative
RF filters and duplexers.

Haigh-Farr increases its in-house environmental testing
capabilities with the construction of a dedicated facility ad-
jacent to its existing building. The first phase of the project
hosts state-of-the-art vibration equipment that tests both
shock and vibration limits on antenna designs, with addi-
tional testing capabilities planned for later in the year. The
new facility will initially focus on vibration and shock test-
ing. When completed, the new environmental test facility
can grow to 40,000 square feet, giving Haigh-Farr the ca-
pacity to take a project from virtual simulation design and
manufacturing through to final physical testing. This gives
the company the ability to serve its customers better by
offering tighter quality-control protocols and faster turn-
around times for successful project completion.

2 MPI CORPORATION
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GVA AMVPLIFIERS
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GVA amplifiers now offer more options and more capabilities
to support your needs. The new GVA-123+ provides ultra-
wideband performance with flat gain from 0.01 to 12 GHz, and
new model GVA-91+ delivers output power up to 1W with power
added efficiency up to 47%! These new MMIC amplifiers are
perfect solutions for many applications from cellular to satellite and
more! The GVA series now covers bands from DC to 12 GHz with

*Low frequency cut-off determined by coupling cap.
For GVA-60+, GVA-62+, GVA-63+, and GVA-123+ low cut off at 10 MHz.
For GVA-91+, low cut off at 869 MHz.

NOTE: GVA-62+ may be used as a replacement for RFMD SBB-4089Z2
GVA-63+ may be used as a replacement for RFMD SBB-50892
See model datasheets for details

various combinations of gain, P1dB, IP3, and noise figure to fit your
application. Based on high-performance InGaP HBT technology,
these amplifiers are unconditionally stable and designed for a
single 5V supply in tiny SOT-89 packages. All models are in stock
for immediate delivery! Visit minicircuits.com for detailed specs,
performance data, export info, free X-parameters, and everything
you need to choose your GVA today! US patent 6,943,629
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European Microwave Week

For complete coverage of the EuMW conference, event news, exhibitor product
information and special reports from the editors of Microwave Journal, visit our
online show daily at www.mwjournal.com/eumw2015.

elcome to Paris, La
Ville Lumiere — the
City of Light — where
the spotlight will fall on the RF and
microwave industry when the Palais
des Congres de Paris stages the 18th
European Microwave Week from 6 to
11 September 2015. During the week
the focus will be on the three confer-
ences: the 45th European Microwave
Conference (EuMC), the 10th Euro-
pean Microwave Integrated Circuits
Conference (EuMIC) and the 12th
European Radar Conference (Eu-
RAD), together with the European
Microwave Exhibition and affiliated
workshops and short courses.

The motto for 2015 is “Freedom
through Microwaves,” which addresses
the concept of modern living, where
microwave technologies are opening up
new frontiers that will govern how indi-
viduals and objects communicate, sense
and move. In particular, there is major
interest in the development and evolu-
tion of the “connected humans” concept,
where there is potential for the micro-
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wave community to play a significant role
as we look towards Horizon 2020.

Technologically, connecting hu-
mans may be relatively new but Euro-
pean Microwave Week has been doing
so on a personal level for many years,
priding itself on building relationships
between academia and industry, the
young and the more experienced and
across continents. Such interaction is
epitomized by the Welcome Recep-
tion on Tuesday evening, which pro-
vides networking opportunities and
a convivial atmosphere that actively
encourages delegates and industry to
interact and socialize.

On Wednesday evening socializing
will move from the Palais des Congres
to the River Seine for a cruise, includ-
ing a cocktail reception on board a
charming Paris Béteaux Mouches,
which will tour the Paris landmarks
after dark. Mixing business and plea-
sure can be enjoyed throughout the
week through the strong calendar of
social events.

Not content with just land and wa-
ter, EuMW 2015 will also offer the
opportunity for attendees to discover

space, as it is a major focus for the
event and the subject of key presenta-
tions. For example, the opening ses-
sion on Tuesday morning will feature
two keynote lectures when Bruno Le
Stradic from Airbus DS Space Sys-
tems will consider: “Space Antennas
on Satellites, for Telecommunications
and Earth Observation Missions: Past
Evolutions and Future Trends.” He
will be followed by Laurent Phalippou
from Thales Alenia Space (TAS) who
will present: “30 Years of Innovation
in TAS Radar Altimetry Product Line
for Earth Climate Monitoring.”

During the EuMW closing ses-
sion, Clément Dudal and Céline Lo-
isel from the French Space Agency
(CNES) will consider the ESA/CNES/
DLR Rosetta mission, which success-
fully reached the 67P Churyumov-
Gerasimenko comet after a 10 year
journey. They will offer an insight into
the embedded RF electronics, which
led to the success of the mission.

Not forgetting the Defence, Secu-
rity and Space Forum, which will take
place on Wednesday, 9 September,
and feature executives from indus-
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try, academia, the military and space
agencies. This year the focus will be
on the design and deployment of RF
systems for unmanned aerial vehicles.
More information on the Forum can
be found on page 90.

Paris is renowned for glamour, so
it is appropriate that the well-estab-
lished Women in Engineering event,
co-sponsored by the IEEE MTT-So-
ciety, will include a panel session fo-
cused on exploiting microwaves in the
area of fashion (fashionable and wear-
able technology), arts and gastronomy
that will end with a guided tour of a
fashion workshop.

The catwalk where the latest RF
and microwave trends and innovations
can be found will be at the Europe-
an Microwave Exhibition. The show
floor offers a platform for companies
from Europe and across the globe to
demonstrate the developments they
are making and the products they are
producing that will enable engineers
to design, develop and fulfill their
goals. The exhibition spans the middle
of the week from 8 to 10 September,
with 265 exhibiting companies taking
up 9460 square metres of gross space
on Level 1 of the Palais des Congres.

The exhibition will also be the
home of the conference poster ses-
sions and coffee breaks, feature the
Publishers Corner and the ever
popular Cyber Café, as well as being
the location for the European Micro-
wave Week Microwave Application
Seminars (MicroApps). MicroApps
will take place in the MicroApps Au-
ditorium on the show floor the entire
three days of the exhibition, offering a
platform for education and discussion.

Maintaining EuMW’s commitment
to education and the development of
young engineers, two student compe-
titions will take place during the week.
The Student Challenge, sponsored by
Thales Nederland B.V,, is a competi-
tive event where teams of bachelors,
master’s and doctoral students are in-
vited to propose an appealing topic or
idea in the wide and challenging field
of microwaves, inspired by papers
presented at EuMW. The Student
Design Competition involves mas-
ter's and doctoral students designing
and measuring a piece of equipment
developed during the conference. It
is sponsored by Cobham Aerospace

European Microwave Week

Communications, with measurement
facilities provided by Keysight Tech-
nologies.

The Career Platform continues,
with the aim of fostering the dynamic
between young researchers, engineers
and the job market within the field of
microwaves. A dedicated area will be
reserved for sharing and exchange,
and new special sessions will be held
on industrial market analysis, career
development and recruitment strate-
gies. EUMW 2015 will also launch a
unique e-platform initiative with the
ambition of offering the RF and mi-
crowave community a job portal on a
European scale.

Putting together such a major
event is never easy, but the 2015
EuMW team faced the added compli-
cation of finding a suitable alternative
venue at the eleventh hour and had
to bring the schedules forward to ac-
commodate an early September time
slot. Bringing this to f{ruition, from
paper submission and review to the
on-site organization at the venue, has
been a major undertaking. So, on be-
half of the local organizing committee,
we would like to thank the technical
programme committees of the three
conferences, along with the review-
ers who worked tirelessly to shape the
conference programmes. We would
like to acknowledge the EuMA board
for its continued advice and guidance
and thank the Horizon House person-
nel assigned to EuMW for their in-
dispensable expertise and support in
organizing this major event. Recogni-
tion should also go to the organizers
of workshops, special sessions and stu-
dent events and we also acknowledge
the significant financial and in-kind
sponsorship of many industrial com-
panies and organizations.

We hope and expect La Ville Lu-
mieére to be illuminating on all levels
and we look forward to seeing you in
Paris.

Hervé Aubert Ivar Bazzy
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he gourmet capital of the world, Paris

isTenowned for its delicious food and

fine wines. In early September the
city will also serve up a mouth-watering array
of technology and innovation as the Palais des
Congres plays host to the 18t European Mi-
crowave Week. The event has been organized
to satisfy the appetite of its global attendees
and visitors eager to learn about and discuss
new developments, view the latest products
and take the opportunity for professional and
personal networking. Not forgetting, too, the
opportunity to taste the delights of a sophisti-
cated, vibrant and diverse city.

But, just what is on the European Micro-
wave Week menu this year? The offering is
quite substantial, covering six days and con-
taining three cutting edge conferences and
one extensive trade and technology exhibition
featuring leading players from across the globe.

Around 1,000 papers were submitted for
review to the three conferences from more
than 50 countries. The technical programme
includes 86 technical sessions, 424 oral pa-
pers and 96 posters, five special sessions and
seven focused sessions. The global reach and

influence of EuMW is illustrated by the fact
that the opening and closing plenary sessions
of each of the three conferences will feature
keynote lectures delivered by internationally
renowned leaders in their respective fields.

Firmly established as the premier RF and
microwave event in Europe, EuMW 2015 is
expected to attract in the region of 1,600 con-
ference delegates, around 3,500 attendees,
with the exhibition featuring over 265 exhibit-
ing companies, spread over about 9,460 square
metres (gross).

A vital ingredient of European Microwave
Week is its endeavour to create a structure and
atmosphere that encourages industry and aca-
demia to network and interact — not only dur-
ing the conference sessions, workshops and on
the show floor, but also socially in the form of
the ever popular EuMW Welcome Reception.
On Tuesday, 8 September, the reception will
be held in Espace Maillot, Level 2 of the Pal-
ais des Congres. The evening will begin with a
cocktail reception at 18:30, when guests will be
addressed by the 2015 EuMW chairman, who
will hand over to the 2016 EuMW chairman for
London, followed by Platinum Sponsor Key-
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sight Technologies, after which a three
course seated buffet for 1,000 people
will be served.

Although convivial interaction is
essential to a successful event, the
main aim is to ensure that attendees
have a productive and informative
week. To help visitors achieve these
aims, the following quick reference
guide is designed to complement the

Conference Programme and Exhibi-
tion Show Guide, where you will find
more detailed information.

THE CONFERENCES

Each with their own dedicated
time slots throughout the week, the
three focused conferences are the

¢ 45t European Microwave Con-
ference (EuMC) -7 to 10 September
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e 10th European Microwave In-
tegrated Circuits Conference
(EuMIC) — 7 and 8 September

e 12th European Radar Confer-
ence (EuRAD) -9 to 11 September

* Workshops and short courses —
from 6 to 11 September

¢ Defence, Security and Space Fo-
rum on Wednesday, 9 September
Rohde & Schwarz sponsored on-

line registration that opened on 25

May and remains open to and during

the event, until 11 September. On-

site registration will be available from

16.00 to 19.00 on Saturday, 5 Septem-

ber and from 7.30 each morning from

Sunday, 6 September to Friday, 11

September. The registration area will

be located on Level 1 of the Palais des

Congres de Paris.

All those who have pre-registered
should bring their badge barcode and
confirmation with them to the confer-
ence where they can print out their
badge by scanning their barcode at
the Fast Track desk onsite.

For those who have not pre-reg-
istered, onsite registration terminals
will be located within the registration
area, where delegates can enter their
details and pay immediately by swip-
ing their credit or debit cards through
the card readers attached to the ter-
minals. Alternatively, there is a cashier
desk for those who require a printed
receipt.

Once in possession of their badges,
delegates can collect their delegate
bags, sponsored by Infineon Tech-
nologies, from collection points in the
registration area. The bags will include
a USB stick, sponsored by UMS, that
contains the conference proceedings.

THE EUROPEAN MICROWAVE
CONFERENCE

EuMC is Europe’s leading forum
for presenting the current status and
future trends in the field of micro-
wave, millimeter wave and terahertz
systems and technologies. These
high frequency related topics, from
materials technologies to integrated
circuits, systems and applications
are addressed in all respects: theory,
simulation, design and measure-
ment.

The EuMC TPC received 640 sub-
missions; 56 percent were selected to

build a very high quality and strong
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conference programme, which con-
sists of workshops and short courses on
Sunday, Monday and Wednesday, and
regular, special and focused sessions,
mainly on Tuesday, Wednesday and
Thursday. The EuMC opening session

will be held on Tuesday at 10:50.

EuMC shares nine sessions with
EuMIC, in the fields of active devices,
circuits and subsystems. It also shares

Bridging Gaps

—
f Frontlynk:

&

Electrical Performance

11 sessions with EuRAD in the fields
of millimeter wave, THz technologies
and systems, and antennas and propa-
gation.

Focused sessions have been select-
ed in the following domains: advances
in THz and opto-nanoelectronics, ad-
vances in scanning probe microwave
and millimeter wave microscopy, mi-
crowaves in agriculture environment
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and earth observation (MAGEQ) and
modal analysis of electromagnetic
structures.

Three special sessions have been
selected based on subjects of specific
interest to the microwave commu-
nity. These are: system modelling and
optimization, additive ~manufactur-
ing techniques for RF modules and
autonomous driving in a worldwide
changing society — between silver ag-
ers and Y-generation. Also, as a result
of an agreement between EuMA and
the organizers of the Asian Pacific Mi-
crowave Conference, a special session
is devoted to enabling the exchange of
speakers between the two conferences.

The closing session on Thursday at
16:10 will include three distinguished
keynote speakers and the award cer-
emonies, when the EuMC Microwave
and the EuMC Young Engineer prizes
will be presented.

EUROPEAN MICROWAVE
INTEGRATED CIRCUITS
CONFERENCE

Jointly organized by the GAAS®
Association and EuMA, the aim of
the conference is to promote the dis-
cussion of recent developments and
trends and to encourage the exchange
of scientific and technical information
covering a broad range of high fre-
quency related topics, from materials
and technologies to integrated circuits
and applications.

The EuMIC opening plenary ses-
sion will feature two keynote speeches
by world leaders in their fields. An-
dreia Cathelin from STMicroelec-
tronics will present the planar UTBB
FD-SOI technology for highly energy
efficient devices, while Thomas Roe-
dle from NXP Semiconductors will
focus on GaN technology, modelling
and applications.

The closing session will include the
traditional foundry session, gathering
key representatives from RF and mi-
crowave semiconductor foundries, as
well as speeches given by two eminent
plenary keynote speakers. The session
will also feature a panel discussion on:
“The Impact of Advanced GaN and
Silicon Technologies for Military and
Space Applications.”

During the closing session, the
prize for the best contributed paper
to EuMIC 2015 will be awarded and
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the EuMIC Young Engineer Award
will be presented to a young engi-
neer or researcher who authored an
outstanding paper presented at the
EuMIC Conference. Three GAAS®
Ph.D. student fellowships will also be
celebrated.

On Monday, 7 September, all
EuMIC delegates are invited to the
EuMIC Cocktail Reception that will

take place in the lounge area on Level
1 of the Palais des Congres at 18:30.

THE EUROPEAN RADAR
CONFERENCE

This conference is the major Eu-
ropean event addressing the present
status and future trends in radar tech-
nology, system design and applications
and covers a wide variety of topics,
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from radar components and systems,
radar echo modelling, advanced signal
processing techniques, the most in-
novative radar architectures and con-
cepts and the latest applications.

This year, 190 papers were sub-
mitted, with the accepted papers or-
ganized into 16 oral sessions and one
poster session. Three focused sessions
proposed by renowned experts on
very innovative and interesting fields
will deal with: 3D SAR imaging of
complex environments, measurement
and processing techniques for system
diagnostic and calibration, and ad-
vanced modeling, processing and in-
version applied to ground penetrating
radar. There is also one special session
addressing advances in T/R modules
for AESA applications. These sessions
are complemented by expert work-
shops and short courses, presented
on Wednesday and Friday, covering
advanced radar concepts, techniques
and applications.

The opening session will be on
Wednesday at 10:50 and will include
two keynote presentations. Marc
Lesturgie, from Sondra-Supélec, will
consider recent and important innova-
tions in his talk on “Breakthroughs and
New Concepts in SAR and Radar,”
and Fabio Rocca, from Politecnico
di Milano will give a presentation on
“Geosynchronous Synthetic Aperture
Radars: Systems and Applications,”
introducing the potential, risks and
applications of a multi-sensor geosyn-
chronous spaceborne SAR mission.

During the closing session, to be
held on Friday at 13:50, Albert Huiz-
ing, from TNO, will give a presenta-
tion entitled “Radar Horizon 2030:
Challenges and Emerging Technolo-
gies,” addressing some of the future
challenges for radar and presenting
the state of the art and new devel-
opments in signal processing tech-
niques.

On Friday, 11 September, all Eu-
RAD delegates are invited to the
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MXP50 (50 GHz), MXP40 (40 GHz) and MXP18 (18 GHz) cover current data rate requirements. The entire
MXP family comes with the highly flexible and ultra-stable MULTIFLEX cable as a standard.
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EuRAD lunch that will take place at
12:30 in Room Maillot on Level 2 of
the Palais des Congres.

THE EXHIBITION

Central to the week both chrono-
logically and metaphorically, the Eu-
ropean Microwave Exhibition will be
housed in four connected halls — Passy,
Neuilly, Ternes and Paris — which to-

gether form one continuous, uninter-
rupted exhibition space. Taking place
from Tuesday, 8 September to Thurs-
day, 10 September, and larger than in
2014, it will be the hub of activity gen-
erated by the multitude of companies
eager to display and demonstrate their
latest introductions.

The exhibition is free to attend
and will feature companies large
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and small, established and emerg-
ing. Of course, European companies
are to the fore, taking advantage of
France’s central location and easy
access. Local French companies are
supporting the event, and the Span-
ish Pavilion continues to be popu-
lar. As always, the U.S. and Asia are
well represented with the Chinese
Pavilion expanding in 2015, dem-
onstrating the country’s continued
emergence as a force in the RF and
microwave sector.

The exhibition is a vibrant shop
window for companies wanting to
reach the international audience which
EuMW attracts. It has also become an
event that leading manufacturers often
choose to launch new products onto
the European and global market. To
find out which companies will be ex-
hibiting at the Palais des Congres see
the latest exhibitor list, on page 166.

The established and popular exhib-
itor workshops offered by leaders in
their respective fields, including Key-
sight Technologies, Rohde & Schwarz,
National Instruments and Anritsu will
offer attendees the opportunity to see
live demonstrations and gain hands-
on experience.

The educational/instructional theme
will continue on the show floor with
the fifth European Microwave Week
Microwave Application Seminars (Mi-
croApps). The National Instruments,
Rohde & Schwarz and Horizon House
sponsored free-to-attend seminars will
take place in the MicroApps auditorium
for the entire three days of the exhibi-
tion. Designed to provide engineers
with insight into products and tech-
niques that will aid them in their every-
day work, EuMW exhibitors will pres-
ent 20 minute technical presentations
describing state-of-the-art applications,
products, design techniques and pro-
cesses of interest to the RF and micro-
wave community.

The exhibition space will also be
the home of the conference poster
sessions, coffee breaks sponsored by
Copper Mountain and the Publisher’s
Corner. Once again, CST is sponsor-
ing a Cyber Café, located on the show
floor, for all delegates, exhibitors and
visitors to use, as well as free Wi-Fi ac-
cess to email for delegates in all con-
ference areas.
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Test, Measurement
& Calibration

RF and microwave components from Rosenberger
play a key role in a variety of test, measurement &
calibration applications. The product range includes

¢ RF high precision connectors, adaptors and
devices, e.g. connector heads, opens, shorts or
loads of all popular connector series such as
RPC-N, -7.00, -3.50, -2.92, 2.40, -1.85 or -1.00 mm

e Calibration and verification kits for a number of
coaxial standard test interfaces

» Test cables & test devices, e.g. VNA microwave
test cables, high performance cable assemblies,
airlines, interchangeable port connectors,
T-calibration adaptors

o Automated Test Equipment (ATE) products
Multiport Mini-Coax connectors for semiconductor
test equipment applications

New:

| 75 Ohm calibration kit — for frequencies
up to 12 GHz

I Ruggedized test port adaptors —
for VNA applications

Rosenberger Rosenberger North America
Hochfrequenztechnik GmbH & Co. KG Headquarters

HauptstraBe 1 1100 Professional, Suite 100
83413 Fridolfing, Germany USA-Plano, TX 75074

Phone +49 (0)8684 18-0 Phone +1-972-423 8991 O
Fax +49 (0)8684 18-1499 salesinfo@rosenbergerna.com
info@rosenberger.de

WWW.rosenberger.com
See us at EuMW Stand C303
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EXHIBITION
OPENING HOURS
* Tuesday, 8 September: 9:30 to
18:00 (followed by the Welcome
Reception)
e Wednesday, 9 September: 9:30
to 17:30
e Thursday, 10 September: 9:30
to 16:30

GETTING TO THE PALAIS DES
CONGRES

Paris is easily reached by plane,
train or car. It is served by two inter-
national airports and a very conve-
nient railway system. Shuttle buses
run from Charles de Gaulle or Orly
airports to the city centre.

By Plane
Paris has two international airports.
Most international flights use the larg-

- Offset range from 0.1 Hz to 50 MHz
« Selectable internal or external reference
- Wide bandwidth FFT analyzer

analysis

+ <200 pS Switching Speed
«Low SSB Phase Noise
« Rich Feature Set Incl (AM/FM Mod.)

« Custom OEM Solutions
- Starting @ $4000

BNC

BNC Berkeley Nucleonics Corp

Phase Noise Test Systems to -185 dBc/Hz

« Absolute and Additive Phase Noise measurement

« Built-in transient measurement and spectrum

Real-Time Spectrum Analyzer to 27 GHz

- Real-Time Bandwidth (RTBW) up to 100 MHz
- Probability of Intercept (POI) as short as 1.02 s
« Spurious Free Dynamic Range (SFDR) up to 100 dBc
+ 10 MHz in/out for multi-channel synchronization
+ Analog I/Q outputs for higher sampling rate digitization
- Open source Python, LabVIEW, MATLAB®,
C/C++ and SCPI/VRT APIs

RF Signal Generators to 26GHz

- Comprehensive AM, low-distortion, wideband

Berkeley Nucleonics Corp., 2955 Kerner Blvd. San Rafael CA 94901
Email RFsales@berkeleynucleonics.com, Call 800-234-7858 or LIVE-Chat @ ] m

86

European Microwave Week

er Roissy Charles de Gaulle Airport,
30 km northeast of Paris. The other
one is Orly Airport, 18 km south of
the city. Both are well connected by
public transport to central Paris.

From Roissy-Charles de Gaulle
Airport: RER B, stop at Chatelet Les
Halles then take RER A to Charles de
Gaulle/Etoile then line 1 of the metro
to Porte Maillot/Palais des Congres.

By Air France or ADP shuttle
bus: take line 2 (buses go directly to
Porte Maillot/Palais des Congres or to
the Opéra in the city centre). Depar-
ture is every 15 minutes from 05:45
to 23:00 with an approximate journey
time of one hour.

From Orly Airport: Take the
high speed shuttle (Orlyval) to Antony
RER B, stop at Chatelet Les Halles
then take RER A to Charles de Gaulle/
Etoile then line 1 of the metro to Porte
Maillot/Palais des Congres. The ap-
proximate journey time is one hour.

By the Cars Air France: go to
Terminus Etoile, then take line 1 of the
metro to Porte Maillot/Palais des Con-
gres. Departure is every 30 minutes
from 06:00 to 23:00, with an approxi-
mate journey time of 40 minutes to one
hour. By taxi the approximate journey
time to central Paris is 40 minutes to 1
hour depending on the traffic.

By Car

Porte Maillot is reached via the in-
ner/outer ring road, taking Boulevard
Periphérique Ouest (West Beltway)
exit. There is direct access to the un-
derground parking at the Palais des
Congres via Porte Maillot, which is
open 24 hours a day.

Public Transport

Train: Line C of the RER Com-
muter trains provides direct access to
Porte Maillot station.

Metro: The metro is probably
the best way to travel within the city.
The Palais des Congres is above the
Porte Maillot metro station. It runs
from 05:30 to 01:00. Keep your ticket
until you leave the metro as you may
need to show it/have it with you at
some exit doors. Line 1 of the metro
(La Défense-Chateau de Vincennes)
crosses the city from east to west and
provides direct access to the Palais des
Congres Porte Maillot station.

Bus: Slower than the metro at cer-
tain hours of the day depending on
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@ POWER MMIC OFFER
United Monolithic
Semiconductors

Boost your systems with the new generation of UMS
MMIC Power Amplifiers and Drivers

* GaN high efficiency High Power
Amplifier

* Packaged high linearity Power
Amplifiers and Drivers

® Low return loss Power Amplifiers
with built-in power detectors

* low AM/AM, AM/PM
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Power technologies are open in foundry mode for your custom design:
® GH25 GaN/SiC MMIC process up to Ku-Band
® PPH15X GaAs MMIC process up to Ka-Band

Build your own solution with UMS

www.ums-gads.com
See us at EuMW Stand D314
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traffic. However, the bus services are
frequent during the day but are less
regular after 20:00 on some routes.
Lines to Porte Maillot: 82 (Luxem-
bourg-Neuilly), 73 (Concorde-La
Défense), and PC1, PC2, PC3 (belt-
way lines).

Public Transport Tickets: Paris
public transport is operated by the
RATP and includes the metro subway

system, RER trains, buses, night buses,
Montmartre bus and the Montmartre
funicular railway, all of which accept
the same tickets and passes. You can
purchase individual tickets, or a Paris
Visite Metro Pass, available for two,
three or five consecutive days of un-
limited travel. They also include spe-
cial offers and discounts of up to 35
percent at a variety of attractions in the

DWER LEVELS UP TO 10 KW PULSE

3 GENERATION

POWER AMPLIFIERS

Scalable Power
Combinations

~

********** or front panel -~~~

POWER AMPLIFIER MODULES AND RACK-MOUNT SYSTEMS

Big Power in Small
Packages

Monitoring and Control
via Web Browser
through TCP/IP

touchscreen

w SKU2162 | 20-1000MHz | 1kW | 17.5x 8.75x 22" Aerospace
£ SKU2185 ' 960-1215MHz ' 10KW Pulse ' 17.5x15.75x 22" Militar
% SKU2184 | 1000-2000 MHz | 4 kW Pulse | 17.5x 15.75 x 22" nitary
@ SKU2180 ' 1000-2500 MHz ' 2kW ' 17.5x14x22" Automotive
SKU 2170 | 1000 - 3000 MHz | 1 kW 1 17.5x8.75x22" HIRF
@ SKU1163 | 20520MHz | 125W | 7xdx1.2" CE
S SKU1193 | 20-1000MHz | 100W | 7x4x1.2"
8 SKU 1199 | 1000-3000 MHz 1 100W | 7x4x1.2" www.EmpowerRF.com
E 1 » 1 1 "
SKU 1191 | 2500-6000 MHz | 100W | 8x6.5x1 EMPOWER
@ 1(310)412-8100 RF SYSTEMS, INC.
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Paris area. Tickets for public transport
are available at subway stations, some
bus terminals and registered retailers,
displaying the RATP sign.

Taxi: There are approximately 500
taxi ranks on the city’s major avenues
and boulevards. There is an initial fee
for each ride. The average fare from
the city centre to the Palais des Con-
gres is €15.00. For the return jour-
ney, there is a taxi station located on
the Avenue de la Grande Armée, right
next to the Palais des Congres: +33
(0)1 45 72 61 84.

HOTEL RESERVATIONS

Horizon House has teamed with
Hotelzon to offer a wide range of ac-
commodation at competitive rates.
To make a booking, visit Hotelzon’s
booking page www.hotelzon.com/en/
uk/events-eumw and make your book-
ing, or email sally.garland@hotelzon.

SHOPPING & SIGHTSEEING

Paris has so much to offer visi-
tors. Some of the most famous Pari-
sian landmarks include Notre Dame
de Paris, the Arc de Triomphe and
the Eiffel Tower, along with the Tu-
ileries Gardens, the Champs-Elysées,
the Invalides museum, the Panthéon
church, the Palais Garnier, the Sainte-
Chapelle palace chapel and the Eglise
de la Madeleine.

The Louvre is one of the most
famous museums featuring the
Mona Lisa and the Venus de Milo
statue. Other museums include Mu-
sée Picasso, Musée Rodin, Musée
du Montparnasse, Musée National
d’Art Moderne, Musée Cluny, Mu-
sée d’'Orsay and the Musée du quai
Branly. For cultural entertainment,
opera houses include Opéra Garnier
and the Opéra Bastille, along with
theatres such as Bobino, Théatre
Mogador and the Théatre de la Gai-
té-Montparnasse.

For shopping, few places in the
world can beat the size and range of
shops along the boulevard Hauss-
mann. Other good shopping areas
include the rue de Rivoli, on the Left
Bank and the Madeleine.

There are various tours and excur-
sions organized as part of the EuMW
Social Events & Partner Programme
or visit Www.en.parisinfo.com. [ |
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The Leader in Switching Solutions

The global provider of ultraminiature, hermetically sealed and
solid state switching products for over 50 years.

Our products meet a wide range of applications in the
aerospace, commercial, defense, industrial, RF, Space
and Test & Measurement markets.

MICROWAVE
COAXIAL SWITCHES

5 million cycle
_ o DC to 40 GHz
e Custom products

ELECTROMECHANICAL RELAYS

e New LoopBack Relay
e Signal integrity up to 40 Gbps
e DC-16 GHz

INDUSTRIAL/COMMERCIAL
SOLID-STATE RELAYS

e Single, Dual and 3-Phase products
e Soft Start motor controllers
e High current, high voltage

MILITARY & COTS SOLID-STATE

RELAYS

e Robust design, wide temperature range
e AC, DC and Bidirectional

e Short circuit protection

See us at EuMW Stand 260

"i‘ TELEDYNE
RELAYS
Everywhereyoulook™

”~‘ TELEDYNE
COAX SWITCHES

Everywhereyoulook®
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Security and Space Forum

Richard Mumford

Microwave Journal International Editor

A forum on Wednesday, 9 September, from 10:50 to 18:45 focused on
RF systems and microwave technology for unmanned aerial vehicles
Room Maillot, Palais des Congres

efence and security impact at all

levels — international, cross bor-

der, regional and on individuals.
Those charged with securing the safety of
citizens need the tools, the finances and the
technology to be able to defend sovereignty,
resolve regional conflicts and fight global
terrorism, together with the ability to ef-
fectively guard against threats that can be
enacted by armies, small groups or a single
terrorist.

The nature of conflicts has evolved and so
too is how they are being addressed. Surveil-
lance, reconnaissance and the use of tech-
nology to reduce numbers on the front line
and keep human casualties low have come to
the forefront. In particular unmanned aeri-
al vehicles (UAV) are being developed and

utilized in all regions of conflict and are in-
creasingly being applied to general security
applications.

The EuMW Defence, Security & Space
Forum has always endeavoured to reflect and
discuss prevalent initiatives, so this year the
emphasis will be on RF systems and micro-
wave technology for UAVs, covering specifics
such as: synthetic aperture radar (SAR) for
UAVs, ESM and EW for UAVs, operational use
of integrated RF systems for UAVs, along with
airborne SARs.

The forum will feature executives from in-
dustry, academia, the military and from space
agencies. It will be held in combination with
the opening of EuRAD. The technical sessions
will conclude with a round-table discussion,
followed by a cocktail reception for attendees.
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°recision
measurements

n an affordable
Dackage.

Your job is to move your space-based system from concept through
installation. The Keysight FieldFox enables you to make crucial RF

and microwave measurements with three precise instruments in one:
cable & antenna tester (CAT) + vector network analyzer (VNA) +
spectrum analyzer. It's the one single instrument precise enough for
the lab and rugged enough for the field.

FieldFox Combination Analyzers
Six models up to 26.5 GHz
MIL-PRF-28800F Class 2 rugged

Agrees with benchtop measurements

CAT +VNA + Spectrum Analyzer

Download “Correlating Measurements between
@ . Handheld and Benchtop Analyzers” app note at
microlease . . .
www.microlease.com/keysight/FieldFox
Buy from an Authorized Distributor 800 732 3457

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights

See us at EuUMW Stand E110 © Keysight Technologies, Inc. 2015

Agilent’s Electronic Measurement Group is now Keysight Technologies.
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80 YEARS OF STABILITY

Small size precision low phase noise OCXOs

100 MHz & 10 MHz

MV3l7

- Frequency range: 80-120 MHz
= Stability level: up to £5E-§
- Package: 25.4x25.4x10.3 mm

Ultra low phase noise:
i dx:rwn to =177 dB/Hz (@ 100 ki-l?

MV333

- Standard frequency: 10 MHz
- Stability level: up to £5E-9

= Package: 25.8x25.8x12.7 mm

Ultra low phase noise;
down lu IT4 dB-"Hz @ 101:1-[;
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Located in California’s Silicon Valley, Morion US
supplies customers with high-performance,
high-reliability crystal oscillator and crystal filter
products for telecommunications, navigation

and test & measurement markets.

Marion LIS, is a company for which quality and
reliability of praducts supplied are uncompromised.
This is the essence of Morion LS, LLC.

Owr technologies are based on more than 80 years
experience in precision gquarte products including
those for Military and Space, highly skilled workforce
and excellent manufacturing and R&T capabilities.
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Morion US, LLC

1750 Meridian Ave. 5128
San Jose, CA 95150
(408) 329-8108
sales{@morion-us.com
WWW.IMOTION-us.com
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THE FORUM FORMAT

Below is a brief outline of each ses-
sion. A full listing of the presentations
at the time of going to press can be
found on pages 94 and 95.

For the fourth year, the EuMW
Defence, Security and Space Forum
will incorporate the EuRAD Opening
Session (10:50 to 12:30), followed by
the Strategy Analytics Lunch & Learn
Session (12:40 to 13:40), which will
add a further dimension by offering a
market analysis perspective, illustrat-
ing the status, development and po-
tential of the market.

The afternoon will begin with the
Microwave Journal Industry Panel
Session (13:50 to 15:30) that will offer
an industrial perspective on the key is-
sues facing the defence, security and
space sector. In accordance with the
theme for 2015, the panel will address
RF and Microwave Development for
UAVs.

Completing the technical ses-
sions the EuMW Defence & Securi-
ty Executive Forum (16:10 to 17:50)
will provide a platform for speak-
ers from leading European defence
industries to proffer their views
on RF and microwave technology
trends for the next generation UAV
platforms and systems. The indus-
trial speakers are complemented by
speakers from government, agencies
and research organizations who will
offer their perspective of military
and security needs, programmes,
budgets and scientific research for
next—generation systems.

The event will conclude with a
cocktail reception (18:00 to 18:45)
that will afford delegates the opportu-
nity to network and discuss the issues
raised throughout the forum in an in-
formal setting.

REGISTRATION AND UPDATES

Registration fees are €10 for those
who have registered for a conference
and €50 for those not registered for
a conference. Register online at www.

eumweek.com. As information is

formalized, the Conference Special
Events section of the EuMW website
will give further details and will be up-
dated on a regular basis. ll
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Meet the magic number for two-watt
temperature-variable attenuators

Push the limits of frequency without sacrificing performance. Powerfilm = -0.005 dB/dB/°C shift

surface-mount attenuators from Inmet, part of APl Technologies Corp., models available from stock

vary with temperature and are the perfect balance of price, power, and = New higher shift models

dependability. They offer the flattest broadband performance of their kind feature -0.009 dB/dB/°C

and allow you to create automatic- and passive-link margin compensation = DCto 12 GHz operation

= Superior RF attenuation
vs. temperature

on a wider variety of transmit and receive chain circuit applications.

Save money and space by throwing out your complicated gain-control = Excellent return loss
circuitry and required bias and control voltages. Visit our website for vs. frequency

complete details and request a sample today. = Design kits available

api <>~

technologies corp.
734-426-5553 | 888-244-6638 | inmet.apitech.com > INMET

See us at EuMW Stand 152

Inmet is now part of APl Technologies Corp.
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The 2015 Defence, Security

and Space Forum
At European Microwave Week

A focused Forum addressing the application of RF integrated systems for UAVs.

The emphasis of the 2015 EuMW Defence, Security and Space Forum will be on RF systems
and technology for Unmanned Aerial Vehicles (UAVs), covering specifics such as: Synthetic
Aperture Radar (SAR) for UAVs, ESM and EW for UAVs, operational use of integrated RF
systems for UAVs, along with Airborne SARs. It will feature executives from industry,
academia, the military and from space agencies. It will be held in combination with the
opening of EURAD and will conclude with a round-table discussion.

Programme:

* Expanding the Mission Envelope for UAS Platforms
Asif Anwar, Strategy Analytics

* Flexible RF Signal Generation and Wideband Analysis for Testing Future Unmanned
Vehicle Sensors
Dr. Steffen Heuel, Rohde & Schwarz

* How Intelligent Integration Improves Antenna Resolution and Allows Rapid Array
Re-Configuration in SAR and AESA Systems
Andrew Christie, Peregrine Semiconductor

e How Improvement in GaN Technology and Device Packaging Leads to Smaller, Higher
Performance RF Systems for UAVs
Roger Hall, Qorvo Inc.

* The Analog vs. Digital Conundrum: Mixed Signal Integration Solutions and Challenges for
Unmanned Systems
Duncan Bosworth, Analog Devices

Sponsored by:
ANALOG

DEVICES ///Z Peregrine. QOMVO.

AHEAD OF WHAT’S POSSIBLE™
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Room Maillot, Palais Des Congres, Paris

16:10 - 17:50 EuMW Defence & Security Executive Forum
* RPAS Sensor Payloads: Making the Business Case for European Non-Dependence
Neil Whitehall, Selex ES
e Critical RF Technologies for Multi-Function Sensor Payload
Patrick Garrec, Thales Systemes Aeroportes
e An EDA Perspective on the RPAS Sensor Payloads Challenge
Ignacio Montiel-Sanchez, European Defence Agency (EDA)
e Compact and Distributed Radar Concepts on UAV: Trends and Vision for a New Paradigm

in Air and Ground Surveillance
Marc Lesturgie, Director of SONDRA Lab ONERA - The French Aerospace Lab

18:00 - 18:45 Cocktail Reception
The opportunity to network and discuss the issues raised throughout the Forum in an informal
setting.

Registration fees are €10 for those who registered for a conference and
€50 for those not registered for a conference.

Details in this programme are correct at the time of going to press — updates will be posted on eumweek.com.

Organized by: N
Microwave
Association

EuMA
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“It is now that

define how we will

take European

innovation forward.”

926

Microwaves in Europe:
Driving Forward?

Richard Mumford

Microwave Journal International Editor

After economic false starts and a stalled recovery can the European RF and

microwave industry change gears and show the drive needed to move forward?

Can European Union initiatives, allied to the skills, expertise and knowledge that

our industry possesses fuel innovation and investment? This report considers the

roadmap being pursued and the course being taken.

he European RF and microwave indus-

I try is a small cog in a giant economic,

bureaucratic and regulatory wheel that,

in recent years, has had to revolve around de-

pressed markets, austerity measures and the

vagaries of the global market. However, the EU

is endeavouring to put mechanisms in place to

drive innovation and provide a research, pro-

duction and trading environment that will ac-
celerate competiveness and growth.

At the 6% European Innova-
tion Summit at the end of last
year, Carlos Moedas, EU Com-
missioner for Research, Science
and Innovation stated, “This is
an exciting time in Europe. We
have a new Parliament and a new
Commission in Brussels. The dis-
cussions which happen now, will
significantly impact the course we
choose to take over the next five
years. It is now that we define our
priorities, our relationships with
member states and each other. It is now that
we define how we will take European innova-
tion forward.”

He added, “T want to grow an innovation-
responsive society in Europe. An environment
conducive to home-grown, 21t century, dis-
ruptive innovation, based on three distinct pil-

we

lars: Adequate public and private funding of
research, development and innovation; a uni-
fied research area open to the world, with firm
foundations in the Internal market; and a mar-
ket environment quick to respond to innovation
— making it easier for great ideas devised here
to become commercial products and services —
creating entirely new markets and transforming
existing ones, through disruptive innovation.”

Such enthusiasm is commendable but out
there in the real Europe, what economic, leg-
islative and technological hoops are those in
the semiconductor clean room, the RF compo-
nent design house, microwave lab, test house
or production line having to jump through and
what incentives and support is being offered in
general, and to the RF and microwave indus-
try in particular, to ensure that these goals are
achievable? What is the climate that compa-
nies/institutes are currently operating in?

An indicator of the current state of innova-
tion in Europe is the European Commission’s
annual Innovation Union Scoreboard. Last
year’s report showed positive signs for innova-
tion performance — improved and less innova-
tive countries were catching up on Europe’s
innovation leaders. Although the Innovation
Union Scoreboard 2015 indicates that the EU’s
overall level of innovation has remained stable,
it offers a mixed message, with 13 Member
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States presenting a declining innova-
tion performance and 15 improving
their performance compared to the
previous year.

Sweden continues to be the inno-
vation leader, followed by Denmark,
Finland and Germany, with the fast-
est growing innovators being Malta,
Latvia, Bulgaria, Ireland, the UK and
Poland. In global comparison, the EU
continues to be outperformed by the
U.S., Japan and South Korea. How-
ever, the 2015 scoreboard shows that,
since 2008, the EU has managed to
close almost half of its innovation per-
formance gap with the U.S. and Japan
but the gap with South Korea is still
widening. The EU has maintained a
performance lead over Australia and
Canada and to a greater extent over
the BRICS (Brazil, Russia, India, Chi-
na and South Africa) countries. This
lead is stable or even increasing for
all BRICS countries except for China,
which is bridging the gap quickly.

Innovation is often perceived as the
economic “Holy Grail” — a medium for
growth, a catalyst for expanding exist-
ing markets and a driver for new ones.
There is no doubt that the economic
downturn has had an impact on the
activity of the European private sec-
tor: the statistics show that the num-
ber of innovative firms is in decline, as
is the innovative activity of small and
medium-sized enterprises (SME). On
the plus side there has been improved
business investment in research and
development.

Public investment in research
and innovation is key to creating the
knowledge and talent that innovative
firms need, and it spurs business R&I
investment and growth. The latest Re-
search and Innovation performance in
the EU: Innovation Union progress at
country level report, published by the
European Commission late in 2014
concluded that in the first period of the
crisis, many member states protected
their R&I expenditure. Some even
increased their R&I budgets, such as
Germany, Denmark and several Cen-
tral and Eastern European countries.
However, in recent years, other mem-
ber states such as Bulgaria, Romania,
Croatia and Hungary cut their R&I
budgets further, even though their
public R&D activity had already been
well below the EU average.

The report also stated that analy-
sis points to the persistence of a clear

‘East-West” science divide in Europe,
with a weaker science base in all Cen-
tral and Eastern European countries
(as well as Cyprus and Malta). This is
alongside a ‘North-South’ differential:
Greece, Portugal, Spain and Ttaly per-
form just below the EU average and
hold an intermediate position between
Central and Eastern European coun-
tries and Northern/Western Europe.

More industry specific, the World
Semiconductor  Trade Statistics
(WSTS) released in May 2015 antici-
pates the world semiconductor mar-
ket will show a moderate growth of
3.4 percent to $347 billion in 2015. All
major product categories are forecast
to have positive growth rates in 2015,
with the significant drivers being
smartphones and automotive. How-
ever, the dollar based WSTS forecast
predicts that not all regions will grow
from 2014, with Europe and Japan
forecast to show a decline in 2015,
which is mainly based on the current
Euro/$ and Yen/$ rates.

This is backed up by the latest
figures available from the European
Semiconductor Industry Association
(ESIA), which were for April 2015.
They showed that semiconductor sales
in Europe in April 2015 amounted to
$2,889 billion. The figure reflects a
slight decline in sales compared to the
previous month, in line with sales de-
velopments in the other regions, with
the exception of Asia-Pacific. How-
ever, in April, exchange rate develop-
ments affected significantly the Eu-
ropean sales picture when comparing
market growth in euros and in dollars.
Application specific semiconductors
performed well in April, with devices
designed to be used in consumer and
wireless communication growing by
3.2 percent and 1.7 percent respec-
tively compared to March.

These are the circumstances in
which the RF and microwave industry
in Europe has to operate from large
corporations to SMEs, from estab-
lished businesses to start-ups, those
operating in countries with relatively
stable economies to those facing fi-
nancial uncertainty.

As an entity the European Union
has to take a cross-continent view
and legislate for the collective good
of all. It has long been an assertion of
the EU that a key driver for growth is
research and development and great
emphasis has been given to putting
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the technological, economic and prac-
tical mechanisms in place to support
innovation and create an environment
where European industry can evolve
and compete on the global stage.

A cornerstone of this activity has
been the European Framework Pro-

rammes, which were launched in
1984. They have played a lead role in
funding multi-disciplinary research
and cooperative activities in Eu-
rope and were an anchor of support
through difficult periods of trade.

Set to run from 2014 to 2020, Ho-
rizon 2020 is designed to build on the
Framework Programmes and move
the quest for viable EU research
and innovation forward. For Horizon
2020 inception last year, this annual
report comprehensively specified its
structure and goals, so the following is
only a brief outline.

HORIZON 2020

With over €80 billion dedicated
to research, industrial leadership
and key societal challenges Horizon
2020 is the biggest EU research and
innovation framework programme
ever launched. As well as refunding
research it also aims to mainstream
funding for activities in all stages of
the innovation cycle and support and
encourage the participation of busi-
nesses.

Significantly for our industry, this
includes supporting SMEs through
the Innovation in SMEs initiative,
which takes a company-focused and
market-driven approach. It funds ad-
ditional activities intended to support
entrepreneurship and international-
ization and improve access to mar-
kets through the Competitiveness of
Enterprises and Small and Medium-
sized Enterprises (COSME) pro-
gramme, which has a planned budget
of €2.3 billion.

In parallel, billions are being in-
vested in innovation-driven public-
private partnerships, with instruments
in place aimed at easing access to fi-
nance, including reinforced debt and
equity facilities and the venture capi-
tal passport.

Also, the European Research Area
(ERA) aims to reduce the fragmenta-
tion of the knowledge base in Europe,
by putting in place measures aimed at
facilitating the mobility of research-
ers across borders and across business
and academia.

«...Horizon 2020
funds innovation as

wrell as research...”

Examples of other measures that
both strengthen Europe’s knowledge
base and reduce its fragmentation
through better connection between
industry and academia include activi-
ties by the European Institute of In-
novation and Technology Knowledge
and Innovation Communities (EIT
KICs), the Knowledge Alliances, the
development of the Innovative Doc-
toral Training Principles and the Ma-
ria Sktodowska Curie actions under
Horizon 2020.

There is also strengthened cooper-
ation between the policy directorates
of the European Commission and the
Joint Research Centre (JRC) as well
the work of the European Forum for
Forward Looking Activities (EFFLA).

Significantly for the RF and micro-
wave industry, Horizon 2020 funds
innovation as well as research and is
actively encouraging and investing
in key enabling technologies includ-
ing information and communications
technology (ICT), nanotechnology,
materials and production technology.
In addition, money is available for
testing, prototyping, demonstration
and pilot type activities, for business-
driven R&D, for promoting entre-
preneurship and risk-taking, and for
shaping demand for innovative prod-
ucts and services.

LEADING INITIATIVES

These are the foundations, so how
are they being built upon? In an in-
dustry so diverse as RF and micro-
wave, it is impossible to cover every
activity but there are certain fields
such as mobile communications, the
space industry and materials develop-
ment where, through Horizon 2020
and FP7 before it, the EU is encour-
aging and supporting Europe to take
the lead. The following is a snapshot
of the activity in these specific sectors,

highlighting key projects.
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Mobile Communications

The European Commission is al-
ready laying down the legislative and
technical foundations for the intro-
duction of 5G. Through the proposal
for the Telecoms Single Market and
the forthcoming Digital Single Mar-
ket package, the Commission aims to
develop a common approach to man-
aging radio—spectrum use across Eu-
rope.

The EU Commission signed a land-
mark agreement with the ‘5G Infra-
structure Association’ on 17 Decem-
ber 2013, representing major industry
players, to establish a Public Private
Partnership on 5G (5G-PPP). This is
the EU flagship initiative to accelerate
research developments in 5G technol-
ogy. The European Commission has
earmarked public funding of €700
million to be complemented by a mini-
mum of €3.5 billion by the EU indus-
try. As part of the €700 million, a new
wave of 5G research projects worth
€125 million has just been announced
that will be launched in July 2016.

At the 2015 Mobile World Con-
gress (MWC), the European Com-
mission and Europe’s tech industry
presented the EU’s vision of 5G tech-
nologies and infrastructure, which
was written by members of the 5G
Infrastructure Association, the indus-
try part of the 5G PPP. The EU vision
will feed into a global debate which
aims to agree by the end of 2015 on
the scope of 5G, its main technologi-
cal constituents, and the timetable for
putting it in place. Many European
operators predict 5G commercial
availability in 2020 to 2025.

EU investment in 5G technology is
also an essential factor in reinforcing
EU leadership in the field of ultrafast
broadband. It is not only necessary to
support the traffic volume expected
by 2020 but also to boost networks
and Internet architectures in emerg-

“...acommon
approach to managing
radio-spectrum use

across Europe.”

ing areas such as machine-to-machine
(M2M) communication and the Inter-
net of Things (IoT).

To this end the €3.3 million EU
Funded Full-Duplex Radios for Local
Access (DUPLO) project has sought to
develop practical solutions to cope with
the increase in mobile traffic volumes
and the number of wireless devices.

The solution devised by DUPLO
aims to make better use of available
bandwidth in an energy efficient man-
ner through full-duplex radio trans-
mission. This technology enables the
same carrier frequency to be used for
data transmission and reception and
paves the way to integrated reconfigu-
rable multiband front-end modules
for frequency-division duplexing in
next-generation mobile phones.

Space

The main aim of the EU’s space
policy is to use space-related technol-
ogy to stimulate technological innova-
tion. In the period from 2014 to 2020,
over €12 billion will be spent on the
implementation of the EU’s three
space programmes: The Galileo and
EGNOS programmes provide posi-
tioning, navigation and timing informa-
tion worldwide, while the Copernicus
programme provides Earth observa-
tion data and information. Thirdly, part
of the Horizon 2020 programme focus-
es specifically on space technologies,
applications (e.g., GNSS and Earth
observation), weather, sciences, explo-
ration and other space related topics.

A recent initiative that has come to
fruition is the €1.51 million budget
Teraheriz heterodyne receiver com-
ponents for future European space
missions (Teracomp) project, led by
Chalmers University of Technology,
Gothenburg, Sweden, which has de-
veloped a state-of-the-art ‘terahertz
receiver’ that may help detect traces
of life in space. The technology could
even be used in a ‘sub-millimetre
spectrometer’ for measuring wave-
lengths of light during the first ESA
mission to Jupiter’s moons, planned
for launch in 2022.

The project team focused on devel-
oping Schottky diodes and also worked
to integrate complementary circuits
such as a local oscillator within the
same receiver. This enabled them to
push the frequency response as high
as possible and optimize the compo-
nents so that they work well together.
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Materials Technology

With a budget of €1 billion the Gra-
phene Flagship is the EU’s biggest ever
research initiative. It is tasked with
bringing together academic and indus-
trial researchers to take graphene from
academic laboratories into European
society in the space of 10 years, thus
generating economic growth, new jobs
and new opportunities.

Launched in 2013, the Graphene
Flagship is one of the first of the Eu-
ropean Commission’s Future and
Emerging Technology (FET) Flag-
ships, whose mission is to address
the big scientific and technological
challenges of the age through long-
term, multidisciplinary R&D efforts.
As a result of an open Expression of
Interest, 11 new industrial partners,
including Infineon Technologies have
now joined the Graphene Flagship to
bring in complementary competences
and capabilities in specific areas. The
new partners will be incorporated in
the scientific and technological work
packages of the core project under the

«...take graphene from
academic laboratories
into European

society...”

planned Horizon 2020 phase (1 April
2016 — 31 March 2018).

As part of the Graphene Flagship,
a team led by Philippe Lambin from
the Université de Namur in Belgium
has found that a graphene plane can
provide an effective absorbent shield
against microwaves. Lambin and his
colleagues demonstrated that the
conductivity of several graphene lay-
ers adds arithmetically when thin
polymer spacers separate them. Max-
imum microwave absorption in the
Ka-Band between 26.5 and 40 GHz
is achieved with six graphene planes
separated by layers of poly-methyl
methacrylate (PMMA).

Multilayer microwave barriers con-
structed by researchers based at the
University of Eastern Finland in Jo-

ensuu start with a first graphene layer
deposited on a copper foil substrate by
chemical vapour deposition. This layer
is then covered with a 600 to 800 nano-
metre PMMA spacer obtained by spin
coating, following which the copper is
etched away with ferric chloride, and
the graphene/PMMA heterostructure
transferred to a quartz substrate. The
procedure is repeated until the required
number of graphene layers is reached.

SECTOR OVERVIEWS

The initiatives outlined above are
offered as examples of the headline
grabbing ‘pioneering’ work being car-
ried out in the RF and microwave in-
dustry in Europe. Just as significant
are the smaller scale efforts of engi-
neers and designers endeavouring to:
make a difference, push the bound-
aries just a little bit further and thus
contribute to the technological devel-
opment of our industry.

The 2015 European Microwave
Week in Paris in September is a plat-
form for the RF and microwave com-
munity to network, share ideas, take
stock and look forward. Therefore,
this report has enlisted the Chairmen
of the three 2015 EuMW conferenc-
es: the European Microwave Confer-
ence (EuMC), the European Micro-
wave Integrated Circuits Conference
(EuMIC) and the European Radar
Conference (EuRAD) to offer an in-
sight into key areas of development
and identify future trends.

RF and Microwaves

Sector overview by Serge Verdeyme,
EuMC 2015 Chair

With contributions from Almudena
Suarez, Jean-Yves Dauvignac,
Philippe Ferrari, Raphaél Gillard, Luc
Lapierre, Jean-Francois Villemazet,
EuMC TPC members.

Microwaves remain a core tech-
nology in the 215t century for civil-
ian, defence and security application
systems, such as wireless communi-
cations, sensor networks and radar
systems. Based on the material being
presented during the 2015 EuMC
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« Square wave clocks from DC to 2.05 GHz ~ The CG635 generates clock signals—flawlessly.
The clock signals are fast, clean and accurate,

* Random jitter <1 ps (rms) and can be set to standard logic levels.

« 80 ps rise and fall times
How fast? Frequency to 2.05 GHz with rise

« 16-digit frequency resolution and fall times as short as 80 ps.
* CMOS, LVDS, ECL, PECL, RS-485 How clean? Jitter is less than 1 ps and phase

e Phase adjustment & time modulation noise is better than ~90 dBc/Hz (100 Hz offset)
at 622.08 MHz.

How accurate? Using the optional rubidium
timebase, aging is better than 0.0005 ppm/yr,
and temperature stability is better than

0.0001 ppm.

You would expect an instrument this good to be
expensive, but it isn’t. You no longer have to
buy an rf synthesizer to generate clock signals.

The CG635 does the job better—at a fraction
of the cost.

Plot shows complementary clocks and PRBS (opt. O1)
outputs at 622.08 Mb/s with LVDS levels. Traces have

transition times of 80 ps and jitter less than 1 ps (rms).

Stanford Research Systems

SRS Phone: (408)744-9040 « Fax: (408)744-9049 « info@thinkSRS.com « www.thinkSRS.com
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conference, this overview aims to
outline the trends in European RF
and microwave research and devel-
opment.

Microwave/millimetre wave com-
ponent performance and flexibility
is a constant and major topic in the
field of passive devices, influenced
by the steady improvement of
MEMS components and the intro-
duction of new emerging materials
like graphene, carbon nanotubes

and GeTe materials. Low cost ma-
terials or technologies like paper,
inkjet printing or 3D additive man-
ufacturing for instance are also cur-
rently being assessed.

CMOS and BiCMOS technologies
are increasingly being used for milli-
metre wave applications. Distributed
components are mixed with lumped
ones, and ‘IC designers” have to work
with ‘microwave designers’ to develop
efficient CAD tools.

Ensuring the success
of your project

Industry Leading Performance

Competitive Pricing
Same Day Shipping
Free Application Support

VX

A Technology Service Corporation Company

Polyphase
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We stock a complete line
of components including:

* Quadrature Modulators

* Quadrature Demodulators
* Single-Sideband Mixers

* Image Reject Mixers

* Caseless Mixers

e Customized Products

812-323-8708 ¢ sales@polyphasemicrowave.com
polyphasemicrowave.com/mj

“Microwaves remain a
core technology in the
21st Century....”

The current trends in packaging
and interconnection remain focused
on achieving compactness and main-
taining frequency capabilities up to
millimetre waves through the increas-
ing use of organic materials, even for
the implementation of GaN devices
for power applications.

In the front-end and transceiver
domain, researchers are working on
innovative designs of both compo-
nents and subsystems. Applications
include next generation wireless ra-
dios with adaptive beamforming net-
works, dedicated short range com-
munications at 5.8 GHz, the Square
Kilometre Array (SKA) radio astron-
omy project and the second Europe-
an Meteorological Operational Satel-
lite Programme.

Research to obtain the best effi-
ciency is the main objective of studies
of solid-state power amplifiers, with
particular emphasis being focused
on harmonic matching techniques.
To increase the performance of sig-
nals with variable envelopes such as
telecommunication, Doherty tech-
niques and envelope tracking are be-
ing researched extensively. There is
significant technological and design
development with regards to GaN,
even if LDMOS is a widely exploited
technology.

EuMW 2015 reflects the degree
of activity in the antenna sector with
more than 100 papers presented on
the subject during the week. A large
part of this activity is related to inte-
grated antennas (including a trans-
mitter and receiver co-design ap-
proach) and also new materials used
in antenna design and fabrication, in
order to realize new tunable function-
alities or agile antennas. Arrays and
phased array antennas are also widely
being utilized for digital beamform-
ing, MIMO, radar, microwave imag-

MICROWAVE JOURNAL m AUGUST 2015


http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=106&exitLink=mailto%3Asales%40polyphasemicrowave.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=106&exitLink=http%3A%2F%2Fpolyphasemicrowave.com%2Fmj

Emﬁnﬂ
@:& m.’l"ﬁaw

-

Infineon

Rugged LDMOS RF Power Transistors

Radar, Avionics, ISM & Broadcast Applications

Infineon’s latest generation of RF Power products enable the design of

compact, broadband and efficient RF power amplifiers. Our technology

portfolio provides the most advanced solutions for today’s multi-carrier,

multi-mode communication amplifiers and the most rugged and stable

devices in pulsed applications.

B 450MHz to 2700MHz
B 5Wto 1000W

B High ruggedness

B High RF consistency

RADAR and Avionics Product Line

Featured Product:

® 700W L-Band Transistor
H 1200MHz - 1400MHz
m 55% Efficiency, 16dB Gain

] %m
I i
iy

PTVAI27002EV

Product Operating | Matching @P, 45 @P;45 Pulse
Frequency
(MHz) Pour (W) | Gain (dB) | Eff(%) | Poyr(W) | Gain(dB) | Eff(%)

PTVA030121EA 390 - 450 No 12 25.0 69 14 22.0 73 12ps, 10% DC 13:1
PTVA035002EV 390 - 450 No 400 19.5 65 500 17.5 67 12ps, 10% DC 13:1
PTVA104501EH 960 - 1215 1/0 450 17.0 51 490 15.0 55) 128us, 10% DC 10:1
PTVA101KO02EV 1030/ 1090 | 920 18.0 56 1090 16.0 57 128us, 10% DC 10:1
PTVA120251EA 500 - 1400 No 30 16.0 56 40 14.0 59 300ps, 10% DC 10:1
PTVA120501EA 1200 - 1400 | 54 16.5 55 63 14.5 57 300ps, 10% DC 10:1
PTVA123501EC/FC 1200 - 1400 1/0 31 16.0 56 415 14.0 57 300ps, 12% DC 10:1
PTVA127002EV 1200 - 1400 1/0 700 16.0 55 800 14.0 58 300ps, 10% DC 10:1

ISM (2.45GHz) Product Line
Product Operating

Frequency
(MHz)

PTFC253002EV 2400 - 2500

Matching @P, 45

Gain (dB)

POUT (w)

EFf (%) | Pour (W)

1/0 260 14 51 280

@Py4

Gain (dB)

12

s Test Signal VSWR

Eff (%)
53

cw 101 |

www.infineon.com/rfpower
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Cellular Doherty Solutions

Product Doherty-in- Operating Supply Package Type
Package Frequency Voltage
[MHz] Typ [V]
PTVA093002TC Yes 700 - 960 2X50 19.0 50.0 50 H-49248H-4 GI“M
'..';7'-;_\
PXAC180602MD Yes 1800 - 2000 21+28 18.0 50.0 28 PG-HB1DSO-4-1
PXAC192908FV Yes 1930 - 1995 110+120 14.0 49.0 28 H-37275G-6/2 s
PXAC203302FV Yes 1880 - 2025 140+220 16.5 46.0 28 H-37275-4 s
PXAC243502FV Yes 2300 - 2400 150+200 15.5 44.0 28
PXAC260622SC Yes 2496 - 2690 25+50 17.0 45.0 28 H-37248H-4 d-%
\-\'-?x;‘
Cellular Doherty Reference Designs
49.5 dBm Avg Symmetric Doherty 791 - 821MHz _
1805- 1880MHz Compact Doherty a
'+' i
Pour =49.5 dBm Avg Pour = 63W Avg ' i
Gain =16dB PXAC192207NF Gain=19dB _ ’ | M'"‘*-..
Efficiency = 46% Efficiency = 45% Peak PTVA093002DC
Main
1930 -1995MHz '
Peak Compact Doherty Mal'" .
Pour = 7T0W Avg ““‘-:..:-’
Gain = 14dB '
% PXAC192207NF Efficiency = 49% Peak PXAC192908FV

General Purpose Transistors (700MHz - 2200MHz)

Product Operating Matching Gain | Eff Pour Test Signal | Supply 6Jc
Frequency Typ | Typ Avg Voltage
[MHz] [dB] | [%] [w] Typ[Vl | [°C/W]
PTFC270051M 900 - 2700 | Unmatched | 7.3 | 20.3 | 60 - CW @ 2170 28 3.84
PTFC270101M 900 - 2700 | Unmatched 12 20.0 [ 60 = CW @ 2140 28 4.04

Package Type

PG-SON-10 ' ég

LDMOS Integrated RF Power Amplifiers (700MHz - 2200MHz)

Product Operating Matching Gain | Eff Pour Test Signal Package Type
Frequency Typ | Typ Avg
[MHz] [dB] | [%] [w]
PTMA080152M 700 - 1000 | 20 30 34 8 GSM/EDGE 28 8.5/2.5 | PG-DS0-20-63
PTMA080302M 700 - 1000 | 32 31 36 15 GSM/EDGE 28 6.7/1.7
PTMA180402M 1800 - 2200 | 40 30 16 5 CDMA 28 3.6/1.5 ; ’
PTMA210152M 1800 - 2200 | 20 285 | 33 7 WCDMA 28 10.7/2.9

See our entire portfolio of RF Power Solutions at www.infineon.com/rfpower or contact us at highpowerRF@infineon.com

© 2015 Infineon Technologies AG.

All Rights Reserved.
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In April 2016, the leading technical conference and exhibition developed by and for the

RF, microwave, EMC/EMI and high speed electronics industry returns to Beijing. Share your
expertise with fellow technologists as a speaker in the EDI CON technical program.

Technical papers accepted for EDI CON will adhere to Microwave Journal standards of excellence
through a similar peer review process, providing conference delegates with high-quality,
unbiased, practical technical content.
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«...energy efficiency
continues to be a hot

ing and hyperthermia applications.
Printed antennas for wideband and
multi-band communications are still
prolific. Nowadays, antennas are of-
ten taken into account in the model
of whole RF systems, sensors, sensor
networks, radars, etc., that require
the system designer to have good an-
tenna expertise or to work together
with the antenna designer.

topic of research.”

New Gallium Nitride (GaN)
Amplifiers for S and X Band Radars

Model BMC858109-600
8.5-10 GHz, 600 Watt, X-Band,
Solid State Power Amplifier Module

Model BMC318358-900
3.1-3.5 GHz, 900 Watt, S-Band,
Solid State Power Amplifier Module

Comtech'’s amplifier modules and
transmitter systems provide peak

output power up to 13kW.

Custom features include built in

self-protection circuitry, monitoring,
and options for control of phase and
amplitude to facilitate integration into

high power systems utilizing binary or

3
f phased array combining techniques.

Contact us today with your

requirements and specs...we’ll

meet your needs and exceed

your expectations.

Comtech...simply more.

-

105 Baylis Road, Melville, NY 11747 « Tel: (631) 777-8900
Fax: (631) 777-8877 - www.comtechpst.com « sales@comtechpst.com
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ICs & Semiconductors

Sector overview by Eric Kerhervé,
EuMIC 2015 Chair

In collaboration with Didier Floriot,
Co-Chair and Eric Tournier, TPC Chair

The 10th European Microwave
Integrated Circuits Conference (Eu-
MIC) offers a perspective of the state
of the art of integrated circuits, cover-
ing frequencies from the microwave
to the submillimetre wave region.

One of the main applications for
RF integrated circuits is mobile com-
munication, where 3G, 4G and shortly
5G, will see the transceiver market
continue to exhibit high growth. This
will be driven by increased volumes
of connected mobile platforms and
higher complexity of transceiver func-
tionality.

The key factors for the transceivers
in the next decade will be the recon-
figurability for multi-mode, linear-
ity for complex modulations, tuning
functionality for multi-frequencies,
millimetre wave capability for Gbps
wireless, along with a small size and
power efficiency aimed at reduc-
ing power consumption. The silicon
technologies supporting such applica-
tions should enable these constraints
to be solved. During EuMIC, several
contributions will demonstrate the
remarkable progress in RF systems
achieved through RF CMOS or simi-
lar technologies.

Apart from classical mobile com-
munication, there are also many other
RF activities in high-growth areas,
such as Wi-Fi (802.11ac) and poten-
tially WiGig (802.11ad), RF infra-
structure including femtocells, pico-
cell base stations and backhaul com-
munications infrastructure. This can
be achieved by wireless communica-
tion systems operating at millimetre
wave frequencies as well as by optical
data transmission.

As most of the power in a com-
munication system is dissipated in
the power amplifier, energy efficiency
continues to be a hot topic of research.
For RF power amplifier design, III-V
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GaN Solid State Amplifiers

FEATURES

High Efficiency Pulsed Modules (10% éluty)
BIT & Controls via - EIA 422 h
Compact Light Weight { ’

High Reliability 3 %%
Field Replaceable Modules W i

9.0 - 9.2 GHz X-Band: 1 kW Modules
2.7 - 2.9 GHz S-Band: 1.3 kW Modules
1.2 -1.4 GHz L-Band: 700 W Modules
Power Combine Modules up to 25KW

For n tion contact
Communications & Power Industrles
Beverly Microwave Division
150 Sohier Road Beverly, MA 01915
Phone:(978) 922-6000 Fax: (978) 922-2736
Email: bmdmarketing@cpii.com
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Wenzel Associates, Inc.
2215 Kramer Lane, Austin, Texas 78758

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

American Standard Circuits

Innovative Flex, Digital & RF Microwave Solutions

Since 1988, American Standard Circuits has led the fabrication
industry in advanced RF/Microwave PCB Solutions for
Aerospace, Defense, National Security and Medical sectors.

@ Advanced RF & Microwave Solutions
® RF Metal Backed PCB Specialists (Pre-bonded & Post-bonded)
Mixed Signal & Mixed Dielectric (Hybrid) Standard r -
True Blind / Buried Vias as well as Backdrill Stub Con
d, Flex and Rigid-Flex PCBs with RF
ermal Management Experts

ti-Level Cavity Boards

Bondable Finishes

k Turn Proto Through Volume Production

F-31032 & MIL-PRF-55110 Certified

Advanced RF/Microwave PCB Solutions

American Standard Circuits
475 Industrial Drive e West Chicago, IL 60185
630.639.5444 e sales@asc-i.com

www.asc-i.com
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and nanoscale silicon, circuits are be-
ing investigated at RF and millimetre
wave frequencies.

There is also increased interest in
GaN technologies. These technolo-
gies have been developed in Europe
for the last 20 years, providing a strong
groundbase from material substrate to
qualified industrial sources. Previous-
ly limited to roughly 20 GHz in terms
of application, progress is underway
to extend to 40 GHz at the industrial
level, and up to E/W frequency bands
at the R&D academic level.

National and European adminis-
trations are committed to the objec-
tive of progressively achieving the
complete GaN supply chain inside
Europe. As a result, players in Europe
are now able to address the substrate,
epitaxy, foundries and packaged prod-
ucts. Space evaluated technology
covering applications up to C-Band
has been available for several years in
the EPPL list of the European Space
Agency (ESA). This domain will be
extended up to Ku/Ka-Bands in the
coming years.

At the product development level,
there is a clear trend to make com-
patible power GaN technologies and
plastic based packaging through man-
agement of the thermal heating and
the reliability. This is mainly moti-
vated by a cost reduction approach.
Another trend is a mixing of different
technologies inside the same package
(GaN/GaAs/SiGe/CMOS) to offer full
functionality inside a single package
(SiP), creating more added value and
so mitigating the access cost of such
technologies at system level.

The trends that have been outlined
indicate the direction that RF and micro-
wave research and applied technologies
are taking in the integrated circuits and
semiconductor arena.

«...development
of new multi-
dimensional
signal processing
methodologies...”
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Universal Footprint RF Duplexers
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j

Universal-footprint series of RF filters from (TS provide

ceramic filters support 20-year operating

better communications in small cells, active antenna lifetimes and as much as 200 W peak input

arrays, distributed antenna systems (DAS), power handling capability. Universal

repeaters and remote radio heads. This new footprint filters provide industry-leading

breed of ceramic monoblock filters is offered ™ insertion loss and rejection. For more

™ j} ® information on our ceramic universal
- - duplexers and bandpass filters go

. to www.ctscorp.com.

for all the major 3GPP FDD frequency bands,
sharing a common footprint for ease of system
design. Our high-reliability, surface-mounted,

Filters with Industry-leading insertion loss and rejection.

UMB/UMD usbD UPD

Pair of Bandpass Filters DUPLEXER DUPLEXER
For Metro Cell For Small Cell For Pico Cell
We offer three complete families of universal footprint duplexers. . 20W Avg 6W Avg 1.5W Avg
Input Power Rating 200W Pk 60W Pk 15W Pk
Insertion Loss (5MHz AVG) 2.2dB 2.6dB 3.0dB
Rx Band Isolation* 80dB 72dB 63dB
Tx Band Isolation 74dB 66dB 57dB
Shown: the USD004 Duplexer Universal Footprint Size (mm) 62 x 44 63x18 44x18
Operating Temp Range -40 to +85°C -40 to +85°C | -40 to +85°C

* Note: “Difficult” bands may have 2dB lower worst case Rx band isolation.

CTS.

ELECTRONIC COMPONENTS

www.ctscorp.com « RFFilter@ctscorp.com « me
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PROTOTYPING

Order a prototype station kit

— —— / Xmicrowave.com/proto

Test, align & configure complete microwave assemblies

Solderless probing & interconnects to 50 GHz

o)
o
O Use actual components in prototyping (100’s of Drop-Ins)
O Validate designs directly on the prototype plate

o)

Eliminate pitfalls from prototype to production

(512) 355-7115

11 I Crowave Xmicrowave.com

Now You Have a Choice!

Until now, the choices for temperature variable attenuators were slim. Now
you have a choice. /725 introduces the AVX series of thick film temperature
variable attenuators. The AVX series is a highly accurate, extremely robust
family of temperature variable attenuators that drop directly onto the
incumbent’s footprints. There is no need to change an existing design to

accommodate an alternate device.
i e

AVX-1412WA06 AVX-0706SS12 AVX-07065S20

The AVX Series have these features:

* Values from 1 dB to 10 dB

» Compensation curves from N3 to N10
* Surface mount or wire bond

» Single side or wraparound

* Nickel/tin or gold

* 6 GHz, 12.4 GHz or 20 GHz

This is just the beginning. Contact us to learn more.

.-m ...the compensation you deserve!

International Manufacturing Services, Inc.

50 Schoolhouse Lane, Portsmouth, RI USA 02871
Tel: 401.683.9700
www.ims-resistors.com/mwj.html
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Radar

Sector overview by Laurent
Ferro-Famil, EURAD 2015 Chair

The radar sector is a continuously
growing area of research and devel-
opment, with numerous and very
productive interaction between in-
stitutional, industrial and academic
partners, centered on technological
breakthroughs, high level signal pro-
cessing concepts and techniques and
innovative applications and products.

Besides the historical defence-ori-
entated use of radar, the most dynami-
cally expanding radar activities relate
to civil applications, where diversities
of operating scales, from micro-local
to worldwide; of products, i.e., devic-
es, data and expertise; and of topical
domains, ranging from environmental
sciences to safety and security, en-
compassing medicine and industrial
needs, have generated a wide and ac-
tive market.

This growth is clearly illustrated by
the high scientific and technological
contributions presented in the frame-
work of the 12th European Radar
Conference, in particular with regards
to three areas of intense development:
multi-channel radar systems and pro-
cessing techniques, imaging radar,
and mmWaves and THz radar.

Multi-channel radar systems play
a key role in the rapid increase in the
number of applications and market
opportunities in the radar sector. The
joint use of several sources of passive or
active radar information operated over
one or more modes of diversity, such as
space, time, frequency or polarization,
results in significantly improved global
capabilities, in terms of detection per-
formance, unambiguous operating do-
mains, hardware complexity and cost,
and estimation accuracy.

Such high performance systems
appear in a wide range of applications
from mass market local measure-
ments through to satellite missions.
The evolution, in terms of hardware
solutions and applications, of multi-
channel systems deeply depends on
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The BB60C. Real-time spectrum analyzer & RF recorder.

Performance Specs Value
Sweeps 24 GHz / sec 9 kHz to 6 GHz & powered over USB 3.0  Try the BB60C risk-free for only

Exceptionally clean spurious  DANL-158 dBm + 1.1 dB/GHz (>10 MHz) 2 879
and residual responses . . [
-40°C to +65°C operating temp available

Calibrated streaming I/Q data at full accuracy E’>0-daytm?4ne{j back gouaranstee&Z-Syeart

warranty. Hardware, Open Source Spectrum
from 2_50 kHz up to 27 MHz +50 n tim tam (W/ xt GPS) Analyzer Software, & APl included.
bandwidths +oU ns time stamp (w/ext.

1.800.260.TEST

+1.360.263.5006 (International)
www.SignalHound.com/MW]
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AMPED-UP

Distributed Amp Provides
2 dB of Positive Gain Slope.

That's right, positive gain slope. Which
means if you're cascading amplifiers, you get
incrementally more power, not less. And with
fewer amps now required to do the job you
have as much to save as you do to gain.

Download the full CMD192 datasheet
today.
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the current capabilities of RF compo-
nents and on the development of new
multi-dimensional signal processing
methodologies, orientated towards
MIMO and cooperative network
techniques, waveform design, sparse
sampling and signal reconstruction
and robust processing.

Imaging, considered as the precise
localization of sources of signals in a
multidimensional space, is becoming
an essential feature of new radars. Be-
sides its traditional use for large-scale
mapping, imaging is widely addressed
in non-destructive testing, localiza-
tion, physical parameter estimation,
and automatic target detection and
recognition applications.

Signal focusing techniques may
also be used to characterize RF
components, electronic cards or de-
vices, like complex antenna systems,
anechoic chambers, in order to
check local field distributions, look
for potential defects or resolve EM
compatibility problems. Imaging
can be coupled to a large range of
signal processing techniques aimed
at enhancing the resolution of analy-
sis, reduce acquisition requirements
in terms of SNR, time and spectral
occupation.

“Imaging can

be coupled to a
large range of
signal processing

techniques...”

mmWave and THz radar rep-
resents one of the most promis-
ing fields of the sector. The use of
higher frequencies provides many
advantages, such as more refined
spatial and Doppler resolutions and
significant potential for integration
through the drastic reduction of the
size of the systems.

On-chip radars or miniaturized
array-based systems will provide
multiple and  high-performance
functionalities at a reduced cost,
well adapted to short range appli-
cations. The combined use of such
devices together with digital com-
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‘We supply
Components in |
the frequency range
of DC to 71.00 GHz.

Please visit us at:

Almost any Waveguide to almost any Coax Connector.
WG Materials : Aluminum, Copper, Brass
Connectors : 1.85 mm...SMA.. e
TNC....N...7/16....

See us at EuMW Stand 128

P.O. Box 450533
Facsimile: +49-89-3548-0490
Email: Sales@spectrum-et.com

80905 Munich, Germany
Telephone: +49-89-3548-040


http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=115&exitLink=http%3A%2F%2Fwww.spectrum-et.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=115&exitLink=http%3A%2F%2Fwww.spectrum-et.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=115&exitLink=mailto%3Asales%40spectrum-et.com

SpecialReport

ponents similar to those introduced
in the telecommunications domain
should enable very appealing, soft-
ware defined or reconfigurable types
of applications.

The radar sector is in a period of
rapid and deep growth. It is not only
benefiting from technological devel-
opment itself but often inspires other
fields of activity such as RF compo-
nent and device design or signal pro-
cessing.

CONCLUSION

Odl.ll_al' AUtomatEd MUlti-Chanl'IE| Like other market sectors in Eu-
RF_Blased Bum_ln Test Systems rope the RF and microwave indus-

try has to steer a course through the

Mitigating the Risks of Product Failures in the Field economic downturn and address the

The only integrated instrument that can demonstrate compliance ;Sr?gerselcj Ciﬁg:g%ggg%?ﬁggi&% Cﬁi
with aerospace, government, and commercial RF semiconductor a skilled car mechanic .it has the ,right
life test standards (GaAs, SiGe, GaN, SiC, InP and RFICs). Used by tools to encineer positivity and proo-
a majority of contractors participating in the DARPA wide-band-gap 5 P v Prog

(WBG) semiconductor iniiative and the follow-on Title lll Program. ress — an educated workforce, a strong
tradition of academic excellence and

a long history of technological and in-
dustrial development.

Nce” -EF info@accelrf.com | www.accelrf.com As we turn the corner and exit the
ftt sty ; i economic downturn, research and in-
novation is becoming increasingly im-
portant. It is seen as an investment in
the future that is at the heart of the
EU’s blueprint for smart, sustainable
and inclusive growth and jobs. Those
countries that invested in R&I before
and during the crisis have often been
most resistant to economic hardship,
which is a good reason why more
ADVANCED COMMUNICATIONS should be striving to reach the EU
target to invest 3 percent of GDP in

High Power Amplifiers / Low Noise Amplifiers /Waveguide Components / Antennas & Cavity Filters R&D.
Modules & Systems / Power Levels available up to 3SKW / Frequencies available up to 40GHz As can be seen from the examples
e —— given in this report, the European RF
and microwave industry, helped by
Horizon 2020 and other initiatives, is
at the forefront of the latest technolo-
gies, with a significant role to play in
shaping the future and influencing
global markets. Not all initiatives have
to be large scale — SMEs are the back-
bone that collectively supports the RF
and microwave skeleton in Europe,
able to use their inherent flexibility
and economies of scale to be agile and
adaptable to changing market condi-

EXODUS ADVANCED tions. )
COMMUNICATIONS Whatever the source, cutting edge
engineering and design and innovative
Exodus Advanced Communications, Corp. Sales contacts entrepreneurship that has the ablhty
170 S. Green Valley Parkway Suite 300 Henderson, NV 89012 U.S.A. Inside Sgles : Christy Strahan An@r;on to turn research into technol()gy and
Tel : 1-702-534-6564  Fax : 1-702-441-7016 Domestic/International Sales : Bill Liebman . A
Email : sales@exoduscomm.com  Web : www.exoduscomm.com Technical Sales : Effi Bainvoll bnng teChnOlOgy to market WIH be a

key driver for future prosperity. B
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(APECS) — offering thin-film tolerances proven in Mars missions & ready for
& performance, at a thick-film price tough terrestrial settings, too

Space-qualified couplers & power RF solutions for next-gen AESAs —
dividers — high-rel, lightweight & low- including manifolds, T/R modules & beam-
power for today’s satellite applications formers for air, sea, and land platforms

Isn’t it time to put Anaren innovations
like these to work for you?

Fast-approaching our 50th anniversary — and this year celebrating our 1 billionth Xinger®-brand
coupler sold! — today’s Anaren continues to drive innovative, best-in-class RF technology for
the world’s most demanding space, defense, wireless, and consumer electronics customers.
> Our Space & Defense Group offers a fast-growing range of passive and active solutions,
including multichip modules, IMAs, and custom solutions for today’s digital radars. Exciting,
new PCB and ceramic substrates and multilayer packaging techniques. And a growing line-up
of space-grade components and high-temperature modules.
> Our Wireless Group continues to reinvent the passive components category. From new, Femto-
sized and mil-grade Xinger®-brand SMTs. To subminiature baluns and couplers for consumer

products. To our growing family of Anaren Integrated Radio (AIR) modules and other solutions
for the wireless IoT.

To learn more about how today’s Anaren

-l ; ®
can make you more competitive tomorrow = L Anaren

— visit www.anaren.com or email us at What'll we think of next?®

sales@anaren.com today! 800-411-6596 > www.anaren.com
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Meeting 5G Test and
Measurement Challenges

Martin Schmaehling
Rohde & Schwarz, Munich, Germany

he boom in mobile Internet access due
Tto smartphones and tablet PCs has made
LTE and LTE-Advanced the fastest
growing mobile technologies. Because of the
requirements of smartphones and tablet PCs,
LTE and LTE-Advanced have been optimized
for high data throughput to wireless users.
However, when it comes to the requirements
for 2020, it is foreseen that many new scenarios
and applications need to be supported. These
requirements and possible solutions are a topic
of 5G research. Traditionally, the official defi-
nition of next-generation mobile communica-
tions systems comes from the ITU. Today, the
future 5G requirements are being studied.
The Internet of Things

modulation schemes are also being demanded.
While mobile network operators and network
vendors have experience in frequencies from
700 MHz to 3 GHz for cellular networks, milli-
meter wave technology and signal propagation
is a new field.

Exploiting the required frequency band-
widths will require mining these new fre-
quency bands. One area of 5G study is explor-
ing radio wave propagation characteristics at
higher carrier frequencies, also referred to
as channel sounding. Universities in the U.S.
have conducted early research on the propa-
gation characteristics of a 28 GHz signal in an
urban environment. Recent investigative work
by several research initiatives

(IoT) is a concept whereby
more and more devices such
as emergency systems, robots
and home automation equip-
ment will increase the number
of connected devices many
times over. The requirements
of these devices will differ vast-
ly from those of smartphones

all over the world now includes
using the 60 GHz ISM bands
and frequencies around 73
GHz. A network operator in
South Korea has announced
that it will run a 5G network
at the 2018 Winter Olympics
in Pyeongchang in the 28 GHz

range.

or PCs. Some will require ex-
tremely high data rates, while
others will send or receive minimum amounts
of data and require the simplest possible radio
access procedure and many years of battery
lifetime. The “tactile” Internet aims to support
steering and control via the Internet. Examples
range from mobile gaming and remote control
of robots to healthcare applications. For con-
sistent user perception, round trip times in the
order of 1 ms are required.

Today’s cellular technology cannot meet
these requirements. We therefore anticipate
that 5G will require much wider frequency
bandwidth, which is only available in the mil-
limeter wave domain. Bandwidths up to 2 GHz
are being discussed. New waveforms and new

The LTE air interface does
not efficiently meet all 5G
requirements. The 10 ms frame duration is
too long for round trip times to meet the
requirements of tactile applications. The cy-
clic prefix is considered overhead and causes
latency. Therefore, other means are needed
to avoid intersymbol interference (ISI) and
intercarrier interference (ICI). A filtered
multicarrier approach is being studied in
order to achieve synchronous and asynchro-
nous traffic types, with loss of orthogonality
in some cases. Different techniques are be-
ing investigated, such as filter bank multicar-
rier (FBMC), universal filtered multicarrier
(UFMC) and generalized frequency division
multiplexing (GFDM).

MICROWAVE JOURNAL m AUGUST 2015
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ULTRA-WIDEBAND SIGNAL ANALYSIS

Mobile devices require physical layer conformance tests
in line with their specific standards. The required trans-

A Fig. 1 R&GS FSW signal and spectrum analyzer with R&S RTO
oscilloscope.

Spectrum Analyzer
Analog IF Filter

RF In IF 2 GHz Out

mission test parameters and procedures with LTE, for ex-
ample, are defined in the standards 3GPP 36.141 (for base
stations) and 3GPP 36.521 (for mobile devices). These pa-
rameters and procedures include spectral measurements
at frequencies up to 12.75 GHz and signal demodulation
with up to 20 MHz analysis bandwidth. Signal and spec-
trum analyzers are used for these tests. However, because
of the required frequency range and analysis bandwidth,
the foreseen requirements for 5G testing cannot be met in
the same straightforward way as with LTE.

In order to digitally demodulate signals, spectrum
analyzers are the instrument of choice. Spectrum analyz-
ers with demodulation bandwidth up to
about 500 MHz are commercially avail-

Oscilloscope

able today. Combining the advantages of
high-end spectrum analyzers for spectral
measurements with those of cost-effi-

A

A

> cient midrange oscilloscopes is a concept

10 MHz Clock

A/D Converter | 1D signal analysis that extends the analy-

sis bandwidth to up to 2 GHz. The ana-

A\

Equalizer +
Down-Sampler

User
Sample Rate

Application

A Fig. 2 Simplified block diagram of signal and spectrum analyzer with oscilloscope for wide-

band signal analysis.

Preferred
Power Products

O3

Dual Directional Couplers to 2000 Watts

lyzer downconverts to an intermediate
frequency (IF). The IF of the spectrum
analyzer must be high enough to sup-
port the required frequency bandwidth.
In addition, it must still be low enough
for the oscilloscope to fulfill the Nyquist
sampling theorem.

Such a combination is shown in Figure
1, with the block diagram of the combina-
tion in Figure 2. The signal and spectrum

LAN

A division of:

MICEOWAYE CORPORATION

*Note 1: Coupled ports are matched for use in 50 Q system

www.preferredpowerproducts.com
Tel: 772-485-9786 | sales@preferredpowerproducts.com

Fr Coupli Power | Freq y | Insertion | Directivity VSWR Model

(MHz) (db) (watts) | Flatness Loss (dB) min. Pri. Sec. Number

(+ dB)max. | (dB) max.

20-100 |[40+1.0|1000| 075 | 0.20 24 1.5 *Note1 | PCD-20-100-1KN40

20-100 |40+1.0|2000| 075 | 0.20 24 | 1.15 *Note1 | PCD-20-100-2KSCN40 =

100-500 | 40 +1.0 | 1000 | 0.30 0.60 24 | 1.15 *Note1 | PCD-100-500-1KN40 Features:

100-500 |40 +1.5|2000 | 0.60 | 0.40 24 | 1.15 *Note1 | PCD-100-500-1KSCN40 = High CW & Pulse Power
100-2000 | 30 +0.5 | 100 | 1.50 | 0.35 20 |1.25 1.25| PCD-100-2000-R1S20 spelnitermaliHigh Power Loads For High Directivity
200-6000 | 30+1.5| 500 | 1.50 | 0.50 15 | 1.25 1.25| PCD-200-6000-R5N30 L e R
400-1000 | 4015|1000 | 0.20 | 0.20 23 [1.25 1.25| PCD-400-1000-1KN40 roadband Frequency Ranges
400-1000 | 40 +1.0 | 2000 | 0.25 0.20 23 [1.15 1.25| PCD-400-1000-2KSCN40 = Low Insertion Loss / High Directivity
500-3000 [30+1.0|1000| 025 | 0.20 23 |1.15 1.25| PCD-500-3000-1KSCN30 Applications:
500-3000 | 40+1.0 | 1000 | 025 | 0.20 23 [1145 1.25| PCD-500-3000-1KSCN40
500-3000 [60+1.0|1000| 025 | 0.20 20 |1.15 1.25| PCD-500-3000-1KSCN60O = Accurate Power Sampling
800-4200 [40+15| 300 | 030 | 0.25 20 [1.25 1.25| PCD-800-4200-R3N40 *  High Power Leveling Loops
1000-2000| 30 1.0 | 500 | 0.30 | 0.20 20 [120 1.25| PCD-1000-2000-R5NS30 Bt e T e
1000-2000| 40 +1.0 | 500 | 0.30 | 0.20 23 |1.20 1.25| PCD-1000-2000-R5NS40 ) —
2000-4000| 30 +1.0 | 300 | 0.80 0.30 20 [1.20 1.25 | PCD-2000-4000-R3N30 *  Simultaneous Power Monitoring

A division of Pulsar Microwave Corporation. 48 Industrial St W, Clifton NJ 07012 - Tel: 973-779-6262 - sales@pulsarmicrowave.com -

Wide variety of connector configurations available.
Custom frequencies and coupling values. Call for quote.
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www.pulsarmicrowave.com S

120

MICROWAVE JOURNAL m AUGUST 2015


http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=120&exitLink=http%3A%2F%2Fwww.preferredpowerproducts.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=120&exitLink=mailto%3Asales%40preferredpowerproducts.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=120&exitLink=mailto%3Asales%40pulsarmicrowave.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=120&exitLink=http%3A%2F%2Fwww.pulsarmicrowave.com

Instantly Improve the
Performance of Your
Phased Array Radar!

Phased Array Radar system performance has long been limited by the phase change over
temperature of coaxial cables.

Not anymore!

TF4™ - our proprietary, ultra stable dielectric material significantly improves Phased Array Radar
system performance by reducing the phase change of the interconnecting coaxial cables.

Typical PhaseTrack TF4™ Performance Typical Low Density PTFE Performance

N

PhaseTrak TR™ m—
|_Tracking Window=——— |

Phase change [PPM)

¢ Available NOW in various flexible coaxial cable and semi rigid coaxial cable assembly sizes
¢ Perfect for all Ground, Naval, Airborne or Spaceflight Phased Array Radar applications

* Frequency ranges to 40 GHz

¢ Wide range of connector types available

¢ Best Phase Tracking and Absolute Phase Change performance available

WIMES MICROWAVE SYSTEMS

An Amphenol Company

See us at EuMW Stand 142
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A Fig. 3 Demodulation of a signal with a 1.8 GHz symbol rate.

analyzer features an IF of 2 GHz. The oscilloscope digitizes
the signal and transfers it back to the analyzer over a local
area network (LAN). The analyzer equalizes and resamples
the signal and mixes it into the digital baseband. The mea-
surement software options on the signal and spectrum ana-
lyzer receive equalized I/Q data at a user-defined sample
rate. This concept allows the analysis of signals up to the
maximum frequency of the signal and spectrum analyzer,

‘ XtalTQ

m e.g., 67 GHz for the instrument shown.
- The setup of a signal and spectrum
analyzer with an oscilloscope as external
Bl analog-to-digital converter is straightfor-
ward. The analyzer firmware fully con-
trols the oscilloscope. The user operates
the measurement characteristics in the
same way as with classical internal ana-
log-to-digital converters.

Figure 3 shows the demodulation of
a signal with a symbol rate of 1.8 GHz at
a center frequency of 9 GHz. With the
equalizer function of the measurement
application, an error vector magnitude
(EVM) value of 2 percent is measured. The
measurement application for vector sig-
nal analysis now offers many functions for
g in-depth digital signal analysis. The result
summary table displays EVM, phase error,
magnitude error, carrier frequency error,
symbol rate error and constellation distor-
tion values. The display of the equalizer function helps to
detect effects of a non-equalized frequency response or filter
mismatches of the device under test.

While 5G is not yet defined, many research projects and
early initiatives call for high modulation bandwidth at fre-
quencies greater than 20 GHz. Signal and spectrum ana-
lyzers with up to 2 GHz demodulation bandwidth up to 85
GHz are commercially available today for straightforward
measurements of spectrum and modulation parameters. l
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0.5-8GHz

New
7lltra- Wideband Low Noise Amplifiers

Low noise, high dynamic range, high output power, and flat gain from 0.5 to 8 GHz, 0n/y$6%f9000)

all in a single model! And it’s very easy to use: a simple fixed inductor at the input and FEATURES

output provide matching over the entire band!” It's ideal for sensitive, high-dynamic-range Low Noise, 1.3 dB

receivers, instrumentation, defense systems, LTE, WiFi, S-band and C-band radar, High Gain, 21dB

satcom and more! It operates on a single 5V supply and comes in a tiny 3x3mm MCLP Excellent gain flatness, +0.7 dBt
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A Fig. 1 Package view (top and bottom) of
the 71 to 76 GHz transceiver.
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E-Band Front-End Module
for Multi-Gbps Radio Links

]aﬁjit Singh Bal

Infineon Technologies North America Corp.

mand will grow to 24.3 exabytes (1 billion

glgdbytes) per month from the present
\ 2.5 exabytes per month with 97
| percent of this growth due to
smart mobile devices. An aver-
age smartphone user currently
uses 800 MB/month and this is
projected to rise to roughly 4000
MB/month in 2019.1 With the
growing number of apps, cloud
computing, video streaming and
other bandwidth consuming ser-
! vices the demand for mobile data
services will continue to grow

rapidly.
' Even though mobile devices
are getting faster by incorporat-
ing new technologies like LTE-
Advanced, to provide good qual-
ity-of-service (availability, fast
speed, Connectivity) at reason-
able prices to the end customers
the network operators also need
the backhaul networks which
have low latency, much higher
capacity and lower total cost of
ownership.

Optical Fiber is preferred
for backhaul because of the
high capacity and scalability it
can provide but the total cost of
ownership (TCO) is quite high.

It is projected that in 2019, global data de-

Sometimes it is not feasible to install the fiber
in urban areas; longer deployment time, ex-
pensive leases and the required approvals from
the relevant authorities often make this solu-
tion unattractive to carriers.

Microwave radios connect more than 60
percent of all the base stations today but their
capacity has been pushed to the limits by us-
ing higher modulations, wider channels, polar-
ization multiplexing techniques and radio link
bonding.? The limited channel bandwidth of
up to 56 MHz will not be sufficient in future to
provide multi-Gbps capacity for the backhaul
and fronthaul. On the other hand, in E-Band
there is 10 GHz of spectrum available, where
even simple modulation schemes can be imple-
mented to achieve several Gbps capacity.

E-Band has worldwide availability, is light-
ly licensed, interference free, has much wid-
er channel bandwidths (250 MHz and above)
available and also low oxygen absorption, al-
lowing much longer hops. Wireless links can
be deployed quite quickly compared to opti-
cal fiber and also now the technology exists
that makes the total cost of ownership of the
point-to-point radio link lower than optical
fiber. A number of IC manufacturers have
developed chip sets for E-Band transceiv-
ers, some in silicon and others in GaAs. This
article discusses the radio link design and
performance that can be achieved at E-Band
with a front-end design using Infineon SiGe
transceivers.
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E-BAND TRANSCEIVERS

E-Band transceivers which can be
used for multi-Gbps point-to-point
radio links have been developed in
SiGe technology. High capacity mac-
rocell backhaul, small cell backhaul,
fiber extension or replacement, com-
mon public radio interface (CPRI)
interconnection are some of the ap-
plications which are addressed by the
E-Band links. Figure 1 shows an E-
Band transceiver for the 71 to 76 GHz
band.

In this example, the transceiver
chip is fully differential and features
a direct up and down-conversion ar-
chitecture for the Tx/Rx chain. The
transmitter, depending upon frequen-
cy, can deliver up to +14 dBm satu-
rated output power. The receiver has
a double sideband noise figure of 8 dB
for the 71 to 76 GHz band.

The transmitter includes a single
sideband modulator, a variable gain
amplifier and a power amplifier. The
transceiver is controlled with a serial
peripheral interface (SPI), which can

be used to set the variable gain am-
plifier (VGA) gain in the Tx chain,
calibrate the carrier leakage at the
Tx output, read the integrated power
and temperature sensor. The trans-
ceiver can be used in both time divi-
sion duplex (TDD) and frequency
division duplex (FDD) systems. The
chip can be switched between Tx and
Rx modes in under 1 ps via SPI to en-
able it to be used in TDD mode. The
internal VCO of the transceiver has
phase noise better than -80 dBc/Hz at
100 kHz offset from the carrier, which
enables radio links with complex
modulation schemes to work even in
narrower channels to achieve greater
than 1.3 Gbps capacity with 256-QAM
in the 250 MHz radio channel.

SiGe bipolar technology offers
excellent flicker noise performance
in comparison to CMOS based tech-
nologies, which enables the realiza-
tion of oscillators with high purity
outputs. This in turn helps to achieve
higher order modulation schemes and
also excellent receiver noise figures

Carrier Residual

Suppression

at lower IF frequencies. The E-Band
transceivers require only single supply
voltage of 3.3 V and consume 1.5 W in
Tx mode and 1.2 W in Rx mode.

E-BAND FRONT-END MODULES

Based on these mmWave transceiv-
ers, front-end modules (FEM) have
been designed which could be used for
radio links with greater than 1 km long
hops and over 3 Gbps data rates. The
block diagram of an E-Band FEM is
shown in Figure 2. In order to cover a
longer range (> 1 km) with higher order
modulation schemes (up to 256-QAM)
using this reference design, a packaged
power amplifier (PA) is used at the
output of the Tx chain. The saturated
output power at the antenna port can
be as high as +21 dBm. This topology
provides sufficient power at the anten-
na port to account for the back-off for
higher order modulation schemes, the
transition losses on board and the losses
in the diplexer, as well as having the re-
quired fading margin.

On the receiver side, an external

Motherboard
X M\ 1Tx
b .
{ "> & Out
~_ Tx Flange
T (1)
on— >3] 2 >
(1, Q) Signals ":2."_‘;%“
from Modulator DAC DAC D x 71 to 76 GHz
1 Q =
2x GaAs
'y Packaged
PAs
SPI Bus
vCco
Local Tuning
PC Controller Board " Voltage
usB 2
Interface -
c Flash & External PLL1
— ¥ Henen — RF Module WR12
Antenna
h 4 Flange
External PLL2
Rx AGC
Control vco
Tuning
T Voltage
Rx
SPI Bus e
Flange
A 4 L 4 . . 50 to & 81 to 86 GHz
nfineon 100 O 4_@
BGT80
Balun
I Rx
s
Packaged
(1, Q) signals VGA Rx 2 VGA Rx 1
to Demodulator

A Fig. 2 Block diagram of the E-Band front-end module.
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USB Connector

MC
Power Supply

1/Q Differential
Baseband Tx Ports

IIQ Differential
band Rx Ports

(a)

Motherboard
with FR4 PCB
RF Module
with
RO3003 PCB

GaAs LNA
Amplifier
Infineon BGT80

PLL Fractional Transceiver

Synthesizer

Infineon BGT70

Transceiver

(b)

Dipl Filter

P

Antenna Port

(c)

A Fig. 3 E-Band front-end module evaluation board (a) RF module
(b) diplexer filter and antenna port (c).

variable low noise
amplifier (LNA) is
placed before the E-
Band transceiver in
order to increase the
system sensitivity.
The receiver section
features automatic
gain control circuitry
with two stages of
external VGA. These
are used to deliver
a constant level IF
signal to the modem
even in the case of
variations in the re-
ceived signal at the
antenna port. The
dual channel dif-
ferential VGAs are
able to cover around
2 GHz of baseband
bandwidth. A micro-
controller is used to
control the E-Band
transceiver and the
on board PLLs via
SPI interface.

For E-Band
transceivers, it sets
the Tx/Rx mode, Tx
VGA control, LO
leakage calibration,
reading chip ID,
reading power and
temperature detec-
tor, real time Rx
AGC. For the PLLs
it is used to set the

center frequency, charge pump cur-
rent and reference oscillator offset. An
interactive graphical user interface al-
lows the user to control various settings
of the E-Band transceiver and PLL via
USB connection.

EVALUATION BOARD FOR
E-BAND FRONT-END MODULE
The RF circuitry of the FEM is
implemented on a substrate (Rogers
RO3003) that was chosen because of
relatively low losses at 71 to 86 GHz,
lower coefficient of thermal expansion
(CTE) in the XYZ plane and low ten-
sile modulus, and the rest of the base-
band and control circuitry is designed
on an FR4 board. The FEM has an
SMA interface for the differential I/Q
baseband signals, which allow easy
interfacing with an external modem.
The diplexer is mounted into the heat
sink beneath the motherboard. The
evaluation board is powered from an
external +12 V supply. The step down
converter and low dropout voltage
regulator are used to convert +12 'V
into lower voltages required by vari-
ous blocks on the evaluation board.
The top and bottom views of the FEM
are shown in Figures 3a through 3c.

TRANSMIT CHAIN

The chipset integrates an on-chip
voltage-controlled  oscillator whose
output frequency is controlled by an
external PLL circuit available on the
module. The E-Band transceivers
have an internal divider; divide-by 32,

NOISE AND GAIN

TEST EXTENDERS
50 To 140 GHz

STG sanes full band nolse figure and gain test extendsrs are offered to
m:l ihe noisa and gain measurement capacity to the frequency range of
i) ﬂﬂzpm waveguide bands. These extenders are designed to
& wilh industry standard nolsa/gain teat systems, such as
Aghent BST0AB or to any nodsedgain analyzers with an
input frequency in the range of 10 MHz to 1.6 GHz capacity.

E 424—?5-0133 | F- 434:
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A Fig. 4 Phase noise performance across 71
to 76 GHz (a) and 81 to 86 GHz (b).

which provide the RF signal to the ex-
ternal PLL. An onboard crystal is used
to provide the reference signal to the
PLL. A fractional PLL is used to lock
the carrier to the specific channel in
a band. The measured phase noise at
the antenna port of the FEM is shown
in Figures 4a and 4b.

The baseband bandwidth for the
E-Band transceiver is specified to
be 1 GHz, which translates into RF
bandwidth of 2 GHz. The IF levels
fed into the Tx chain of the FEM can
be adjusted by the VGA in the IF Tx
chain or to some extent by the modem
itself. The E-Band transceivers have
an internal DAC at the transmitter
side to suppress the LO leakage at the
Tx port. The onboard microcontroller
runs the algorithms, which are used to
do LO leakage calibration. External
DC biasing at the modulator inputs
of the E-Band transceivers allow fur-
ther suppression of the LO leakage for
higher order modulation schemes.

In order to have a higher capacity
link for longer hops the output of the
E-Band transceiver is fed into two ex-
ternal packaged GaAs power amplifi-
ers. A low loss microstrip to waveguide
(WRI12) transition is designed at the
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A Fig. 5 Output power at 1 dB compression
across 71 to 76 GHz (a) and 81 to 86 GHz (b).

output of power amplifiers to feed the
signal to the diplexer. The integrated
diplexer on the module has low inser-
tion loss (under 0.5 dB) and higher
isolation (greater than 70 dB) in order
to prevent any kind of desensitiza-
tion of the receive chain. The output
P1dB, measured at the antenna port,
for the 71 to 76 GHz and the 81 to 86
GHz band is shown in Figures 5a and
5b. Table 1 lists the measured output
power at the antenna port with differ-
ent modulation schemes in channel
bandwidth of 500 MHz.

RECEIVER CHAIN

On the Rx side an LNA is placed
before the E-Band transceiver in order
to improve system sensitivity for high-
er order modulation schemes (> 64-
QAM). A low-loss waveguide-to-mi-
crostrip transition and balun are used
to convert the single-ended output of
the LNA to the differential interface of
the E-Band transceiver on the board.
The differential IF output of the E-
Band transceiver is connected to the
automatic gain control chain consist-
ing of the external VGAs and power
detector. The measured noise figure

TABLE 1
MEASURED OUTPUT POWER VS. FREQUENCY AND MODULATION
Output Power (dBm)

f. (GHz) 4-QAM 16-QAM 64-QAM 256-QAM
73.5 18 14 12 8
83.5 18 14 12 8
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and conversion gain of the receiver at
the antenna port across frequencies is
shown in Figures 6a and 6b.

The FEM is currently able to
achieve up to 256-QAM in the 500
MHz channel bandwidth, providing a
data rate of 3.18 Gbps in a bi-direc-
tional link. The measured 256-QAM
constellation for this FDD link oper-
ating at 83.5 GHz is shown in Figure
7. The link is working with a signal-to-
noise ratio (SNR) of greater than 33
dB for the bidirectional link.

The data rate is limited in this
demo due to the limited symbol rate
from the baseband generator. The
E-Band transceivers are specified to
work up to 2 GHz RF bandwidth. A
modem capable of delivering higher
symbol rates (> 500 Msymbols/s) can
provide higher capacity radio links but
with lower order modulation schemes,
e.g., 32 or 64-QAM.

Using much wider channel band-
width will increase the integrated
noise in the band thus reducing the

Advanced
Manufacturing
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SNR required to sustain higher or-
der modulations (> 32-QAM). As an
example, comparing the measured
SNR for the 83.5 GHz link operating
in the 250 MHz RF channel band-
width from Figure 8 with the SNR of
the link from Figure 7, it can be seen
that doubling of the RF channel band-
width reduces the SNR by 2.5 dB.
For the E-Band FEM, link distance
simulations are performed for 99.99
percent link availability. A vertically po-
larized antenna with 43 dBi of gain is
considered, per the minimum antenna
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A Fig. 6 Double sideband noise figure and
conversion gain across 71 to 76 GHz (a) and
81 to 86 GHz (b).
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gain requirements of the FCC. The ITU-R P.837-6 K-region

rain model with rain rate of 42 mm/h exceeded for 0.01 per-

cent of the average year is considered for this simulation.

The fade margin is calculated from the following equations:

* System Gain (dB) = Transmit Power - Receiver Thresh-
old Power for BER of 10-6

System Gain Total Attenuation Free Space Attenuation

Rain Attenuation

100
920
80
70
60

50 —
40
30

20— —

(dB)
\

10— —=

-10

-20 [Max Hop Length

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3
Hop Length (km)

A Fig. 9 Fade margin vs. hop length for a 256-QAM signal at 83.5
GHz with 500 MHz channel bandwidth and +8 dBm power at the
antenna port.

* Total Attenuation (dB) = Free Space Attenuation + At-
tenuation Due to Rain and O,
e Fade Margin (dB) = System Gain - Total Attenuation
The measured receiver threshold for a BER of 106 is
-50 dBm for 256-QAM in a 500 MHz RF channel band-
width. Using the above equations, Figure 9 shows a hop
length of 1 km is achieved for a 3.18 Gbps radio link. Un-
der similar conditions, the link operating with 64-QAM will
cover 1.3 km and 4-QAM will cover 2.4 km.

CONCLUSION

The E-Band FEM reference design is able to achieve a
3.18 Gbps radio link using 256-QAM in a 500 MHz RF chan-
nel bandwidth with +8 dBm of output power at the antenna
port. The module is able to cover 1 km with standard antennas
using 256-QAM and even longer distances with lower order
modulation. The FEM is an all-SMT solution offering excel-
lent performance in a compact form factor with a flexible in-
terface, which can easily be used with an external modem. Il
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cattering parameters (S-parameters) were
first mentioned in articles and textbooks
in the 1950s and 1960s by Matthews, Col-
lins and Kurokawa and popularized by the re-
lease of Hewlett Packard’s first network analyz-
ers in the 1960s. Since then, S-parameters have
been used to describe the complex characteris-
tics of a network by quantifying the RF power
flowing between its ports. S-parameters are es-
sentially the ratio of the reflected and transmit-
ted signal at a given port to the incident signal
at a given port under perfect match conditions
(see Figure 1). When referring to a transistor,
these parameters can be used to calculate return
loss, gain and iso-
lation.!
It is impor-
tant to under-

Jt -

network. When considering a semiconductor
application such as a transistor, this refers to its
small-signal operating condition, in which the
input drive power does not affect the S-param-
eters of the transistor. Under small-signal oper-

1 521 b,
Port1 s, S,, Port 2
b, S12 az

Fig. 1 Generalized two-port network.

=

stand that S-

parameters are

only truly valid \V4

for linear net- ool

works,  where ety N /] 0.05]\ /T\ /]
the character- 0.001 0.04|

istics of the 0.000 > 0.03

network are ~0.001 \ / \ / 0.02 \ / \ /
independent ol \ \ g'g;’ \ \

of the level of 700 04 0.8 1.2 1.6 2.0 700 04 08 1.2 16 2.0

the signal being

driven into the

Fig. 2 Linear operation of a transistor.
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Fig. 3 Nonlinear operation of a transistor.

ating conditions, a transistor will have
linear gain at the fundamental drive
frequency and not excite additional
powers at the harmonic frequencies.
Linear operation of a transistor and
the associated input and output wave-
forms are shown in Figure 2.

The question arises how to thor-
oughly describe and model a transis-
tor operating under nonlinear large-
signal conditions. These conditions
occur commonly for high power and
high efficiency power amplifiers oper-
ating in advanced classes of operation.
Under these operating conditions,
powers are induced at harmonic fre-
quencies when excited by a sine wave,
and in-band and out-of-band modula-
tion products are created under mod-
ulation excitation. Considering a sim-
ple sine wave excitation, a transistor’s
characteristics are dependent on the
level of the input drive signal, shown
in both frequency and time domains
in Figure 3.

When the transistor is in deep com-
pression and its output is composed of
multiple harmonics, the device behav-
ior cannot be described correctly by
S-parameters, which are frequency
domain quantities. It is much more
natural to analyze the behavior of the
device under test (DUT) in terms of
time domain RF voltage and current
waveforms. Clear evidence of this is
provided by the theoretical descrip-
tion of the different modes of op-
eration of power amplifiers, which is
completely done in time domain. In
this case, a nonlinear vector network
analyzer (NVNA) can be used to mea-
sure the incident and reflected a- and
b-waves at the transistor input and
output, in both amplitude and phase.
The data can then reconstruct the
time domain RF voltage and current

001/ v

0.00
00 04 08 1.2

1.6 2.0

waveforms and RF load lines as well
as all the conventional performance
parameters of the device, such as in-
put and output power, gain and effi-
ciency.

Several commercial solutions exist
to measure nonlinear transistor per-
formance. This article will compare
Maury Microwave’s MT4463 large
signal network analyzer (LSNA) and
the MT2000 mixed-signal active load-
pull system (MSALP). The MT4463
LSNA was offered in conjunction with
Agilent’s Network Measurement and
Description Group between 2003 and
2008. The MT2000 is currently of-
fered as an integrated non-50 Q mea-
surement system, in conjunction with
Anteverta-mw.

The LSNA concept was first in-
troduced in the 1980s by researchers
using oscilloscopes to measure volt-
age and current waveforms at the gate
and drain of a transistor. Research
continued through the late 1980s and
early 1990s with the goal of improv-
ing the capabilities of the technique.
The breakthrough that led to the com-
mercialization of the LSNA product
occurred in 1994 with the release of
the Hewlett Packard (HP) microwave
transition analyzer (MTA). In 1996,
HP designed the nonlinear network
measurement system (NNMS), the
precursor to the first LSNA, which
was commercialized in 2003 by Maury
Microwave.

The goal of the LSNA is to measure
the wideband incident and reflected
waves of a DUT at fundamental and
harmonic frequencies using a periodic
CW or periodically modulated signal,
as shown in Figure 4. The injection
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Fig. 4 Signal flow of LSNA with exemplary 50 ohm termination.
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Fig. 5 Functional block diagram of the LSNA.

signal is external to
the core measure-

50 Q
Reference
Planes
—>]
IF Digitizer | | PC
and DSP
> Cal SW
Model SW
> System SW

Software for system operation,
measurement calibration
and model extraction

Sampling Converter

ment  instruments
and, depending on
the model selected,
can be used to syn-
thesize single-tone
CW, pulsed CW or
periodically modu-
lated signals (ie., —
multi-tone).

The  hardware |
architecture of the
LSNA is shown in
Figure 5. The DUT
has an associated

|

Filter

Filter

PC Acquisition Unit

IRHIE

Filter

][

iy

Filter

[

,.
(o}

input and output
signal which can
be represented by
waves. The LSNA
test set separates the incident and
reflected waves into four measure-
ment channels. A harmonic-sampler
coherently down-converts the carrier
and the harmonic and modulation fre-
quencies to IF. A 14-bit digitizer and
digital signal processor provides the
raw signal data, and a computer per-
forms error correction to represent

Fig. 6 LSNA sampling converter.

the incident and reflected waves in
the reference plane at the DUT. Ad-
ditional software can plot the data in
multiple formats (A/B, V/I, time, fre-
quency or envelope).

The enabling technology of the
LSNA lies in the HP MTA and its
sampler-based technology, or sam-
pling converter, as shown in Figure
6. With a sampler, all frequencies
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are acquired in the
same measurement
using a fixed LO, ﬁ
including the fun-
damental, harmon-

ics, modulation and e
intermodulation fre- Q
quencies.

In the default Aitline

configuration,  the
LSNA is terminated
with 50 Q. Non-50
Q measurements
are enabled with the
addition of passive or active tuners.
Referring to Figure 1, the reflection
coefficient I'L presented to the DUT
is the ratio ay/b,, where a, is the “re-
flected” wave and b, is the DUT'’s
transmitted power. In order to tune
the impedance presented to a DUT,
the signal a, must be manipulated
such that I'L. = ay/b, is solved.

Passive mechanical tuners may be
used to vary the impedance present-
ed to the DUT. A passive slide-screw
tuner (see Figure 7) consists of a pre-
cision 50 € slab line, with two paral-
lel plates and a center conductor, and
a metallic probe (or slug). When the
probe is completely withdrawn from
the slab line, the signal entering the
tuner passes through with minimal
interference, resulting in a low ay sig-
nal. As the probe is lowered into the
slab line, the electric field of the sig-
nal is interrupted, part of the signal
is reflected back towards the DUT,
and the a, signal increases. As the
probe’s horizontal position changes,
the distance between the tuning ele-
ment (probe) and the DUT changes,
changing the phase of the reflection.
By moving the probe up and down,
left and right, nearly any impedance
can be presented to the DUT, repre-
sented by full coverage of the Smith
Chart (see Figure 8).

With open loop active load-pull, in-
stead of using a passive tuner to reflect
the signal back towards the DUT to
manipulate ay, the signal is terminat-
ed, and a new signal a, is introduced
back towards the DUT. In this man-
ner, the magnitude of reflection can
be as large as the new a, signal allows
— even outside the Smith Chart — and
created at the fundamental and har-
monic frequencies.

One advantage of sampler-based
measurements is speed, since the

Fig. 8 Impedance change by varying the
horizontal (X) and vertical (Y) probe position.

signal across the entire frequency
spectrum is captured at once. An-
other advantage is signal type, since
any periodic signal can be sampled. A
disadvantage of sampler-based mea-
surements is dynamic range, which
is typically limited to approximately
60 to 70 dBc. The LSNA has been
designed as a network analyzer using
wideband receivers to measure vec-
tor corrected incident and reflected
waves, allowing different types of ex-
ternal stimuli, including tuners, to be
configured depending on the applica-
tion. Therefore, external synthesizers
are needed to create the injection
signals to complete the network ana-
lyzer architecture. Also, any non-50
Q analysis requires additional tuning
networks, such as passive or active
tuners. Passive tuners can be used
with any injected signal, however they
provide a wideband response which
can distort wideband signals and de-
grade measurement results. Open
loop active load-pull can be used with
CW or pulsed-CW signals only.

The MT4463 LSNA covered two
frequency ranges, 0.6 to 20 GHz or
0.6 to 50 GHz. The IF bandwidth
was 10 MHz, RF frequency resolu-
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Fig. 10 Realistic wideband signal.

tion was 1 kHz and the measurement
dynamic range was 60 to 70 dB.3
Additional signal sources were nec-
essary for multi tone or modulated
signal synthesis, and passive or ac-
tive tuners were needed for load-pull
measurements.

The MT2000 MSALP is a NVNA
with integrated wideband sources
(two, four or six) that is capable of
measuring a- and b-vector waves and
S-parameters and with inherent wide-
band impedance control capabilities.
The MT2000 covers between 300
MHz and 40 GHz, with 2, 4 or 6 active
tuning loops, modulation bandwidths
up to 240 MHz and a measurement
dynamic range of 80 dB.#

The hardware architecture of the
system is shown in Figure 9. Wide-
band arbitrary waveform generators
(AWG) are used to create a wideband
signal around baseband, which is then
up-converted in the RF test set. The
RF test set consists of local oscilla-
tors (LO) combined with I/Q mixers
to up-convert the baseband signal to

the fundamental and harmonic RF
frequencies and inject source and
load 1/Q signals into the DUT. The
resulting RF signal output is then
down-converted back to baseband,
and its a- and b-waves are analyzed by
wideband analog-to-digital converters
(ADC). Because both the AWGs and
ADCs are wideband, a signal with up
to 240 MHz of bandwidth can be gen-
erated and analyzed.

To generate a wideband signal, a
repetitive time domain modulated sig-
nal, compliant with industry standards,
is generated and then analyzed in the
frequency domain. The signal is com-
posed of thousands of tones, as shown
in Figure 10. The wideband signal is
up-converted and injected into the
DUT as a;. The resulting output signal
b, consists of a modified version of the
original signal, including an amplified
signal at the fundamental frequency
(with the possibility of signal distortion
if modulated) and signals at the har-
monic and baseband frequencies. Be-
cause the device may not be physically
matched at the input, part of the signal
may be reflected as by. The signal flow
is shown in Figure 11.
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Fig. 11 Signal flow of the original injected signal, reflected signal and amplified signal.
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Fig. 12 Signal flow of the original injected signal, reflected signal and amplified signal
(black) and the generated signals for active tuning (red).

Wideband  im-

Quality products

with quick delivery
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877-QUESTMW (783-7869)
(408) 778-4949 Phone
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and harmonic fre-
quencies. The same
technique can be
used on the input ments.

to adjust the source

impedances presented wideband at
the fundamental and harmonic fre-
quencies.

pedance load-pull ) )
(see Figure 12) is 1.5 > 1”5'5"3":'“"““)"": . |
i achieved by varying 1.0 ower b B
prices are our ay at Hz tone spac. 4 05[ppraraastrrhann [
o o tone space & e RN i
[-Y
StarERd el I 111 i
the wideband sig- -1.0 i H
nal. The wideband -1.5, 5 TS T T ™
Q AWGs are used to Time (ps)
UEST Microwave Ine. ) create the pre-dis- 4
0 torted CVV, pulse d N RF S:lgnal :Output Load :
CW or modulated a, 1.0 ; ; : I :
signal at baseband, _§ 0.5 | Load T Loa;\inzlilo:d 3load 4 = "”l HINA N
so the up-converted £ OMAMN \V nwv;""‘“ AR AWV
225 Vineyard Court signal  fulfills the &-05 ; 1 ; ; :
. . -1.0 : - -
Morgan Hill, California 95037 desired  wideband e : : s {Load 1/Load 2iLpad 3iLoad 4
impedance grid at o0 5 10 15 20 25 30
the fundamental Time (ps)

Fig. 13 Time slotting of a CW signal for fast load-pull measure-

The wideband signal generation
and analysis can also be used with
single tone signals where the signal is
divided in time. The record contain-
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As one of the leading suppliers of ferrite
components in the industry, UTE Microwave
has pioneered innovative designs, quality
craftsmanship and exceptionally high quality

products. Custom designs, standards...many

of them off-the-shelf, are the result of over

For M i I ita rv / Ba d ar 35 years of experience in the industry. UTE
An n I i c ati 0 ns Microwave continues this tradition with new
| |

products for ever changing applications.

-
Iso I atorS/c I rcu I alors Our broad line of HIGH POWER, low loss

circulators and isolators spans the spectrum

from below 100 MHz in coax/stripline units

100 MHz HIGH POWER Circulator for Medical,
Scientific and Industrial applications

to waveguide devices at 18 GHz for both

peak and average powers.

HIGH POWER
Drop-in Series

A broad line of low loss HIGH
POWER Drop-in circulators are
available from VHF to Ku band A
including Kilowatt average power —
levels at VHF thru S band. L and
S band radar are a specialty.

A few of these are shown here.
A) 2.7-3.1 GHZ 1 kW pk, 100 W av
B) 1.2-1.4 GHZ 3 kW pk, 300 W av B.

C) UHF TV Band 5 kW pk, 500 W av

1] - 1]
A new HIGH POWER Circulator suitable for FM Broadcast, Our “POWER-LINE

Scientific and Medical applications is now available. The unit (s:?)rl\‘lll‘la\lfutl\tl'ﬁ} ATIONS
provides 10 MHz bandwidth in the 85-110 MHz spectrum. ’
TELECOM,

Specifications are 20 dB min. isolation, 0.3 dB max. loss and MEDICAL, SCIENTIFIC,
1.25 max. VSWR. Operating power is 1 kW average and 25 kW TV, PCS and
peak. The 8-1/2" hex x 2" thick unit operates over a 15°-50° C INDUSTRIAL = A
temperature range. DIN 7/16 connectors are standard. Other markets. c. - : .
units are available at higher frequencies.
The following models are examples of our High Power units FEATURES:

Model No. Power Connectors Freq. Range

¢ Power levels to 5 KW CW, 75 KW Pk.

CT-1542-D 10 Kw Pk 1 Kw Av DIN 7/16 420-470 MHz

CT-2608-S 3Kw Pk 300 WAV  “Drop-in® 1.2-1.4 GHz * Low Intermod Units

CT-3877-S 2.5 Kw Pk 250 WAV “Drop-in” 2.7-3.1 GHz ¢ Low Loss Options

CT-3838-N 5 Kw Pk 500 W Av N Conn. 2.7-3.1 GHz ¢ Extended Octave Bandwidths

CT-1645-N 250 W Satcom N Conn. 240-320 MHz « Power Monitors and DC Blocks

CT-1739-D 20 Kw Pk 1 Kw Av DIN 7/16 128 MHz Medical

¢ |so Filter-Monitor Assemblies
Broadband Units ¢ Common Band Devices e High Isolation

Units e Multiport Devices ® Drop-In Devices e Wireless/PCN
Devices e High-Power Industrial/Medical Iso Adaptors WE
Waveguide Junctions e High-Power TV Units ¢ VHF and UHF 3500 Sunset Ave., Asbury Park, NJ 07712
Devices | temicrowave. m Mlcnlmw INE_ Tel: 732-922-1009 Fax: 732-922-1848

E-mail: infoeutemicrowave.com

Contact us for more information on our extensive product line and current catalog. We accept Visa, MC, Amex
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High-Quality Micro-Electronic Coil Inductors
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« No Tuning Required
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TABLE 1
COMPARISON OF LSNA AND MSALP

Mixed-Signal Active
Load-Pull System
(MSALP)

e Internal Sources

Expanded

MT4463 o Sampler-Based Results in * Modulation Bandwidth Limited
Large Signal Network | Faster Measurements to 10 MHz
Analyzer (LSNA
yzer ( ) * Waveform Reconstruction of | ® No Wideband Impedance
Modulated Signal Control
e Flexibility Quasi-Open Source | ® Dymanic Range Limited to 60
Code to 70 dB
e External Sources Required
e External Impedance Tuning
Required
e Discontinued Platform
MT2000 80 dB Dynamic Range ¢ No Waveform Reconstruction of

® 240 MHz of Modulation
Bandwidth (Plans for Higher
Bandwidths in Future)

¢ Wideband Impedance Control
for Modulated Signals

e Fast Impedance Tuning (1000
Impedance/Power States per
Minute in CW or Pulsed-CW)

e Actively Supported and

Modulated Signals

ing the wave modulation for a single
modulated impedance can contain
several wave magnitudes and phases
representing many single tone imped-
ances. Figure 13 shows an example
of time slotting. In this manner, it is
possible to load-pull 1000 impedance/
power states per minute.

NVNA is a powerful tool to inves-
tigate, characterize and model tran-
sistor technologies operating under
nonlinear conditions. Several com-
mercial solutions offer NVNA capa-
bilities, built around sampler or mixer
technologies and each with their own
advantages and limitations. A com-
parison of the two NVNA method-
ologies discussed in this article is in
Table 1. In determining which ap-
proach to use, consider the type of
injection signal required (CW, pulsed

CW, single-tone, multi-tone or modu-
lated), the level of measurement dy-
namic range, measurement speed,
impedance control methodology (pas-
sive, narrowband active or wideband
active), impedance control speed and
system availability and support. It is
clear that as measurement and signal-
processing technologies evolve, newer
solutions are overcoming the limita-
tions of the past. H
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USB & ETHERNET

Switch position
indicator lights

DC 1018 GHz +0:3389..

We’'re adding more models and more functionality to our line of RF
switch matrices. All models now feature switch cycle counting
with automatic calibration interval alerts based on actual usage,
an industry first! This function improves test reliability and saves
you money. Our new RC-series models feature both USB and
Ethernet control, so you can run your test setup from anywhere
in the world! Rugged aluminum cases on all models house our
patented mechanical switches with extra-long life of 10 years/100
million cycles of guaranteed performance!*

USB Control Switch Matrices

Our easy-to-install, easy-to-use GUI will have you up and
running in minutes for step-by-step control, full automation,
or remote operation. They're fully compatible with most
third-party lab software,t adding capabilities and efficiency
to existing setups with ease! Visit minicircuits.com today
for technical specifications, performance data, quantity
pricing, and real time availability — or call us to discuss your
custom programming needs — and think how much time
and money you can save!

Ne" USB and Ethernet Control Switch Matrices

Model # Switches IL  VSWR Isolation RF Pyax  Price $ Model #Switches IL  VSWR Isolation RF Pyax Price $
(SPDT)  (dB)  (:1) (dB) (W) (Qty. 1-9) (SPDT)  (dB)  (:1) (dB) (W) (Qty. 1-9)
NEWUSB-1SP4T-A18 1 (SP4T) 0.25 1.2 85 2 795.00 RC-1SP4T-A18  1(SP4T) 025 12 85 2 895.00
USB-1SPDT-A18 1 025 12 85 10 385.00 RC-2SP4T-A18  2(SP4T) 025 12 85 2 2195.00
USB-2SPDT-A18 2 025 12 85 10 685.00 RC-1SPDT-A18 1 025 12 85 10 485.00
RC-2SPDT-A18 2 025 12 85 10 785.00
USB-3SPDT-A18 3 025 12 85 10 980.00
USB-4SPDT-A18 4 025 12 85 10 1180.00 RC-3SPDT-A18 3 025 12 85 10 1080.00
USB-8SPDT-A18 8 0.25 1.2 85 10 2495.00 RC-4SPDT-A18 4 0.25 1.2 85 10 1280.00
RC-8SPDT-A18 8 025 12 85 10 2595.00
*The mechanical switches within each model are offered with an optional 10 year extended warranty. NEW
Agreement required. See data sheets on our website for terms and conditions. Switches protected by FEATURE
US patents 5,272,458; 6,650,210; 6,414,577; 7,633,361; 7,843,289; and additional patents pending. SWITCH
TS - ; CYCLE
ee data sheet for a full list of compatible software.
P COUNTING

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003

(718) 934-4500 sales@minicircuits.com
521 rev G
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Flexible Switch
Matrix Solutions

API Technologies, Weinschel

Frederick, Md.

PI Weinschel’s model 8512 switch ma-
Atrix series provides users with access to

multiple individual switches that can be
locally or remotely controlled. Instead of us-
ing a custom switch assembly where all of the
coaxial interconnections between switches are
embedded within the unit, the 8512 program-
mable switch matrix offers the flexibility to
customize the switch architecture by externally
interconnecting the individual switches.

The 8512 series can be configured with up
to 14 failsafe or latching SP3T, SP4T, SP5T or
SP6T switches in one 19 inch enclosure. The
switches cover DC to 18 GHz (Options A and
B) or 26.5 GHz (Option C). Maximum inser-

A Fig. 1 The GUI of the LabVIEW-based switch control center
software (SCCS) enables independent control of each installed switch
to any desired position.

tion loss is 0.5 dB at 18 GHz or 0.8 dB at 26.5
GHz, with maximum VSWR of 1.5:1 and 1.7:1
respectively. Isolation is 60 dB or greater at 18
GHz (Options A and B) and 70 dB or better
at 26 GHz (Option C). Switching speed is 15
msec. Switch life is a minimum of 5 million
cycles (Option C). Each option includes an in-
tegrated switch cycle counter.

The front panel local control and display
make the switch matrix easy to use in the lab
and manual test environments. For automat-
ed testing, Ethernet 10/100 BaseT, USB 2.0
and RS-232 are standard control interfaces.
A GPIB/IEEE-488 interface is available as an
option.

SWITCH CONTROL CENTER SOFTWARE
LabVIEW-based switch control center soft-
ware (SCCS) supplied with each unit controls
the operation of the Weinschel 8512 series, en-
abling the user to set up and control the pro-
grammable switches in one of three modes.
Through a graphical user interface (GUI),
Mode 1 enables independent control of each
installed switch to any desired position (see
Figure 1). Mode 2 is a virtual switch control-
ler that allows the user to define multiple chan-
nels, where each channel path flows through
several switches. Customized channels can be
designated by an input label and an output la-
bel (see Figure 2). For example, the path from
“ANTENNA 1” to “TEST 5 sets Switch 1 to

MICROWAVE JOURNAL m AUGUST 2015



1S09001:2008 CERTIFIED

SMA, N, 2.4, 2.92 and 3.5 series from 18 to Hz .

.

i

Z

Very Good VSWR<1.15:1
Durability 1000 Cycles

State-of-the-art Componets,
Lower Cost and Fast Delivery!

7 Frequency - ' Frequency Frequency
Description (GHz) Description (GHz) Description (GHz)
2.4 Female - 2.4 Female 50 2.82 Female - 2.92 Female 40 |N Femala - N Female 18
2.4 Male - 2.4 Female 50 2,82 Mala - 2 92 Female 40 N Male - N Female 18
2.4 Male - 2.4 Male 50 2.82 Male - 2.92 Male 40 IN Male - N Male 18
2.4 Female - 2.92 Female 40 2.92 Female - 3.5 Female 33 IN Female - SMA Female 18
2.4 Female - 2.02 Male 40 2.82 Female - 3.5 Male 23 |N Male - SMA Female 18
2.4 Male - 2,92 Female 40 2.92 Male - 3.5 Female 33 ]N Female - SMa Male 18
2.4 Male - 2.92 Male 40 2.52 Male - 3.5 Male 33 M Male - SMA Male 18
2.4 Female - 3.5 Female 33 2.92 Female - N Female 18 SMA Female - SMA Female 27
2.4 Female - 3.5 Mala 33 2.82 Female - N Male 18 SMA Male - SMA, Famale 27
2.4 Male - 3.5 Female 33 2.92 Male - N Female 18 SMA Male - SMA Male 27
2.4 Male - 3.5 Male 33 2.92 Male - N Male 18 -
2.4 Female - N Female 18 2.92 Female - SMA Female 27 Description Frequency
2.4 Female - N Male 18 792 Female - SMA Male 27 (GHz)
2.4 Male - N Female 18 2.2 Male - SMA Female 77 3.5 Female - 3.5 Female 33
2.4 Male - N Male 18 2.92 Male - SMA Male 27 3.5 Male - 3.5 Female 33
5 4 Female - SMA Femnale 57 3.5 Male - 3.5 Male 33
5 4 Fermnale - SMA Male a7 3.5 Female - M Female 18
>4 Male - SMA Female Eh 3.5 Female - N Male 18
5.4 Male - SMA Male o7 3.5 Male - N Female 18
3.5 Mala - N Male 18

Please contact us today for prices and drawings!

affiliated with (eI SESNanEVoni=wide agents
Micable Inc. USA Distributor Center:

Tel: 86 581-87382856 55| Cable Corporation

Email: sales@micable.cn Tel: (360)426-5719

Website: www.micable.cn Email: bsmith@ssicable.com
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A Fig. 2 Mode 2 of the SCCS enables the user to define multiple
channels, routing a channel’s path through several switches.

position 3, Switch 2 to position 5 and Switch 8 to position 2.
Mode 3 enables switch matrix control, allowing the user to
configure the unit to an N x M full-blocking switch matrix.
Figure 3 shows an example of the control interface for a
3 x 3 switch matrix.

Custom switched RF paths are required for many wire-
less standards, such as Wi-Fi, WiMAX and LTE. The flex-
ibility of Weinschels 8512 series switch matrix makes it
ideal for use in multiple applications, as well as test envi-
ronments with:

e Signal routing from multiple instruments to single or
multiple devices being tested

RF Solutions

JF

oy
Termma

A Fig. 3 SCCS GUI for a 3 x 3 switch matrix.

e Multiple tests using the same test setup, reducing pro-
duction test time

e Applications requiring configuration flexibility and
agility.

Y)VENDORVIEW

API Technologies, Weinschel
Frederick, Md.

(301) 846-9222, (800) 638-2048
weinschel.apitech.com
Weinschel-sales@apitech.com

B
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-"'PowerD:v:ders e '“RF ilest”Accessories

JFW Industries

Call 317-887-1340

Toll Free 877-887-4JFW (4539)

E-mail sales@jfwindustries.com Visit www.jfwindustries.com

See us at EuMW Stand 240
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QUALITY, PERFORMANCE AND RELIABILITY
IN PRECISION COAXIAL CONNECTORS

EOGE LAUNCH BETWEEN SERIES ___ BULKHEAD & PANEL
CONNECTORS ADAPTERS : A 2

JARTERS

ADAPTERS . CABLE CONNECTORS . RECEPTACLES . CUSTOM DESIGNS

lm_:luding These Connector Series

1.85mm DC-65 GHz 2.92mm DC-40 GHz 7mm DC-18 GHz
2.4mm DC-50 GHz 3.5mm DC-34 GHz SSMA DC-40 GHz

ISO 9001:2008

SGMC Microwave — The name to count on for Quality, Performance
and Reliability! Please contact us today by Phone, Fax or Email.

MICROWAVE

Manufacturer of Precision Coaxial Connectors
620 Atantis Road, Melbourne, FL 32904
Phone: 321-409-0509 Fax; 321-409-0510

sales@spmoemicrowave.com
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Active Steering
Antenna System
Improves 5 GHz
Wi-Fi Connectivity

Ethertronics Inc.
San Diego, Calif.

r I Yhere has been a significant shift in con-
sumers —accessing movies, television
shows, sporting events and other video

via wireless devices in recent years. While this
new trend is growing, streaming high-definition
(HD) video wirelessly to multiple screens has
not come without challenges. There is nothing
more frustrating than trying to watch your fa-
vorite HD video and getting a tiled picture, or
worse, being interrupted by an error message
saying that you've lost connection.

While the topics of on-demand content and
the Internet of Things (IoT) grace almost ev-
ery tech headline, delivering a stronger, faster
and more reliable Wi-Fi signal is still a huge
component to the equation. Connectivity is the
heartbeat that enables these 5 GHz and IoT
applications, yet meeting the rigorous demands
of OEMs, service providers and consumers has
proven increasingly steep and far more chal-
lenging than the industry anticipated.

ACTIVE STEERING SYSTEM SOLUTION
IMPROVES CONNECTIVITY

One solution that solves these challenges
is Ethertronics’ Active Steering System for 5
GHz — a new plug-and-play configuration that
enables Ethertronics’ Active Steering technol-
ogy. The solution combines an antenna, Ether-

tronics’ recently announced EtherChip EC482
multiple-input-multiple-output (MIMO) RFIC
(or the EtherChip EC614 four-port RF switch)
and an algorithm into a single system module
(see Figure 1). For the burgeoning stream-
ing HD video applications, the Active Steering
System for 5 GHz can be easily integrated into
a variety of products, including access points,
set-top boxes, smart appliances, Wi-Fi extend-
ers, wearables and other IoT devices.

Ethertronics’ Active Steering technology
generates multiple radiation patterns from a
single antenna structure. The EC482 MIMO
RFIC (see Figure 2) enables beam steering
by sampling and switching between the an-
tenna’s multiple radiation patterns to select
the pattern that provides the best RF link per-
formance. This capability improves range and
data throughput, reduces interference and in-
creases robustness and connection reliability in
multipath environments. Ethertronics’ tech-
nology achieves ubiquitous coverage regardless
of the box’s orientation or location, which eases
installation and improves quality.

SOLVING THE MARKET CHALLENGE

With MIMO becoming more prevalent for
Wi-Fi, the need for two or more antennas col-
located in a mobile device or small form fac-
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mmWw Solutions. Enabling a new world

Introducing the world’s most advanced AESA core chip solution

AWS-0103 X-Band Silicon Radar Quad Core IC
Enables planar antenna design with reduced system size, weight, and cost

Highly integrated silicon

Supports 4 radiating elements E
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1 EtherChip

EC482

MIMO
Active
Steering
System
Solution

A Fig. 1 Components of the MIMO Active
Steering System Solution.

tor access point is becoming common.
These groups of antennas need to
have high — and preferably equal — ef-
ficiencies with good isolation and low
correlation. With access point applica-
tions, the multipath environment is
constantly changing, which affects the
throughput performance of the com-
munication link. Ethertronics’ new
Active Steering System Solution for
5 GHz, with the embedded EC482
RFIC, addresses these challenging

A Fig. 2 The EC482 RFIC comprises the
RF switches, control circuitry and algorithm
to select the antenna pattern that optimizes
system performance.

RF environments by dynamically tun-
ing and optimizing the antenna system
parameters for the MIMO system to
provide greater throughput. In addi-
tion to solving the MIMO challenges
associated with the 5 GHz band, this
system enables a single gateway to
stream video, data and voice — from a
single box or access point — since these
components are co-developed and op-
timized as a system to provide a solu-
tion that is cost effective and easy to
integrate.

OEMSs can realize time-to-mar-
ket and cost benefits with the Active
Steering System Solution. The em-
bedded EtherChip EC482 is designed
for the high frequency and fast RF
switching environment that Wi-Fi sys-
tems demand. The EtherChip EC482
contains the RF switch, which adjusts
the antenna pattern, as well as the al-

gorithm and communication and con-
trol conduits that sample and switch
among the patterns, adaptively mak-
ing the optimal selection. For MIMO
Wi-Fi applications, the master EC482
can control multiple Active Steering
antennas in concert with EtherChip
EC614s. An EC482 is used for the
first Active Steering element, and an
EC614 is utilized for each additional
Active Steering element. This combi-
nation provides the most cost-effec-
tive solution for customers.

With the Active Steering System,
an OEM can replace one of the exist-
ing antennas, all 5 GHz antennas or a
subset of them in a single box, since
the antenna, chip and algorithms are
configured as one system. To further
ease integration, the Active Steering
System for 5 GHz is available as a 2D
antenna on a flexible circuit that can
be placed anywhere in the box, or it
can be printed on the host PCB to
further reduce cost. With an operat-
ing frequency of 100 to 7000 MHz,
the Active Steering System Solution
has a small footprint and minimizes
power consumption.

Active Steering provides a host of
benefits, including uninterrupted ser-
vice, faster data throughput for video
streaming and no video tiling.

Ethertronics Inc.

San Diego, Calif.

(858) 550-3820
www.ethertronics.com/
innovative-technology/active-

High Frequency Transceivers

NORDEN

MILLIMETER

For more information on these products go to: o

www.nordengroup.comor call 530.642.9123
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Exceptional
Phase Noise Performance
Dielectric Resonator ﬂscatnr

CEEE Patented
g Technology

Now Avaiiable
In Surface Moooi!

Phase Noise (dBc/Hz)
2 8 8
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-160 Jmﬂu 2 \\
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1301 000 10000 1Dl}lml;‘r 1méﬂuu mm'muu
Offset Frequency (Hz)

Model Frequency (GHz) T““";g;g;““' DC Bias (VDC) ’;ﬂmﬁ;ﬁ;ﬁ‘
Surface Mount Models
SDRO1000-8 10 1-15 +B @ 25 mA -107
SDRO1024-8 10.24 1-15 +B @ 25 mA -111
Connectorized Models
DRO100 0 1-15 +7 - 10 @ 70 mA -1
DRO1024 10 115 +7 - 10 @ 70 mA <109

Model Center Frequency | Mechanical Tuning Supply Voltage Typical Phase Noise

(GHz) (MHz) (VDC [ Current) {@10kHz { dBeiHz )

Mechanical Tuning Connectorized Model
KDRO145-15-411M | 14.5 [ +10 MHz | 15V/130 mA (Max) | -88
Talk To Us About Your Custom Requirements.

PTG Phone: (973) 881-8800 | Fax: (973) 881-8361

oA R\ 3\ M\ | E-mail: sales@synergymwave.com
:S A A R L L LA Web:
M

CROWMAE CORPORETION Mail: 201 McLean Boulevard, Paterson, NJ 07504
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Low-Loss, Ultra-Linear,
Wideband Variable

RE ‘ Attenu tors
Attenuators W

has expanded its RF portfolio with

two new Glitch-Free™ digital step
attenuators (DSA) and the first prod-
uct in a new family of voltage variable
attenuators (VVA). Designed in RF
silicon, these attenuators achieve wide
bandwidth, low insertion loss, high
linearity, pinpoint attenuation accura-
cy and a wide temperature range from
—40° to 105°C. The products meet the
stringent demands of wireless infra-
structure, point-to-point microwave
links, satellite communications and
general-purpose communication ap-
plications.

The DSAs feature IDT’s industry
first Glitch-Free technology, reducing
attenuation switching overshoot dur-

lntegrated Device Technology (IDT)

. :

e - A ) -
|
ASP20 =
w06 ASP40-B3030
w +30 dB 20-40 Ghz
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2418 BOTEY
SM 0001 1415 SaTET @
BN 0002
P-1dB
1d

158

Attenuators

ing the most significant bit transitions
by up to 95 percent. This feature sim-
plifies the control software, improves
reliability, prevents damage to down-
stream components such as power
amplifiers, and limits over-ranging
of data converter inputs. Covering 1
MH?z to 4 GHz, the F1912 DSA is a
6-bit device with 0.5 dB step size and
31.5 dB attenuation range. Attenua-
tion step error is 0.1 dB, with 1.4 dB
insertion loss at 2 GHz. The F1956 is
a 7-bit device that also covers 1 MHz
to 4 GHz, with 0.25 dB step size and
31.75 dB attenuation range. Attenua-
tion step error is 0.1 dB with 1.3 dB
insertion loss at 2 GHz. The input IP3
of both DSAs is 64 dBm. The F1912
has a 0.1 dB compression point of 31

e
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dBm, 34.5 dBm for the F1956.

The F2250 VVA covers 50 MHz
to 6 GHz and has a highly linear (in
dB) analog attenuation range of 33.6
dB. Insertion loss is 1.4 dB at 2 GHz,
input IP3 measures 65 dBm and the
1 dB compression point is 34.4 dBm.
The design includes a “Vmode” fea-
ture that allows either positive or neg-
ative attenuation control.

Pin compatible with competitor
products, IDT’s new attenuators are
assembled in TQFN packages: 3x3
mm for the F2250, 4x4 mm for the
F1912 and 5x5 mm for the F1956.

Integrated Device Technology Inc.
San Jose, Calif.

www.idt.com
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RF-LAMBDA

THE POWER BEYOND EXPECTATIONS

ITAR & 1509000
Reglslered Hunuiu:luu

rf "u A

LEADING GaN AMPI.IFIERS
v & SWITCHES SOLUTION

® Low Noise Amplifier =~ ® RF GaN PIN Switch
® GaN Power Amplifier @ PIN Attenuator Phase Shifter

81 0.1-186Hz Digital Atenuator

Swilch 0.5.18GHz
e

_ 1:’} J
0.0 SﬂGHz Ampllﬂer

S Solution to | 20GHz Millions
W\ IN STOCK!
Tl/R4/10 Notule 406t e Ultra wide band 98% e Fast Switching Speed
| ® High Power Handling @ High Isolation
® [ow Noise Figure ® Wire Bond Technology
Plano, TX, USA

?1?:'52:: GHP tcﬁiu WWW. I'ﬂ am bd (l.com
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Software and Mobile Apps

Altium Designer 15.1

Altium Ltd. announced the next
update to its flagship PCB design
tool, Altium Designer. Altium De-
signer 15.1 introduces several new
features for improved design pro-
ductivity, documentation outputs
and high-speed design efficiency
including: improved support for
xSignals, expanded rigid-flex sup-
port, new output documentation options and new design re-use tools.
Now is a great time for designers to make the switch to Altium Designer.
Visit the company’s website to start your free trial today.

Altium Ltd.
www.altium.com

Spectre RF Simulator
14.1

Building a multi-band  wireless ! -—
chip? Worried about LO leakage B_-': - .I
from one transceiver to another? | == F =,
Cadence’s newest release of Spec- ||™7 7 7 T m—" "
tre RF Simulator enables the har- o e T
monic balance analysis of multiple b y

— —

transceivers each with a different o e
frequency divider. The new 14.1

version also adds LTE, Wi-Fi 802.11ac and 802.11af to the rich set of sup-
ported wireless standards. The tight integration of Spectre RF Simulator
into the Virtuoso Analog Design Environment provides you with a cockpit
to easily drive multi-test simulation and post-process the results, enabling
robust verification.

Cadence Design System Inc.
www.cadence.com/products/rf

UCAMCO Integr8tor

Cirexx  International — acquired
and installed the UCAMCO In-
tegr8tor pre-CAM software. With
the Integr8tor tool, Cirexx is able
to process more quotes, more
quickly, and with a greater degree
of confidence in having identified
all of the challenging attributes of
printed circuit fabrication build.
The software delivers a “cleaner”
CAM-ready package that merges

directly into the CAM platform for

tooling and planning once the or-
der is placed. A simple and intuitive user interface makes the system easy
to learn and accessible for CAM engineers.

Cirexx International Inc.

WWW. CIFexx.coim
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Mobile Device App

AR RF/Microwave Instrumenta-
tion’s mobile app is now available
as a free download from Apple
iTunes and Google Play. This ap-
plication is a quick and easy tool
to access a variety of content from
AR. The home screen icons al-
low easy navigation to view basic
and full product descriptions, app
notes, AR literature library, You-
Tube videos, contact information
and social media activity — all from
your mobile device. To download
the app, Vvisit www.arww-rfmicro.
convhtml/ar-moblie-app.asp.

VENDORVIEW

AR RF/Microwave Instrumentation
rworl

Velox 2.0

Cascade Microtech announced
Velox 2.0, their latest version of
probe station control software.
Combining the ease of Nucleus™
with the power of ProberBench™,
Velox 2.0 delivers new levels of
test and measurement efficiency
to accelerate time to job comple-
tion. This latest release supports
collaboration on critical projects,
enabling several users to work on
a single recipe and share wafer
maps across multiple stations. A
unified platform accelerates the
time to data for process design kits, saving time for the designers and fab
engineers. Wafer handling, alignment, temperature control, Z-profiling
and stepping perform as a single automated test flow using the Velox-
Pro™ test automation software option.

Cascade Microtech Inc.
www.cascademicrotech.com

RF Tools in Your Pocket

The iPhone app ‘RF Tools’ has
been enhanced with the as-
sembly calculator. More than
270 cables and assemblies from
HUBER+SUHNER can be easily
calculated on the iPhone — any-
time and anywhere. This useful
app provides an easy comparison
of up to three HUBER+SUHNER
radio frequency cables and assem-
blies in different configurations
and environments. It offers straight access to technical specifications
such as insertion loss and power rating. The app is available for free in
English and Chinese in the App Store at https:/itunes.apple.com/app/
id525678686.

YJVENDORVIEW

HUBER+SUHNER AG
www.hubersuhner.com
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inearity

ST49
NF as low as 0.5 dB - IP3 up to 43dBm - DC current 20 mA and up from il ea.(qu. 20)

Pick your parameters, and meet your needs at Mini-Circuits! ~ Our catalog models are in stock and ready to ship, so why
With over 20 low noise/high linearity amplifier models to  wait? Go to minicircuits.com for all the details, from data sheets,
choose from, you'll likely find the output power, gain, DC  performance curves, and S-parameters to material declarations,
current, and broad bandwidths required to upgrade almost any  technical notes, and small-quantity reels—as few as 20 pieces,
3-to-5V circuit—from cellular, ISM, and PMR to wireless LANs,  with full leaders and trailers. Place an order today, and see what
military communications, instrumentation, satellite links, and  these tiny, high-performance amplifiers can do for your

P2P—and all at prices that preserve your bottom line! application, as soon as tomorrow! (O RoHS compliant

Model Freq. Gain NF IP3 Pout Current Price $ Model Freq. Gain NF IP3 Pyt Current Price $
(MHz)  (dB) (dB) (dBm) (dBm) (mA) (qty. 20) (MHz) (dB) (dB) (dBm) (dBm) (mA) (qty. 20)

PMA2-162LN+ 700-1600 22.7 0.5 30 20 55 2.87 PGA-103+ 50-4000 110 09 43 22 ggg; 1.99
PMA-5452+ 50-6000 14.0 07 34 18 40 1.49 Pasasas  sosoo0 143 o7 R o e 149
PSA4-5043+  50-4000 184 075 34 19 3 % 250 PSA-5453+  50-4000 147 1.0 37 19 60 149
PMA-5455+ 50-6000 140 0.8 33 19 40 1.49 PMA-5456+  50-6000 144 08 36 22 60 1.49
PMA-5451+ 50-6000 137 0.8 31 17 30 1.49 PMA-545+ 50-6000 142 08 36 20 &0 1.49
25-55 (3V) PSA-545+ 50-4000 149 1.0 36 20 80 1.49

PMA2-252LN+ 1500-2500 15-19 0.8 80 18 3755 (zy) 287 PMA-545G1+ 400-2200 313 1.0 34 22 158 495
PMA-545G3+ 700-1000 31.3 09 33 22 158 4.95 PMA-545G2+ 1100-1600 304 1.0 34 22 158 4.95
PMA-5454+ 50-6000 13.5 0.9 28 15 20 1.49 PSA-5455+ 50-4000 144 1.0 32 19 40 1.49

PSA PMA PGA

- = - m ®
[ Mini-Circuits
www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
506 rev E
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Software and Mobile Apps

SW Selector Mobile App

Keysight Technologies offers over
230 test and measurement soft-
ware applications based on inno-
vative algorithms and up-to-date
standards for use with bit error
rate testers, oscilloscopes, signal
generators, signal analyzers, vec-
tor network analyzers and more.
The new Keysight SW Selector
Mobile App provides a quick and
easy way to search by application,
technology or measurement plat-
form to find the right stand-alone
or embedded test and measurement software for a specific application.
The app can be downloaded for iOS or Android at www.keysight.com/

find/swselector.

JVENDORVIEW

Keysight Technologies Inc.
www.keysight.com

COMPLETE Library
v12.1 for NI AWR

Modelithics released the latest |. .
version (v12.1) of the Modelith- '
ics® COMPLETE Library™ | #ep opere o
for NI AWR Design Environ- | cOMPLETE Litirary viz.1
ment software. The new release E;m'ﬂr:n"nf: e &
includes over 50 new high accu-

racy simulation models, representing over 1,500 individual devices. New
models have been added for components from AVX, Cobham Aeroflex,
Wiirth Elektronik, ATC, Passive Plus, Piconics, Skyworks, Freescale,
Qorvo, CoilCraft, Murata, Darfon, Taiyo Yuden, TDK and IPDiA. The
Modelithics COMPLETE Library now represents over 50 vendors and
over 11,000 RF and microwave devices. Visit www.modelithics.com for
details.

Modelithics Inc.
www.modelithics.com

Asymmetrical Band Pass
Filter Design

Nuhertz announces improved ca-
pability in FilterSolutions®, syn-
thesis software. The program now
instantly and accurately automates
design of asymmetric band pass fil-
ters which do not require symmet-
ric attenuation response on each
side of the pass band. Rather than
utilizing optimization or manual
pole-zero tuning, FilterSolutions
provides an accurate, automated
method for setting asymmetric design parameters. The only data needed
are the independent attenuation goals and the number of poles for each
side of the pass band. FilterSolutions instantly provides the exact solution.

Nuhertz Technologies LLC

www.nuhertz.com

RN R ARNINE 72 e TR e
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Microwave Calculator
Mobile App

Mini-Circuits new Microwave |-
Calculator app for Android mobile | ==
devices gives engineers a quick |5 ==
and easy tool to perform three
common calculations on the fly:
the effect of VSWR/return loss on
transmitted power, cascaded noise figure and power to voltage conver-
sion. Tt also provides the formulas for each of these computations as a
convenient reference. It is the perfect tool to simplify and expedite prob-
lem-solving whether you're working in the lab or in the field. The app is
available for FREE download from the company’s website and on Google
Play™.
YVENDORVIEW
Mini-Circuits

inicircuit

V12 NI AWR Design
Environment

V12 NI AWR Design Environ-
ment™ software, the first major
release in 2015, includes new am-

Environment

plifier, antenna and radar-specific 3

features as well as ease-of-use im-

provements, speed enhancements and third-party flows that benefit de-
signers of MMICs, RF PCBs, modules and more. V12 NI AWR Design
Environment software consists of Microwave Office/Analog Office circuit
design software, Visual System Simulator™ (VSS) system design software,
AXTEM planar EM simulator and Analyst™ 3D EM simulator. Learn more

at awrcorp.com/v12.
)VENDORVIEW

National Instruments

www.ni.com/awr

{] M| AR Design

Filter RFQ Mobile App P

Reactel, Incorporated

Submitting RFQ’s for filters, mul-
tiplexers and multifunction as-
semblies has never been easier or
more convenient with Reactel’s
new mobile app for Apple and An-
droid devices. Filter RFQ is avail-
able now for Apple and Android
devices. In addition to the RFQ
element, this full featured app also
contains the company’s complete catalog and a growing number of data-
sheets. Download your copy from iTunes or GooglePlay today.

JVENDORVIEW

Reactel Inc.

www.reactel.com

—m——
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Where Precisionis
Your Bottom Line...
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The Only Choice is
Centerline

Surface Finish to 0.000

Capabilities Products

‘Lapping «Alumina

-Polishing Be

-Filled Via Planarity «Aluminum Nitride
‘Diamond Sawing -Fused Silica Quartz
«Laser Machining +Sapphire

«Specialty Processes «And More!

www.Centerlinetech-usa.com
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High Performance
Instrument Grade Subsystems

« RF Synthesizers
 RF Upconverters
* RF Downconverters
* RF Components

« Frequency up to 20 GHz
 Low Phase Noise

* High Dynamic Range

* Military and Commercial

SignalCore

PREEERVING SI1GMAL INTEGRITY

www.signalcore.com
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Software and Mobile Apps

VSim 7.2

Tech-X Corp. delivers high qual-
ity, cutting edge software that re-
duces your time from simulation
to manufacture. VSim is an elec-
tromagnetic time-domain three-
dimensional solver with particle
and plasma simulation capabili-
ties. The latest release, VSim 7.2,
includes electromagnetic and particle modeling features for magnetrons,
Klystrons, gyrotrons, traveling-wave-tubes and similar devices, as well as
antenna design, photonics and semiconductors. Visit httBs://www.txcoEE.
com/vsim for more information.

Tech-X Corp.
www.txcorp.com

F-11T Sicakih
Mod

Shfarnriine

RF Cable Builder

SV Microwave released their
Rapid Response RF Cable As-
semblies that are built-to-order
and ready to ship within 5 busi-
ness days. These cables can be
custom configured and purchased
on the company’s website using
their new interactive RF cable
builder application. Customers can choose from a variety of in-stock
standard connector series and cable types for miniature and low loss co-
axial assemblies. The RF Cable Builder will generate a custom datasheet
complete with part number, data drawing, technical specifications and
pricing. Go to www.svmicrowave.com/products/rf_cable_builder.

F_d

b ;

SV Microwave
WWWw.svmicrowave.com

B ARZCEEENNED @

Online Simulator

X-Microwave introduced its On-
line Nonlinear System Simulator
powered by Keysight's Genesys
Spectrasys. Simulate with hun-
dreds of models of real system
components using the intuitive
user interface. X-parameter or S-
parameter models are extracted
from X-Microwave’s drop-in com-
ponents (X-MWblocks) using Keysight's PNA-X analyzer. An X-parame-
ter model of an amplifier serves as a live datasheet to determine the P1dB
or IP3 at a given operating point of interest. Quickly cascade microwave
components and simulate to view the spectral content at any node of the
block diagram.

X-Microwave LLC

Www.xmicrowave.com
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IEEE ESIEEE COMCAS 2015

Adm:mcing Technology | International Conference on Microwaves, Communications, Antennas and Electronic Systems
for Humanity David Intercontinental Hotel m2-4 November 2015 m Tel Aviv, Israel
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The International [IEEE COMCAS 2015 continues the tradition of providing a multidisciplinary forum
for the exchange of ideas, research results, and industry experience in the areas of microwaves,
communications and sensors, antennas, biomedical systems, RF/MW devices and circuits, signal
processing and imaging, radar and electronic systems engineering. It includes a technical program,
industry exhibits, and invited talks by international experts in key topical areas.

The very successful IEEE COMCAS 2013, attracted over 1400 attendees with approx. 180

professional lectures, 40 sessions in a 3 days conference, participants from 37 countries, and
exhibitors from more than 90 industrial companies. This conference has been co-sponsored by

four IEEE Societies and two European associations.

Enjoy the IRON DOME System Presentation

Visit the Technical Exhibition
Join us in Tel Aviv - the most Startup Nonstop City in the World

REGISTRATION IS
OPEN

WWW.COmMCas.org

Secretariat:
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:5.:’ ORTRA - QOrtra Ltd. 1 Nirim Street, P. O. Box 9352, Tel-Aviv 6109202, Israel  Tel: +972-3-6384444 Fax: +972-3-6384455 Email: comcas@ieee.org
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Aaronia AG ...
Adamant Co. Ltd..
Advanced Technical Materials ....
Advanten
Aerospace & Defense Technology..
AFT Microwave GmbH ....

Albatross Projects GmbH...
Alroy Microwave .............

Altair Engineering GmbH .. .212
AMCAD Engineering ......... .. 196
American Standard Circuits Inc .128
Amplifier Solutions.... .. 287
Analog Devices... .184
ANritsu ....ceeeenns E305
ANSYS France .. D300
AO Technologies . 178
APC-Novacom........... . 187
API Technologies Corp

Apple Inc

AR RF/Microwave Instrumentation ....
Arlon................

Artech House
Arralis Ltd. .
ART-FI..
Arva-RF
ASB Inc....
Aspocomp Group Plc
Assystem France.
AT Wall Co........
ATEM Holding..
Aurora Software and Testing..
AVX Corp...
BAE Systems .
BRUCOB.V....
BSC Filters Ltd..
Cambridge University Press .... .
Cascade Microtech Inc.........ccccvviveiniennnns
Changzhou Zhongying SCI&TEC Co. Ltd.
Chengdu Ganide Technology Co. Ltd...
Chin Nan Precision Electronics Co. Ltd.
Chi-Shuai Enterprise Co. Ltd.
Cisteme ...........cc....
Cobham Avcomm ..
Cobham Microwave ..
Coilcraft..
Competitive
Compound Semiconductor
Consorcio Espacial Valenciano (VSC) ..
Copper Mountain Technologies
Cotsworks..
CreelInc.....
CST-Computer Simulation

Technology AG.......cccevviiiiiiiiiiiiiinininiiennns
Daa Sheen Technology Co. Ltd. ...
DelfMEMS ..

Diamond Microwave .
DICONEX-DELTA OHM
Dow-Key Microwave..
Ducommun................
E&C Anechoic Chambers NV
e2v....
Eclipse Microwave .
EDICON USA....
EDICON China.
EGIDE SA
Electro Rent Europe NV
Electronic Specifier Ltd.
Electronics and Telecommunications

Research Institute (ETRI) .
Electronics World...
Electronique Composants

Instrumentation ...

Electroniques... .
Elexo.... . 225
ELHYTE.. . 240
EMC Technology/Flonda RF Labs.. . 146
Equipements Scientifiques... . 164
ERZIA Technologies SL . 147
ESA-VSC and UPV

Ester Science Park . .. 196
EUROMIP. .........
everything RF...
Exodus Advanced Communications..
Exxelia Supply

166

Farran Technology Ltd.
FH Microwave SARL
Filtronic Broadband Ltd.
Flann Microwave Ltd..

Focus Microwaves Inc
Fraunhofer FHR
Fraunhofer IAF....
Freescale Semiconducteurs France SAS..
Frontlynk Technologies Inc. .................
Georgia Institute of Technology ..

Greenray Industries

High Frequency Electronics
High Speed Interconnects.........cccceereeenreennnn.
Holzworth Instrumentation
Huang Liang Technologies Co. Ltd.
Huber + Suhner AG...

Infineon Technologies AG ..
Ingun Prufmittelbau GmbH
Inmet, an API Technologies Company
Innertron InC. ....cceeveiiiiiiiiiiiiiiiiiiiine,

Insulated Wire Inc. ........cooocviiininnniinicnnnnnnn,
Intech Microwaves Srl
International Microwave Symposium (IMS) ...

JFW Industries Inc
Johanson Technology

K&L Microwave
Keysight Technologies .

Kratos General Microwave .

Lake Shore Cryotronics Inc.

LEW Techniques Ltd.
LPKF Laser & Electronics AG.
Lucas/Signatone Corp.

Marki Microwave Inc.
Matech Electronique....
Maury Microwave Corp
Mega Industries LLC ....

Mercury Systems Inc

Micro Systems Engineering GmbH
Microwave Engineering Europe
Microwave Innovation Group (MiG)
Microwave Journal.
Microwave Product Digest..
Microwave Products Group ...
Microwavefilters & TVC Srl.
Microwaves & RF

Milexia: Elexience, Giza Technology,
MITS ECtONICS ...
Mitsubishi Electric Europe BV..
MOIeX INC. covviiiiiireere s 161

MTI-Milliren Technologies Inc..

National Instruments

NTT Advanced Technology Corp.
NUOVA EUROTAR s.I.L.....ceuens

NXP Semiconductors.
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The following list is complete as of July 14, 2015. Exhibitors in red have an ad in this issue.

Omniradar ..

Optenni Ltd. .....
Pacific Millimeter Products..
Park Electrochemical Corp........
Pasquali Microwave Systems Srl
Phase 2 Microwave Ltd.............. ... 296

Pickering Interfaces Ltd ... 283
PICO Technology Ltd................. ... 104
Planar Monolithics Industries Inc. ... 107
POlE/ZETO0 .uceeeiciriiei it 116
Polytech Instrumentation by Jeulin............... 259
Premix Oy ....ccoccciienrieiiieeeeeeceeee .... 138

Presto Engineering Inc..
Promex Industries........ccooevviiieiennnnne
Public University of Navarre (UPNA) ..

QP Microwave
Quik-Pak, a Division of Promex

Industries .... 115
Radar Systems Technology Inc.. ... 230
Radiall......ccocevrinneeniniieeneeees ... 194
Res-Net Microwave Inc.. . 144
RF Microtech srl ... .218
RFHIC Corp....... .208
RFMW Europe Ltd. . 146
Rogers Corp......... .... 263
Rohde & SChWarz .........cveviiiiniiiiiciininennns El113

Rosenberger Hochfrequenztechnik

GmbH & Co.KG....
SAF Tehnika ...
San-tron .........
Saras Technology Ltd....................
Schmid & Partner Engineering AG..
Schott Electronic Packaging.......ccccceeeeviennnne 228
Shanghai Huaxiang Comp

Comm Eng Co. Ltd...
Shenzhen Huayang Technology

Development Co. Ltd. ......ccccuvrmerreeiieeniinnnn. 174
Shenzhen Lightspeed Cable

Technology Co.Ltd. ......cccuriiiiiiiniiiiieene 177
Shenzhen Yulongtong Electron Co. Ltd. ........ 173
SIAE MICROELETTRONICA................. ... 108
SJM Prewell ....
Soliani EMC ...
Sonnet Software Inc........cccceveiieeiiiiiienicines 187
Southwest Microwave Inc.. ..e 141
SpaceForest.......ccceevviiiiiiiiinnnnns El111B

Spectrum Elektrotechnik GmbH ..
Spherea Test and Services ..
Spinner GmbH..
STACEM
Sumitomo Electric Device Innovations ..

Sumitomo Electric Europe Ltd............ ... 101
Sumitomo Electric Industries . ... 101
SYNaero.......coccveeeeeiiieeieiiee, ...E111D
Synopsis Corporation Group.. ...E111D
Synopsis Technologies.........ccccvvvrrierninnnnnn E111D
Taconic

Tech-Inter
Techniwave....

Teledyne Coax Switches .. .260
Teledyne Defence Ltd. .260
Teledyne Labtech Ltd. . 260
Teledyne Relays... . 260

Temwell Corp.
Times Microwave Systems .........
TNO Defense, Safety and Security
Transcom INC.......cccvvvvreeennniiinnnnne -
Trans-Tech/SKywWorks...........oooviviiiivviniennnns 255
United Monolithic

Semiconductors (UMS) ........ccccecveeerinnnens D314
Universidad Carlos III

de Madrid (UC3M) ..
Varioprint AG
Vector Telecom
VIA electronic GmbH....
Weinschel, an API Technologies Company... 152
WILEY o e 124
WIN Semiconductors Corp.. ....261
WIPL-D dOO......cveerrrrieninieeeenns ... 216
Wireless Design & Development ....PUB
Wiirth Elektronik France SAS .. ... 293
XLIM Laboratory .. 196
Xtaltq Technologies Co. 175
Zhangjiagang Free Trade Zone

Caiqgin Technology Co. Ltd..........ccoveiunnnnaes 176
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Il FARNING

M |chwave

Presented by: Journal

center

RF/Microwave Training Series
Presented by: Besser Associates

e MMIC Design Overview

® Mixers & Frequency Conversion

® RF and Microwave Filters

Technical Education Training Series

e New Thermoset PCB Materials Improve mmWave
Performance and Reliability at Reduced Cost

e Bonding Layer Material Selection for Use in High Performance
Multilayer Circuit Board Design: Thermoset and Thermoplastic
Options

e Narrowband Planar Filter Design with NI AWR Design
Environment Software

e Simulating MRI Heating of Medical Implants

e GaN Going Mainstream

e Internet of Things (loT) and Over-the-Top (OTT) Applications —
How to Quantify Signaling Impact and Power Consumption

e Linearity: The Key to Successful Data Transmission in Cable
and Beyond

e Narrowband Combline Filter Design with ANSYS HFSS

e Advanced Multi-Emitter Radar Simulation with Off-the-Shelf
T&M Equipment

¢ Multipactor Basics and How Numerical Analysis Can Safely
Increase Margins

e Understanding Filter Technology and the Selection Process
Including Qorvo’s Specialized LowDrift™ and NoDrift™ Filters

© EMIT 4.0 — The Next Generation in RF Cosite Interference
Modeling and Simulation

e Effect of Laminate Properties on PIM Distortion in Microstrip
Transmission Lines

© Modern Trends in Broadband Diode Mixers

e Practical Antenna Design for Advanced Wireless Products

e RF and Microwave Heating with COMSOL Multiphysics

e Tips & Techniques for Making Microwave Vector Network
Analysis Measurements in the Field

CST Webinar Series

o CST STUDIO SUITE 2015 Update Webinar on MW&RF
Simulation

o CST STUDIO SUITE 2015 Update Webinar on EDA/EMC
Analysis

Register to attend at mwjournal.com/webinars

Innovations in EDA

Presented by: Keysight Technologies

e Avoid Design Hazards and Improve Performance with Electro-
Thermal Simulation

e How to Design an RF/Microwave Power Amplifier: The Basics

e Understanding 5G and How to Navigate Multiple Physical
Layer Proposals

Keysight in LTE/Wireless Communications Series
o A Flexible Testbed for 5G Waveform Generation and Analysis
¢ 802.11ah, Bluetooth LE, Zighee and Wi-SUN Test for loT/M2M

Keysight Technologies Webcast

e Seven Best Practices to Avoid Damaging Power Meters and
Sensors

e Multiport and Multi-Site Test Optimization Techniques

e Addressing Multi-Channel Synchronization for MIMO and
Beamforming Test

* Bridging the Gap from Benchtop to PXI: A Common Software
Strategy

* MVG-Orbit/FR p-Lab — A Compact Integrated Test Facility for
mm-Wave Antenna Testing

e One Size Does Not Fit All — Choose the Right Instrument Form
Factor

Keysight in Aerospace/Defense
e Test and Measurement Trends for Aerospace and Defense
e Closed Loop Adaptive EW Simulation

FieldFox Handheld Analyzers Series

Presented by: Keysight Technologies

e Transmission Line Theory and Advanced Measurements in the
Field

RF and Microwave Education Series

Presented by: Keysight Technologies

¢ Understanding New Pulse Analysis Techniques

® RF/pW Switching Solutions

e Understanding Available Measurement Techniques for
Spurious or Unknown Signals

Scan page
using lay ) app
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Rosenberger
North America LLC Stand C303

Intermodulation Site Analyzer

Rosenberger presents
its brand new broad-
. band passive intermod-
ulation site analyzer for
- multi-function on-site
tests and measure-
ments of active and passive elements. The
Rosenberger site analyzer features PIM detec-
tion over CPRI (including cancellation func-
tion), broadband Rx and Tx base model 700 to
2700 MHz with exchangeable filter units, con-
tinuous wave signal (no pulse), portability with a
rugged design, sunlight readable 12" touch
screen, antenna isolation measurement, DTF
measurement (VSWR vs. distance; PIM vs. dis-
tance), VSWR/return loss measurement and
battery, and 110/220 V AC operation.
www.rosenberger.de

Mician Stand C308
1Wave Wizard™ Version 8.0

B
- 2 ¥y

"S-
=3

- e

Mician shows the latest release of the compa-
ny’s software tool pWave Wizard™. Version 8.0
comes with a ribbon based graphical user inter-
face. Speed up of GUI launch for very large
projects is now up to 10 times faster. It includes
anew direct and iterative solver and paralleliza-
tion is possible. This new release now includes a
modeler for user defined elements.
www.mician.com

CST Stand D311
EM Simulation Software

CST STUDIO SUITE® is the culmination of
many years of research and development into the
most accurate and efficient computational solu-
tions for electromagnetic designs. It offers con-

Hall Passy

Keysight Technologies

Stands 272/E110

Measurement Accelerator

- 1]

-

Keysight Technologies” M9451A PXIe measurement accelerator, a
high performance FPGA processing card, speeds envelope tracking
and digital predistortion (DPD) characterization for power amplifier
test. With the M9451A, closed/open loop DPD and envelope track-
ing measurements can be made in tens of milliseconds for up to a 100
times speed improvement. The M9451A with Option DPD is now
integrated with the RF PA/FEM characterization and test, reference
solution, which provides even higher throughput while maintaining
highly accurate S-parameter, harmonic distortion, power and demod-
ulation measurements. The reference solution enables full character-
ization of next-generation power amplifier modules, including power
amplifier-duplexers.

www.keysight.com/find/m9451a

High Performance Spectrum Analysis

-

-

Accelerate spur searches by up to 500 times with new high perfor-
mance spectrum analysis integrated in PNA and PNA-X vector net-
work analyzers. Keysight recently introduced a new high perfor-
mance spectrum analyzer capability to its PNA and PNA-X series
microwave vector network analyzers (VNA). This new capability:
improves test times by a factor of 10 to 500 times with fast spur
searches over a wide frequency range up to 67 GHz, provides unpar-
alleled insight by measuring spurious signals simultaneously from all

ports on mixers and frequency converters, unlocks true device performance by removing cable and
fixture effects with using VNA calibration and de-embedding techniques, and simplifies test sta-
tions with the PNA-X's expanded single-connection, multiple-measurement capability.
www.keysight.com/find/pna-sa

12-bit PCle High Speed Digitizer

a

JVENDORVIEW

HEFT=g T 0

The U5303A is a 12-bit PCIe digitizer, sampling up to 3.2 GS/s, with
on-board real-time processing. It delivers unprecedented analog fi-
delity, high ENOB and very low noise. New dedicated options are
available: CSR continuous simultaneous acquisition and readout al-
lows engineers to perform acquisition and readout simultaneously
and continuously. CBO digitizer streaming implements real-time
digitizer data recorder. CB1 digital down-converter streaming pro-
vides the same functionality as CB0 and adds real-time digital down-
converter functionality. Recording performances up to 180 MHz in-
stantaneous bandwidth are ensured in a specific qualified system.
www.keysight.com/find/digitizers

Maury Microwave Stand E111F

Product Showcase

R (N C

siderable product to market advantages such as
shorter development cycles, virtual prototyping
before physical trials and optimization instead
of experimentation. CST STUDIO SUITE is
comprised of multiple modules for high fre-
quency, low frequency, charged particle and
multiphysics applications. Visit CST in Stand
D311 to learn more.

Y)VENDORVIEW

www.cst.com

For complete coverage of the EuMW conference, event news, exhibitor
product information and special reports from the editors of
Microwave Journal, visit our onfine show daily at
www.mwijournal.com/eumw2015.

168

Exceptional companies have superior labs —
complete your lab with Maury Microwave.
Maury, a leader in measurement and modeling
device characterization solutions, VNA calibra-
tion accessories and interconnections, will be
showcasing active and hybrid-active harmonic
load-pull solutions, LX™-certified mechanical
impedance tuners, pulsed IV/RF compact tran-
sistor modeling as well as coaxial and waveguide
VNA calibration kits and metrology adapters,
in-stock color-coded precision and daily-use
adapters, and test-port, phase-stable and value
cable assemblies. Visit Maury for details, dem-
os, deals and NPIs.

www.maurymw.com
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we¥ LGH POWER, LOW LOSS!
SPLITTER /COMBINERS

ZACS362-100W+

600 to 3600 MHz

Heat sink available

from 189 ea. (qty.1-9)

Up to100W 2 Way-0°

v Low insertion loss, 0.5 dB

v Amplitude unbalance, 0.15 dB
v Good isolation, 22 dB

v Excellent VSWR, 1.2:1

ZN8PD-362HP+

600 to 3600 MHz

A2aaaqaq

Heat sink available

from 36968 (qty.1-9)

Up to 100W 8 Way-0°

v Low insertion loss, 1.0 dB

v Amplitude unbalance, 0.4 dB
v Good isolation, 23 dB

v/ Good VSWR, 1.2:1

ZA2CS-251-20W+

2ZB4PD-332HP+

500 to 3300 MHz

t.ﬁ\“__ E
- - S

Heat sink available 26 6
from ea. (qty.1-9)

Up to 100W 4 Way-0°

v Low insertion loss, 0.8 dB

v Amplitude unbalance, 0.2 dB
v Excellent VSWR, 1.15:1

v Good isolation, 22 dB

10t0250 MHz

from 9 4ea (qty. 1-9)

Up to 25W 2 Way-0°
v Up to 20W as combiner
v/ Low insertion loss, 0.17 dB
v/ Low amplitude unbalance, 0.05 dB
v/ High isolation, 30 dB
v/ Excellent VSWR, 1.1:1

Visit minicircuits.com for detailed specs, performance data, free S-Parameters and off the shelf availability!
Place your order today for delivery as soon as tomorrow!

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
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PRODUCTS
TO SOLUTIONS

MMW

Ducommun has more than 45 years
of experience with the design,
testing and manufacturing of

standard and custom millimeter
wave amplifiers.

S)Ducommun

« High Power, Single DC power supply/
internal sequential biasing

32 to 36 GHz Power Amplifier

+ AHP-34043530-01

* Gain: 30 dB (Min)

- Gain Flatness: +/-2.0 dB (Max)

+ P-1dB: 34 dBm (Typ), 33 dBm (Min)

« Broadband, Low noise with high gain

26.5 to 40.0 GHz Low Noise Amplifier

- ALN-33144030-01

* Gain: 30 dB (Min)

- Gain Flatness: +/-1.0 dB across the
band

* Noise Figure: 4.0 dB (Typ)

For additional information,
contact our sales team at
310.513.7256 or

rfsales@ducommun.com

See us at EUMW Stand 144

170

EuM\Y Product Showcase

351
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Hall Passy

NIAWR Stand E112
Design Environment Software

7 Visit NI at Stand
NI AWR Design
Environment E112 to explqre the
new features in V12

NI AWR Design Environment software.
Demonstrations include new amplifier, radar
and antenna specific features as well as ease
of use, performance improvements and third-
party flows such as ANSYS HFSS.
www.awrcorp.com/v12

National Instruments
FPGA Programmable Solutions
National Instru-

4 # ments, provider of

#« P RF and commercial

% wireless test equip-
ment, will be featur-

ing new LabVIEW FPGA programmable so-
lutions for spectrum monitoring and elec-
tronic warfare applications. These solutions
include a real-time spectrum analysis demon-
stration using NIs new controller for
FlexRIO. The NI Controller for FlexRIO
combines with wideband RF transceiver
adaptor modules to produce a rugged and de-
ployable radio platform. The new FlexRIO
solution complements NI's PXI high-perfor-
mance signal analyzers such as the PXIe-
5668R — the industry’s widest bandwidth 26.5
GHz real-time spectrum analyzer.
www.ni.com

NI Microwave Components

Synthesizers
I QuickSyn synthesiz-
;ﬁgﬁ%ﬁ;:_?_ . ers are now Z}I(ltended
S mmma J to mmWave. NI
T .y ﬁ ; Microwave Compo-
“._j r nent’s new QuickSyn
mmWave synthesizer
modules use the same QuickSyn technology that
allows fast switching, low phase noise and com-
pact size. These CW sources cover popular fre-
quency bands, 27 to 40 GHz, 50 to 67 GHz and
76 to 82 GHz for a variety of applications includ-
ing a backhaul for digital radio, point-to-point
and point-to-multipoint wireless HDMI, WiGig,
TEEES02.11ad, wireless gigabit Ethernet and
automotive radar for collision avoidance.

JVENDORVIEW

WIoWw.1M.CoMm

SPINNER GmbH
Going the Extra Mile

At European Microwave
H \ Week, SPINNER will pres-
ent a selection of superior

SPINNER rotary joints for satellite
V communications as well as
test and measurement

products for calibration and PIM. SPINNER will
also be launching its low PIM switch and rotary
joint, which will help to save further costs in auto-
mated RF test and measurement environments.
SPINNER is a global leader in developing and
manufacturing state-of-the-art RFcomponents.
Since 1946, the industry’s leading companies have

Stand 274

Rohde & Schwarz
GmbH & Co. KG

Vector Signal Generator

With its new micro-
wave frequency op-
tions, the R&S
SMW200A  vector
signal generator sup-
ports  development
applications  requir-
ing complex multi-
channel scenarios up
to 40 GHz. It is the only instrument on the
market to combine a baseband generator and
RF generator with fading, AWGN and MIMO
capabilities in a single box. Offering an RF
modulation bandwidth of 160 MHz with ex-
cellent I/Q flatness and EVM, the R&S
SMW200A generates signals of the highest
modulation quality in the microwave range.
www.rohde-schwarz.com

Stand E113

USB and LAN Diode Sensors

The completely rede-
signed R&S NRPxxS
and R&S NRPxxSN
USB three-path di-
ode power sensors of-
fer  unprecedented
measurement speed and accuracy, even at low
levels. The sensors enable 10,000 triggered
measurements per second with a minimum
trigger resolution of 100 ps. A special mode
permits 50,000 equidistant measurements
per second. The improved design decreased
the lower measurement limit to -70 dBm, re-
sulting in a very wide dynamic range of 93 dB.

VENDORVIEW

www.rohde-schwarz.com

trusted SPINNER to provide them with innovative
products and outstanding customized solutions.

\JVENDORVIEW

www.spinner-group.com

Anritsu Stand E305
5G Wideband Modulated S-Parameter

VNA Measurements

VectorStar VNA paired
with Chalmers Univer-
sity software to demon-
strate power amplifier
measurements under
modulated conditions.
Instantaneous receiver
bandwidth of up to 200 MHz utilizing the
NLTL sampler and high speed IF digitizer op-
tion to evaluate device and amplifier character-
istics under 5G conditions. The interface pro-
vides a display of ACPR, adjacent channel in-
termodulation and AM/AM characteristics.
Performing these measurements up to 70 GHz
provides the first-ever capability to analyze de-
vice and component performance under real
world conditions including future 5G networks.

Y/VENDORVIEW

www.anritsu.com
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Hall Neuilly

Dow-Key Microwave Stand 116
High Power & Lightweight T-Switch
Dow-Key Micro-
wave presents its
high power T-switch
511H-series, which
has been qualified
and supplied to vari-
ous domestic and in-
ternational space
programs, for both military and commercial
use. Today’s design is offered with 1.5 kW
peak power at UHF-Band, 300 W peak power
both at L-Band and S-Band, and 200 W peak
power at C-Band. In addition to its superior
RF performance and lightweight design, the
511H-series minimizes the switching time by
using random access drive and it is available
in various mounting configurations.

\JVENDORVIEW
www.dowkey.com

K&L Microwave
Lowpass Filters

Stand 116

Using a proprietary

e approach for power

e ..  handling, K&L has

e il developed a series of

)éﬁ cleanup lowpass fil-

ters for high power

applications.  High

power amplifiers often create spurious re-

sponses that are undesirable, K&Ls lowpass

filters enable a spurious free response as

much as ten times the fundamental frequency.

With power handling currently up to 2500 W

and frequency coverage from 0.5 to 100 MHz,

these lowpass filters enable spurious free HPA

performance. To discuss your application visit

K&L at Stand 116.

www.klmicrowave.com

Pole/Zero

Tunable Bandpass Filter

Pole/Zero’s new
NANO-ERF™  tun-
able bandpass filter
covers the military
tactical radio band of
30 to 520 MHz while
fitting in a package
measuring 1.1" x 1.1"
x 0.216" (28 x 28 x 5.5 mm). The NANO-
ERF combines SMT capability with +6 dBm
in-band and +20 dBm out-of-band RF power
handling, +16 dBm IIP3, low insertion loss (5
dB typical in a 6% filter), 27 ps typical tune
time and selectivity of 20 dBc at fc + 15 per-
cent for 6 percent bandwidth.

www.polezero.com

Stand 116

MICROWAVE JOURNAL m AUGUST 2015

LORCH

A FULL SPECTRUM
OF FILTER SOLUTIONS

Ceramiclmhls

Tubular Filters

Cai |iy Filters Discrete Components

Integ Assemblies Tunable Filters

RF Products

To satisfy the most demanding and complex applications for
military, industrial, and commercial customers worldwide.
Lorch Microwave provides over 40 years of innovation and

engineering expertise to manufacturea wide range of products
delivering high quality, high performance,and high reliability —
quickly and affordably — the Lorch advantage.

www.lorch.com
800.780.2169
410.860.5100

smtths +44 (0) 1757 633 755

171


http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=171&exitLink=http%3A%2F%2Fwww.dowkey.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=171&exitLink=http%3A%2F%2Fwww.klmicrowave.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=171&exitLink=http%3A%2F%2Fwww.polezero.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=171&exitLink=https%3A%2F%2Fwww.lorch.com

ZN

EuMW 2015

FREEDOM THROUGH MICROWAVES

Spectrum Elektrotechnik
GmbH
Phase Shifters

PHASE SHIFTERS &
OR MODULATORS
z Bandwidth

VECT

Stand 128

Phase shifters or phase
adjusters of Spectrum
Elektrotechnik GmbH
are passive devices, be-
ing used to change the
phase of an RF signal.
Key parameters in-
clude consistent ampli-

Switching Speed 500 nSec

Digital or Analog Models

ATTENUATORS

172

foltage &

EuM\X/ Product Showcase

tude across all phase states and low insertion
loss. The units are used in phased array anten-
nas, phase modulators, frequency converters,
testing and instrumentation. Frequency ranges
start always at DC, with operation to 2, 12, 18,
26, 40, 50 and 63 GHz. New are the mini phase
adjusters.

www.spectrum-et.com

MULTI - FUNCTION

ASSEMELIES

Ve

2 Emery Avanua

Randolph, NJ O7B8E63 USA
27F3-3617-5700 Fax: 373-36171-5722
www.gtmicrowave.com

e-rmail snlesl'-ij' gtmicrowave.com

Hall Neuilly

Southwest Microwave Stand 141
SuperMini Board-to-Board DC to 67 GHz

Connectors

SuperMini  board-to-
board DC to 67 GHz
blind-mate connectors
optimize transmission
line reliability  for
board-to-board appli-
cations, assuring inter-
connect performance
for PCBs stacked as
tightly as 3 mm. Unique bullet and receptacle
designs accommodate 0.010" axial and + 5° ra-
dial misalignment. Low mating insertion force
allows an increased density of interconnections
per board. Superior bullet design enables ex-
tended mating and de-mating cycles. Available
vertical and end launch configurations for mi-
crostrip and grounded co-planar launch transi-
tions, plus direct solder cable assemblies to
simplify high performance push-on test con-
nection to board-to-board receptacles.
www.southwestmicrowave.com

Greenray Industries Inc. Stand 143
Temperature Compensated Oscillator

. Greenray  Industries
,’J._,‘_fp‘; — Inc. announced the
B o, availability — of  the
Pl TI220 TCXO. The

e /.// new, high performance
= T1220  temperature

compensated  oscilla-
tor, available from 10 to 50 MHz with square-
wave, CMOS output, features ultra tight fre-
quency stability vs. temperature performance.
The T1220 offers a low g-sensitivity option
(down to < 7 x 10-19/g) while maintaining supe-
rior frequency stability. The T1220’s tight stabil-
ity makes it an ideal choice for mobile radio
applications where OCXO performance is re-
quired but at low power consumption.
www.greenrayindustries.com

Ducommun Inc. Stand 144

60 to 90 GHz Block Down-Converter
Model SNG-12-01 is a
full  E-Band block
down-converter.  Its
primary function is to
extend the testing ca-
pability of low cost, low
frequency noise figure
meters. It also allows
noise figure testing of
E-Band devices with-
out a noise figure meter, using the Y-factor
method. The block down-converter is also ver-
satile for use with various other applications.
With a low cost design, Model SNG-12-01 is an
affordable expansion to millimeter-wave labs
that do not have the budget for large scale
equipment.

www.ducommun.com
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API Inmet Stand 152
Higher Shift Temperature Variable

Attenuators
~ API Inmet expanded
the temperature vari-
able attenuator offer-
ing by introducing the
-.009 dB/dB/°C series
for applications up to
———— 12 GHz and 2 W inci-
dent power. Thlq add_ltlon to the Powerfilm™
brand of resistive components eliminates the
need for gain control circuitry and bias or

values 2 thru 5 dB. More information and
data sheets can be found at www.inmet.api-
tech.com. Sample requests can be made at
inmetsales@apitech.com or call (734) 426-

5553.
www.inmet.apitech.com

API Technologies Corp.

Hybrid Driver Amplifier

The QB-904 is a 4 W
hybrid driver ampli-
fier operating over
the 2 to 6 GHz fre-
quency range utiliz-
ing the latest in GaN
die technology. It features a wide DC input
voltage range, 38 dB of small signal gain and a
saturated output power of +36 dBm, mini-
mum. The QB-904 is packaged in a small,
hermetically sealed copper nickel housing
with an optional heat sink.

www.apitech.com

APl Weinschel
Programmable Attenuator Units

Weinschel, an API Technologies company,
announced a new series of programmable at-
tenuator units that offer a new streamlined
approach in programmable attenuation for
bench test and subsystem applications. Mod-
els 8320/8321, house and control various
Weinschel programmable attenuator models
(3200-XE, 3400, 150T and 4200 Series) via
front panel controls, Ethernet, USB 2.0 and
serial communications interfaces. A GPIB
(IEEE-488) interface is also available as an
option. This series is available in single or up
12 channel configurations and can be config-
ured for front or rear connectors.

Y)VENDORVIEW

www.weinschel.apitech.com
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Holzworth
Instrumentation
Signal Generators

Good Things Really I)n Cmne in Small
Packages....ﬂne {}f the

When space is not available,

Stand 144

Holzworth Instrumen-
tation’s HSX Series sig-
nal generators exhibit
industry leading phase

noise and spectral pu-

- rity performance cou-

pled with an accurately

Hall Neuilly

calibrated dynamic range of +23 to -110 dBm. 1, 2,
3 or 4 channel models are available in a 1U form
factor; each providing the ultimate in frequency ac-
curacy, channel-to-channel stability and phase co-
herency. The 10 MHz to 6 GHz CW source prod-
uct is currently available with 12 and 20 GHz mod-
els available as beta evaluation units. Experience a
demo at EuMW Stand 144.

\JVENDORVIEW

www.holzworth.com

try 3H Communication Systems, Inc.
NEW Nano Filters with a height starting at 0.08”
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RFMW
Circulator

Stand 146

The RFCI RFCR8934
is a wideband, drop-in
circulator spanning 8
to 18 GHz with 250 W
peak/25 W average for-
ward power handling.
Part of the RF Circula-
tor Isolator  Inc.’s
(RFCI)  family  of

EuM\X/ Product Showcase

broadband, octave and octave plus drop-in cir-
culators, the RECR8934 provides >16 dB typi-
cal port-to-port isolation while maximum inser-
tion loss is 0.7 dB. Octave and octave plus circu-
lators are a robust, drop-in alternative to broad-
band coaxial designs used to protect active
components from distortion or potentially dam-
aging reflected power.

Y)VENDORVIEW
www.r tmw.com

Multipath Rayleigh & Rician Fading
Unmanned Arial Vehiclé (UAV) testing

Sophisticated Satellite link emulation

Mobile Comm’s on the meve t&sting

Test solutions for ....
WIN-T
MUOS
JTRS
IRIS

'

"

RF Test Equipment for Wireless Communications
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dEBmCorp, Inc

32A Spruce Street
Tel (201) 677-0008

& Oakland, NJ 07436
& Fax (201) 677-9444

www.dbmcorp.com

Hall Neuilly and Hall Ternes

AR RF/Microwave
Instrumentation
Amplifier

Stand 154

Model 100S1G6AB is a
solid-state; 100 W Class
AB amplifier design that
instantaneously covers 1
to 6 GHz in one unit.
The 100S1G6AB will
provide Pout of 100 W minimum at Psat with infi-
nite mismatch tolerance housed in approximately
half the size of a traditional Class A design at a
much more economical price.

\VENDORVIEW

www.arworld.us

HUBER+SUHNER

RF-over-Fiber Series

The market is evolving at a significant pace.
With customers requiring that new solutions
and systems combine
various  technologies,
HUBER+SUHNER
has positioned itself to
be able to provide its
customers with end-to-
end solutions. Key
benefits of combining radio frequency and fiber
optics in a single solution: no changes required
to existing RF infrastructure, secure, light-
weight, covers greater distances with less loss,

[N un.'-.l'

Stand 198

Stand 198

wide frequency ranges available, flexible con-
nectivity options, reduced total cost of owner-
ship and future-proof.
\JVENDORVIEW
www.hubersuhner.com
Ingun Prufmittelbau GmbH
RF Probe up to 12 GHz
The German test
P y equipment  manufac-
: turer INGUN has de-
‘: veloped a new radio
) % frequency probe HFS-
856 for contacting
switch-connector (MMS8030, MM8430, MS-156
and MS-180) and also miniature plug connec-
tors (U.FL). During the contacting process the
outer conductor is contacted first, whereupon it
then aligns optimally on the connector due to its
floating mounting and ultimately makes contact
to the signal conductor. Using the new design,
frequencies up to 12 GHz can be transferred.
The assembly is carried out by means of a flange
with a centering bolt and two screws. The HFS-
856 is connected via a SMA plug.
www.ingun.com
RFHIC Stand 205
GaN SMD Module
RFHIC’s GaN SMD Module, HI2425-15A is
specially designed for wireless power trans-
fer (WPT), plasma lighting system (PLS),
thermal therapy applications. And more high
power and beam switching system can be ac-
complished by employing array antenna. Us-
ing an advanced high power density GaN
semiconductor process, this high perfor-
mance amplifier achieves efficiency of 80
percent and powers 5 to 15 W at 2.45 GHz
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IME2015

October 21-23 China
The Leading Microwave and Antenna Event

IME/China 2015

The 10th China International Conference & Exhibition
on Microwave and Antenna

October 21-23,2015 Shanghai, China

IME/China, In Delivering High Quality RF, Microwave and Antenna Products

e 200 Exhibitors from 15 Countries e 30 High Quality Seminars
¢ 8,000 Square Meters of Exhibiting Area e 4,000 High Quality Visitors

If you are interested at IME/China, please contact:
Ms. Shen Xiaorong
Tel: +86-21-32516618 E-mail: expo@vtexpo.co
Website: www.imwexpo.com
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HIZ425-154 .

of ISM band.
HI12425-15A is 50
ohm input/output
matched in a very
small form-factor
15 x 10 x 5.4 mm
R on aluminum ni-
g tride (AIN) board
that provides ex-

cellent thermal dissipation.

www.z_’ﬂic.com

3
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Coilcraft

High Q Air Core Inductors
Coilcraft tight toler-
g ance  surface-mount
“spring” inductors
combine the exception-
Ry ally high Q of an air-
~ wound coil with the
convenience of surface-
mounting. Their flat tops make them suitable
for automatic placement and reflow or vapor-

Stand 217

Temperature

Variable Attenuators

TVAs from the recognized leader in high reliability resistive

components offer:

e Casesize 0.150” x0.125" x 0.018"

e Choice of three temperature coefficient of attenuation (TCA)
values: -0.003, -0.007, -0.009

Attenuation values from 1-10 dB

Planar design with solderable or wire bondable terminations

Lower signal distortion, phase change and intermodulation
compared with active circuit temperature compensation

State of the Art.

State of the Art, Inc.

www.resistor.com

2470 Fox Hill Road, State College, PA 16803-1797
Phone: 800-458-3401 or 814-355-8004 * Fax: 814-355-2714
E-mail: sales@resistor.com ¢ Source code: 56235

QUALIFICATIONS 1S09001 & AS9100 » MIL-PRF-55342  MIL-PRF-32159 « MIL-PRF-914

176

Hall Paris

phase processing. The SQ Family of square air
core inductors is offered in seven sizes with Q
factors up to 230 and current ratings as high as
5.7 amps. Visit Stand 217 to learn more. Also be
sure to ask about their ultra-broadband conical
inductors.
www.coilcraft.com/prod_smspring.cfm

Stand 219

Isola Group
Laminates

Astra  MT laminates
and prepreg are break-
through, ultralow-loss
dielectric materials for
patch antenna designs
and RF front-end
PCBs for 76 to 81 GHz
radar applications. Astra MT materials enable a
higher yield in RF-hybrid PCB manufacturing,
reducing production costs. Astra MT features a
Dk that is stable between -55° and +125°C at
up to 20 GHz. In addition, Astra MT offers a
lower dissipation factor (Df) of 0.0017, making
it a cost-effective alternative to PTFE and other
commercial microwave laminate materials.
www.isola-group.com

Norden Millimeter Stand 230

Block Frequency Converters
Norden Millimeter produces a variety of block
frequency converters converting 18 to 26.5,
26.5 to 40, 40 to 60, and 60 to 70 GHz bands
into the 2 to 18 GHz
band. These converters
are usable to extend
the frequency range of
existing systems with
'. 18 GHz capability.
Norden makes both
down and up converter versions for each of
these bands. These converters can have variable
gain, 0.03 to 18 GHz bypass paths, and common
IF input/output. Shown is an 18 to 40 GHz
down-converter presently in production with
14.4 GHz LO frequency and 0.5 to 18 GHz con-
verter bypass.
www.nordengroup.com

OML Inc. Stand 230
Down-Converter
OML introduced its
first  down-converter
E=====]  (CINDC) that  di-

rectly interfaces with a

spectrum analyzer

without the need of an
external LO source. With a typical conversion
loss of 12 dB, excluding IF amplifier gain, and a
compression of 0 dBm typical, this down con-
verter covers both V-Band (50 to 75 GHz) and E-
Band (60 to 90 GHz). These two models can help
to provide solutions in IEEE 80211.ad (Y-Gig),
point-to-point radios and automotive radar.
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APMC 2015
D, G 09
——— MNonjing Ching

December 6-9,

APMC2015

2015 Asia-Pacific Microwave Conference

2015

Jinling Hotel, Nanjing, China

2015 Asia-Pacific Microwave Conference (APMC2015) is intended to provide an international forum for the

exchange of information on the research progresses and developments in electromagnetic wave theory,

microwave and antenna technology, microwave & millimeter wave integrated circuit technology, THz frequencies
technology, wireless communication technology and related fields. It is also an important objective of this
meeting to promote mutual-interaction among participants.

APMC2015 will be held in Nanjing, China on December 6-9, 2015. Nanjing was awarded the title of "Famous
Historic and Culture City" because it was the capital of China ten times. Today, Nanjing is Capital of Jiangsu
Province and one of the important hubs of communications in China. APMC2015 is organized by Southeast
University, co-sponsored by CIE Microwave Society and IEEE MTT-S, and technically co-sponsored by EuMA,
IEEE AP-S, Science and Technology on Antenna and Microwave Laboratory, IEEE MTT-AP-EMC Joint

Nanjing Chapter, etc.

ORGANIZING COMMITTEE
Honorary Chair

Zhenghe Feng (TsingHua University)

General Co-chairs

Wei Hong (SEU)

Jun-Fa Mao (SJTU)

IAC Co-chairs

Ke Wu (U Montreal)
Er-Ping Li (ZJU)

TPC Co-chairs

Xiao-Wei Zhu (SEU)
Ru-Shan Chen (NJUST)
Bing-Zhong Wang (UESTC)

Local Arrangement Co-chairs
Ji-Xin Chen (SEU)

Feng Xu (NUPT)

Shao-Bin Liu (NUAA)
Publicity Co-chairs

Fan Yang (TsingHua University)
Yi-Jun Feng (NJU)
Jun-Xiang Ge (NUIST)
Publication Comm. Co-chairs
Zhang-Cheng Hao (SEU)
Wen-Quan Che (NJUST)
Yan Zhang (SEU)

The APMC 2015 exhibition will be organized at the same
venue with the conference on December 7-9. The exhibition
is held in conjunction with the Technical Symposia and offers
an excellent opportunity for all segments of the microwave
community to meet. It is the synergy of the Exhibition and the
Technical Symposia for everyone involved in technologies
associated with RF, microwave, millimeter wave, and THz
frequencies.

Companies including the sponsors of APMC 2015 will exhibit
the latest microwave products and technologies. Also, some
exhibition booths will be provided for universities to present
their latest research outcomes.

Platinum Sponsor:

KEYSIGHT

TECHNOLOGIES

Organizer Co-sponsors

@ @ ™M ©IEEE

Technical Co-Sponsors

EuMA () @ -t

hini Manjing oaples

TO SPONSOR AND/OR RESERVE A BOOTH,
PLEASE CONTACT:

Ms Shen Xiaorong

Viewtran Exhibition Co., Ltd.

Tel: +86-21-32516618 Fax: +86-21-32516698
E-mail: expo@yvtexpo.com.cn
www.emfield.org/apmc2015
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Stand 231

Freescale Semiconductor
RF Power Integrated Circuit

Size, weight and power
are critical parameters
for avionics applica-
tions. Freescale’s
AFIC10275N is the in-

EuM\X/ Product Showcase

criteria by enabling much smaller and lighter pow-
er amplifier (PA) transponders. The AFIC10275N
integrates two amplification stages in a plastic
package, delivering 250 W with 31 dB of gain and
64 percent drain efficiency. The device also em-
beds temperature and RF sensing capabilities,
reducing the need for external components.

dustry’s first RF power ~ www.freescale.com

integrated circuit covering the 978 to 1090 MHz
band, and helps customers address these market

Discrete MESFETs

For Commercial and Military Applications Requiring
Low Phase Noise & High Linearity.

The BeRex GaAs Power MESFETs are ideally suited to applications requiring high OIP3 linearity
and low phase noise while providing high-gain, medium power and a low noise figure from DC to
26.5 GHz. These products are well suited for either wideband or narrow-band applications. They
are produced using state of the art metallization and each wafer is screened to insure compliance
with specifications. These chips utilize SI3N4 passivation for increased reliability.

The BeRex MESFET Transistor family:
GATE FREQ. Idss PAE
(GHz) (mA) (%)

(nm)

Hall Paris

Exodus Advanced
Communications Stand 233
Solid-State Power Amplifier
Exodus Advanced Com-
munications announced
the release of a new high
power ultra broadband
y ' solid-state power ampli-
A fier: AMP1062 operates

over 6 to 18 GHz in-
stantaneous bandwidth with 40 W minimum in
CW and 30 W P1dB typical output power using
state of the art Class AB GaN devices. Featur-
ing 46 dB of gain and 32 V DC supply voltage at
14 amp maximum current consumption, this
amplifier is suitable for use in multiple plat-
forms including communication, jamming, ra-
dar transmitter systems and TWTA replace-
ment.

www.exoduscomm.com

MPI Corp. Stand 237

Probe System for mmWave Application
MPI TS150-THZ is a dedicated manual probe
system designed especially for precise measure-
ments on substrates and/or on 150 mm wafers
in sub-THz range. The
system is extremely
stable and based on the
unique MPI air-bear-
ing stage concept with
1 pm fine XY position-
ing, with a large probe
platen, standard 4-port
support, unique platen
lift with 1 pm contact repeatability and integration
of state-of-the-art frequency extenders for easy re-
setting of different banded mmWave solutions.
www.mpi-corporation.com

178

BCF020T | 0.3x DC - 60 31 @I2GHz: 13.5 | @I2GHz: 20.0 JFW Stand 240
200 26.5 @I8GHz: 12.1 | @I8GHz: 20.2 Configurable Power Dividers for Lab Use
JEW introduced its lat-
BCF030T | 0.3x DC - 90 30 | @{2GHz: 13.5 | @I2GHz: 21.5 it est innovation in RF
300 | 265 @I8GHz: 11.5 | @18GHz: 21.7 = test _equipment. The
50PDA-150-XX is a
BCF040T | 03x | DC- | 120 | 32 [@i26mz:13.0 [@i2GH:: 23.0 ;‘r’:gg{ftetl(y) lzi\gratz%
400 26.5 @I8GHz: 10.4 | @I8GHz: 22.5 power divider assem-
blies. Tts modular de-
BCF060T | 0.3x DC - 170 32 @I12GHz: 12.5 @I12GHz: 25.0 sign can be specified at the time of order to in-
600 26.5 @I18GHz: 10.0 | @I/8GHz: 24.6 clude any number of combiner configurations.
Each interchangeable module may include four
BCF080T | 0.3x DC - 240 27 | @I2GHz: 11.2 | @12GHz: 26.0 2-ways, three 3-ways, two 4-ways, or one 8-way
800 26.5 @I8GHz: 9.7 @I8GHz: 25.8 (each assembly holds up to six modules).
www.jfwindustries.com
BCF120T | 0.3x DC - 340 31 @I2GHz: 11.2 | @I2GHz: 28.0
1200 26.5 @I8GHz: 9.3 @I8GHz: 27.9
BCF240T | 0.3x DC - 720 26.7 | @I2GHz: 9.8 @I2GHz: 30.4
2400 26.5 @I8GHz: 7.7 @I8GHz: 30.1
Vds =8V, Ta +25°C. Check out our website for product details at: www.berex.com
Mada in USA
| |
. Irl':ﬂ BeRex, Inc. 3350 Scott Blvd. Suite #6101, Santa Clara, CA 95054
Rl  Tel: (408) 452-5595; Fax: (408) 452-5596
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Connecting Minds. Exchanging ideas.
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" CALL FOR

2016

INTERNATIONAL MICROWAVE SYMPOSIUM
22-27 May 2016 | San Francisco, CA

s AN

IEE@E

MTT-S

Come join us in San Francisco and enjoy the flagship Microwave Theory
and Techniques Society (MTT-S) Conference in the Golden State of California!

The IEEE Microwave Theory and Techniques Society’s International
Microwave Symposium (IMS2016) will be held 22 - 27 May 2016 in

San Francisco, California as the centerpiece of a week dedicated to RF and
Microwave Technology. IMS2016 offers technical sessions, interactive forums,
plenary and panel sessions, workshops, short courses, industrial exhibits,
application seminars, historical exhibits, and a wide variety of other technical
and social activities including a guest program.

Co-located with IMS2016 are the RFIC symposium (www.rfic-ieee.org)

and the ARFTG conference (www.arftg org).

With over 10,000 participants and 1000 industrial exhibits of state-of-the-

art microwave products, IMS2016 is the world’s largest gathering of Radio
Frequency (RF) and microwave professionals and the most important forum
for the latest research advances and practices in the field.

PAPER SUBMISSION:

Authors are invited to submit technical papers describing original work and/
or advanced practices on Radio-Frequency, microwave, millimeter-wave, and
terahertz (THz) theory and techniques. The deadline for submission is 5pm
Central Standard Time 7 December 2015. Papers should be 3 pages in length
(PDF format), and should not exceed one megabyte in file size. Hardcopy and
email submissions will not be accepted. Please refer to the IMS2016 website
(www.ims2016.org) for detailed instructions concerning paper submission.
Authors must adhere to the format provided in the conference paper template
available on the symposium’s website. It is the authors’ responsibility to
obtain all required company and government clearances prior to submission.
Please don’t wait until the last day to start using the paper submission
process. Those unfamiliar with the process may encounter paper formatting
or clearance issues that may take time to resolve.

Adouble blind review process will be used to ensure anonymity for both
authors and reviewers. Detailed instructions on submitting a double-blind
compliant paper can be found on the IMS2016 website (www.ims2016.0rg).
Papers will be evaluated on the basis of originality, contént, clarity, and
relevance to the symposium. For accepted papers, the electronic submission
of a final manuscript along with a copyright assignment to the IEEE will be
required no later than 29 February 2016. Accepted papers will be included in
the Symposium Proceedings and submitted for inclusion in the IEEE Digital
Xplore Library. Authors of accepted papers should consider submitting an
extended version of their symposium paper for possible publication in the
IEEE Transactions on Microwave Theory and Techniques.

EMERGING TECHNICAL AREAS:

IMS2016 enthusiastically invites submission of papers that report state-of-the-
art progress in technical areas that are outside the scope of those specifically
listed in this Call for Papers, or that may be new to the symposium, but are of
interest to our attendees.

SPECIAL SESSIONS, WORKSHOPS, PANEL AND RUMP SESSIONS,
AND SHORT COURSES:

Topics being considered for these areas include Next Generation Wireless
Systems, Latest Technologies for RF/Microwave Measurements, and Advances
in RFIC Technology. Please consult the IMS2016 website for a more detailed
list of topics and instructions on how to prepare a proposal. Proposals must
be received by 8 September 2015.

STUDENT PAPER AND STUDENT DESIGN COMPETITIONS:

Eligible students are encouraged to submit papers for the student paper
competitions. The papers will be evaluated using the same standards as all
contributed papers. In addition, eligible students or student teams are invited
to consider taking part in student design competitions during the IMS2016,
which are organized and sponsored by various Technical Committees (TC) of
the MTT-S Technical Coordination Committee (TCC). Please visit the IMS2016
web site for full details.

MICROAPPS:

The Microwave Application Seminars serve as a forum for exhibitors at the
IMS to present the technology behind their commercial products and their
special capabilities. The presentations are open to all conference and exhibit
attendees. Please refer to the IMS2016 website (www.ims2016.org) for more
information on submitting MicroApps technical papers.

nm\l 3 |

JOIN THE CONVERSATION: #IMS2016

IMS2016.0RG

IMS2016 EXHIBIT SPACE IS AVAILABLE!

For reservation questions or further information contact:

The Exhibits Department at MP Associates, Inc.

tel: +1 303-530-4562 | exhibits@mpassociates.com
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PIN Diodes

- The Eclipse EGP7000

Integrated Microwave Assemblies for series of PIN diodes

= :

. . . . ) are processed with a
IF signal processing with SAW's Bl Lot rosistivity epi that
eXCepthnal performance: - have intrinsic Iayers

that range in thickness
L from 4 to 200 micron

* state-of-the-art deSIgn depending on éerformance specifications.
1 h|gh freq SeleCtiVitU @« These diodes are made with a grown junction

P++ layer that yields abrupt junction structures

L hlgh dgnamic range ' 3 that provide low punch through voltages and
: . ] minimize autodoping. They are available as
« MIL & space qual .19 s 0 20 70 ol O 16

Ra dar chips or in your choice of 19 packages.
& minimal SWaP www.eclipsemdi.com

SDECE Teledyne Relays Stand 260
. . RF Relay
CDI’T‘I mun Icatl{:lns Teledyne Relays an-

) S nounced its new 121
Electronic Warfare =P

e relay. The RF121 is a
el high repeatability,
- SPDT, broadband,

magnetic-latching  RF

relay with performance
| ] to 12 GHz. The RF121 is ideal for switchable

CORPORATION RF attenuators, RF switch matrices, high fre-
: quency spectrum radios, ATE and applications
(860) 651-0211 www.phonon.com/mod that require dependable high frequency signal

fidelity and performance. The RF121 is avail-
able in through-hole, surface-mount stub pin
(GRF121) and J-lead configurations. The
GRF121 has a frequency range of DC to 16 GHz.
www.teledynerelays.com
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and special reports from the

editors of Microwave Journal,

&
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update from Microwave Journal
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e S .
MICROWAYE w&cnzwon THESTELECOM)|INDUSTRY,

AST:S[OUTDOOR'SWITCHES

For all outdoor & severe weather applications

754 Fortune Crescent, Kingston, ON, K7P 2T3, Canada
Tel: 613/384/3939 - e-mail: info@astswitch.com

WWW.ASTSWITCH.COM

BAPERS

The information you nead,
from/indestry experts

KEYSIGHT

TECHNOLOGIES

Fundamentals of Arbitrary
Waveform Generation, ANG Primer

i at MWJournal.com

Frequency Matlers,

TRANSIENT IMMUNITY
TESTERS

The Avtech AVRQ series of high-
voltage, high-speed pulse generators is
ideal for testing the common-mode
transient immunity (CMTI) of next-
generation optocouplers, isolated gate
drivers, and other semiconductors.

Unstable éptocoupler
DUT logic output!

5 Vidiv Y Ilhﬂﬂbk-_f-—-

1.5 kV pulse from
model AVRQ-5-B,
with < 10 ns fall time.

500 V/div,
40 ns/div

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

SECTOR MICROWAVE

Model SLSM5, High Performance,
low cost synthesizers now

Frequency Steps 1 kHz

10 MHz Ext. or Int-Reference (0.5 PPM)
Control via RS-485, Multi Drop

Miniature' Assembly (2.5” X 2.5” X 0.6”)

Low cost custom designs are our specialty

www.luffresearch.com
sales@Iluffresearch.com
Tel: (516) 358-2880 Fax: (516) 358-2757

INDUSTRIES, INC,

| 38 O 30

b

CIRCUIT BOARD TESTERS
@ Std Sizes ® No Contact ® Easy Prep
Models 125HC, 08, 06, 03 from ~0.4 to ~12 GHz

® Usable from -50 to +150° C

g, tan © - Cavity™ sfwr
Thin Sheets, Substrates, Resins, Foams
www.damaskosinc.com
(610)358-0200 fax(610)558-1019

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

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

P

» Super low noise RF
amplifiers

» Broadband low noise
amplifiers

» Input PIN diode protected low
noise amplifiers

» General purpose gain block
amplifiers

» High power RF amplifiers
and broadband power
amplifiers

Lo

» RF isolators and
circulators

» High power coaxial and
waveguide terminations

» High power coaxial
attenuators

> PIN diode power limiters

» Active up and down
converters

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



http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=181&exitLink=http%3A%2F%2Fwww.luffresearch.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=181&exitLink=mailto%3Asales%40luffresearch.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=181&exitLink=http%3A%2F%2Fwww.avtechpulse.com%2F
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=181&exitLink=mailto%3Ainfo%40astswitch.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=181&exitLink=http%3A%2F%2Fwww.masterbond.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=181&exitLink=mailto%3Asales%40wenteq.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=181&exitLink=http%3A%2F%2Fwww.wenteq.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=181&exitLink=http%3A%2F%2Fwww.damaskosinc.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=181&exitLink=http%3A%2F%2Fwww.astswitch.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=181&exitLink=http%3A%2F%2Fwww.krfilters.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=181&exitLink=mailto%3Asales%40krfilters.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=181&exitLink=http%3A%2F%2Fwww.mwjournal.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=181&exitLink=http%3A%2F%2Fwww.sectormicrowave.com
http://www.mwjournal-digital.com/mwjournal/201508/TrackLink.action?pageName=181&exitLink=https%3A%2F%2Fad.doubleclick.net%2Fddm%2Fclk%2F293245688%3B120404869%3Bq

BookEnd

Ultra Wideband
Antennas: Design,
Methodologies,
and Performance

Giselle M. Galvan-Tejada,
Marco A. Peyrot-Solis and
Hildeberto Jardén Aguilar

he RF semiconductor industry is
I always eager to claim credit for en-
abling the tremendous growth in
wireless networks and their applications.
The antennas that propagate the signals
between the semiconductor transceivers
are often overlooked, perhaps because
their designs remain an art, notwithstand-
ing the mystery of Maxwell’s equations be-
ing reduced to numerical computation.
With the growth of ultra wideband
(UWB) wireless systems, from automotive
radar to body area networks, “Ultra Wide-
band Antennas” provides a comprehen-
sive treatment of the theory and design of
UWB antennas. The authors don’t assume
the reader has a foundation in antenna
design; after presenting the scope of their
book, they address general concepts, such
as the various types of antennas, radiation

patterns, gain, directivity, polarization and
impedance.

Shifting to UWB antennas, subsequent
chapters survey R&D and delve into the
practical design of directional and omni-
directional antennas. Chapter 3 describes
recent advances and presents some 20
antenna types (e.g., volcano-smoke slot,
tulip-shaped monopole, octagonal-shaped
fractal, planar inverted cone, double
ridged guide horn). Chapter 4 addresses
UWB antenna theory, followed by chap-
ters on phase linearity, the design of omni-
directional antennas for communications,
design of directional planar and volumetric
antennas, current trends and unresolved
problems. The final chapter describes
numerical methods, including finite dif-
ference, finite element and method of mo-
ments. The treatment of numerical analy-
sis wouldn’t be complete without discuss-
ing available software packages; although
not exhaustive, the chapter does include
NEC, HFSS and CST Studio Suite.

In addition to their common interest
in wireless systems and UWB antennas,
the three authors have combined their re-
spective academic backgrounds and pro-
fessional roles. Giselle M. Galvan-Tejada
received her Ph.D. in electronics and

telecommunications engineering from the
University of Bradford, U.K. and is a lec-
turer and full-time researcher in the Com-
munications Section of the Department
of Electrical Engineering of the National
Polytechnic Institute in Mexico City. Mar-
co Antonio Peyrot-Solis received his Ph.D.
in electrical engineering from the Center
for Research and Advanced Studies of the
National Polytechnic Institute. He works
for the Mexican Navy Research Institute
in Veracruz. Hildeberto Jardon-Aguilar re-
ceived his Ph.D. in radio systems from the
Moscow Technical University of Commu-
nications and Informatics in Russia. He is
a full professor at the Center for Research
and Advanced Studies of the National
Polytechnic Institute and has written five
books and more than 100 technical papers.

To order this book, contact:
Publisher: CRC Press
WWW.Crcpress.com
295 pages

$103.96 for the hardcover edition
$90.97 for the eBook
ISBN-13: 9781482206500

,<|»|ARTECH nouse NEW MICROWAVE TITLES

Distributed Power Amplifiers
for RF and Microwave
Communications

Narendra Kumar and

Andrei Grebennikov

Hardcover ¢ 372 pp. ¢ 2015

ISBN: 978-1-60807-831-8

$179 / £129

Call 1-800-225-9977 (in the U.S. or Canada),

or 1-781-769-9750, ext. 4030
Fax 1-781-769-6334

E-mail to: artech@ArtechHouse.com

Call +44 (0)20 7596 8750
Fax +44 (0)20 7630-0166

E-mail artech-uk@ArtechHouse.com

RF Positioning: Fundamentals,
Applications, and Tools

Rafael Saraiva Campos and
Lisandro Lovisolo

Hardcover ¢ 320 pp. * 2015

ISBN: 978-1-60807-816-5

$179 / £125

tO RF “f‘hnn PUBLISHED

P-'Ilcrowa\.
passwe
OMponents

Introduction to RF and
Microwave Passive
Components

Richard Wallace and
Krister Andreasson
Hardcover ¢ 400 pp. * 2015
ISBN: 978-1-63081-008-5
$149 / £99

For complete descriptions and to order, visit

ArtechHouse.com

All orders plus shipping/handling and applicable taxes.

» ARTECH HOUSE

BOSTON | LONDON

685 Canton Street, Norwood, MA 02062 USA
16 Sussex Street, London SW1V 4RW UK
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LEVERAGING TECHNOLOGY - THE JOINT IMPERATIVE

bLisadd A i
OCTOBER 26-28, 2015 « TAMPA, FLORID

LEARN MORE AT :
i .

B m'—""*\._ - p‘"."". y ’
- anniversary of the premier international conference
E:_—_ A e R L e “Leveraging Technology— The Joint Imperative ' 1 {1
Q&l@éﬂlng minds of government, military, industry and academia in an interactive
*ﬁyrthe.r explore and define the benefits that joint-level collaboration bring to
~currentand fut'u'_l_&-communication challenges. Leaders from around the world will address
wthe'critical rél'é-c't;;r'\r"'n"unications plays in military readiness and operations. The Tampa
~ location is ideal for this discussion, with close proximity to the MacDill Air Force Base
military community, U.S. Special Operations Command (SOCOM), U.S. Central Command
(CENTCOM) and the 6th Air Mobility Wing. MILCOM offers industry the opportunity to
discuss communications technologies and services with decision makers from all branches

of the armed forces, the Department of Defense, federal agencies and multinational forces.

In the MILCOM tradition, the conference will feature an outstanding series of technical
presentations, discussions and tutorials, as well as nearly 30,000 square feet of industry
exhibits all under one roof. It will include more than 300 unclassified and restricted
technical presentations, tutorials and panel discussions led by experts in defense
communications. Topics will include the spectrum of command, control, communications,
computers, intelligence, surveillance and reconnaissance (C4ISR) technologies and
capabilities that address 21st century communications challenges related to national
defense, homeland security, disaster response and interoperability. Continuing education
credits will be available to all attendees.

HTTP://EVENTS.JSPARGO.COM/MILCOM15/PUBLIC/ENTER.ASPX
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USB &
Ethernet

Programmable

ATTENUATORS

New Models
up to 120 dB!

0-30,60, 90, 110 &120dB 0.25dB Step 1MHz to 6 GHz* from$3 9 5

Mini-Circuits’ new programmable attenuators offer
precise attenuation from 0 up to 120 dB, supporting
even more applications and greater sensitivity level
measurements! Now available in models with maximum
attenuation of 30, 60, 90, 110, and 120 dB with 0.25 dB
attenuation steps, they provide the widest range of level
control in the industry with accurate, repeatable
performance for a variety of applications including
fading simulators, handover system evaluation,
automated test equipment and more! Our unique
designs maintain linear attenuation change per dB over

Models Attenuation Attenuation
Range Accuracy
RUDAT-6000-30 0-30 dB +0.4 dB
RCDAT-6000-30 0-30 dB +0.4 dB
RUDAT-6000-60 0-60 dB +0.3 dB
RCDAT-6000-60 0-60 dB +0.3 dB
RUDAT-6000-90 0-90 dB +0.4 dB
RCDAT-6000-90 0-90 dB +0.4 dB
NEwW RUDAT-6000-110  0-110dB +0.45 dB
NEW RCDAT-6000-110  0-110dB +0.45 dB
NEW RUDAT-4000-120  0-120 dB +0.5dB
NEw RCDAT-4000-120  0-120 dB +0.5dB

*120 dB models specified from 1-4000 MHz.

the entire range of attenuation settings, while USB,
Ethernet and RS232 control options allow setup flexibility
and easy remote test management. Supplied with
user-friendly GUI control software, DLLs for
programmerst and everything you need for immediate
use right out of the box, Mini-Circuits programmable
attenuators offer a wide range of solutions to meet
your needs and fit your budget. Visit minicircuits.com
for detailed performance specs, great prices, and off
the shelf availability. Place your order today for delivery
as soon as tomorrow! RoHS compliant

Step USB Ethernet RS232  Price

Size Control Control Control Qty. 1-9
0.25 dB v - v $395
0.25 dB v v - $495
0.25 dB 4 - v $625
0.25 dB v v - $725
0.25 dB v = v $695
0.25 dB v v - $795
0.25 dB 4 - v $895
0.25dB 4 v - $995
0.25dB v/ - v $895
0.25dB v v - $995

tNo drivers required. DLL objects provided for 32/64-bit Windows® and Linux® environments using ActiveX® and .NET® frameworks.

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003

(718) 934-4500 sales@minicircuits.com
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United Monolithic Semiconductors (UMS) was cre-
ated in 1996 as a joint venture between Thales and
EADS, to provide a European source of llI-V technolo-
gies and products. UMS is the European leader in
offering RF MMIC products and foundry services for
specialized markets, including defense and space,
telecommunications, automotive radar and industrial
sensors to the worldwide market.

The company has two production sites:

Company headquarters in Villebon, France, is the
site of the design center, foundry services and back-
end production and services. It also houses a 1400
m? state-of-the art clean room and labs that offer
on-wafer testing, automatic visual inspection, dicing,
picking, automated test of packaged devices and
characterization.

The Ulm, Germany facility houses 1000 m? of labs
and clean room where GaAs and GaN technology de-
velopment and wafer manufacturing take place. UMS
also has sales offices in Lowell, Mass. and Shanghai,
China, along with a network of eales representatives
supporting a global customer base.

UMS’ comprehensive offer is based on the supply of
either ASIC or catalogue products, mainly based on
the company’s internal lll-V technologies, and through
the provision of a comprehensive foundry service,
allowing customers to directly create their own prod-
uct solutions. The range of catalogue products from
DC to 100 GHz is based on GaAs, GaN and SiGe
technologies and encompasses power amplifiers up to
200 W, mixed-signal functions, very low noise ampli-
fiers and complete transceiver systems.

In-house GaAs and GaN processes provide the
technology platform to enable the design of leading
edge products and form the basis of foundry services

to external design centers. The open foundry provides
an integrated suite of services aimed at ensuring
that ASIC designs are fabricated successfully on the
first fabrication run. The flow from design to fabrica-
tion and delivery is optimized to offer designers the
right process selection to meet design goals; design
kits supported by extended, accurate and validated
models available on familiar platforms; technical sup-
port at all stages of the project, including critical
foundry design reviews to identify and solve issues
early; fabrication using reliable and repeatable pro-
cesses; optional early MMIC validation through on-
wafer test; dicing and known good die delivery.

UMS has strong relationships with many of the
major R&D centers and universities throughout
Europe. Recent innovations include multichip trans-
ceiver modules, using a combination of SiGe and GaAs
technologies for the latest 24 GHz automotive radar
sensors; and GaN high power devices, including general
purpose transistors in SMD DFN packages and inter-
hally matched power quasi-MMIC amplifiers from L to
C-Band in ceramic and QFN packages.

Fower applications are the main drivers for in-house
technology development. In addition to 0.5 pm, a 0.25
um GaN HEMT high power technology has recently been
qualified and released. It has been used internally and by
foundry partners to create new products up to 20 GHz.

In the future, the current GaN technology range will
be extended to higher frequencies with the development
of a 0.15 ym technology. GaAs technology will remain
the optimum choice for some power applications,
s0 UMS is releasing a high breakdown voltage GaAs
PHEMT process (PPH15X-20) for linear power applica-
tions into Ka-Band. In addition to chip-and-wire aseem-
blies, it will be compatible with standard QFN packaging.

WWwW.ums-gaas.com
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Explore the limits.
T&M solutions for
aerospace and defense.

Today's aerospace and defense technologies demand ever more / -

s &
sophisticated test and measurement solutions to stretch the limits \\ K<
of what is feasible. As a full-range supplier, Rohde & Schwarz e et
offers a broad portfolio that proves its capabilities in even the most /ﬂ\\\“‘ b g \Q_\( o =
. L. . L . N 3 R e
demanding applications. Our leading-edge expertise |n' m.|cr0wave, ’ & _ < NG
RF and EMC helps customers assess performance, optimize platforms & n N, “ g
and get the most out of systems. Convince yourself. & f \W =t
_— . N\

www.rohde-schwarz.com/ad/sat/nwa =

Technological highlights: network analysis

1 Easy-to-use modular solutions up to 500 GHz

1 Pulse profile measurements with high resolution

1 Precise group delay measurements on
frequency converters without LO access

1 Absolute phase measurements on mixers
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CE\_EBRATlNG 50 YEARSs of Hig

POWER PASSWECOMP ONENTsH

NEw 1 TO 3 GHz DESIGNS

« 2-WAY & 4-WAY COMBINERS
* IN-PHASE AND HYBRID DESIGNS

* FULL PORT-To-PORT ISOLATION
* MisMATCH TOLERANT® DESIGNS
* LowEST Loss & SMALLEST SIzE

* CONNECTORIZED AND SURFACE MOUNT

Model QH10089

90° Hybrid Coupler

EXCELLENT
AMPLITUDE BALANCE

This High Power 90° Hybrid Coupler
covers the full 800 - 2800 MHz
bandwidth, at 200 W CW. Incurring just
0.35 dB of insertion loss, while providing
a minimum of 20 dB isolation, this
compact, surface mount design, measures
just 1.25 x 0.55 x 0.08". The QH10089 is
ideal for extreme military or commercial
environmental conditions.

Model D10118

4-Way Radial Combiner

PowER RATING OF
1,500 W CW

The D10118 is the newest addition to our
full line of Radial Combiners & Dividers.
Ideal for Radar, EW, and Telecom systems,
this 4-Way design is rated at 1500 W CW,
and combines or divides a single stage
through a radial transmission Lline
structure. The D10118 generates low loss
and requires minimal heat dissipation.

Model D10262

2-Way 0° Combiner
TOLERATES A
FuLL INPUT FAILURE

The D10262 is a 2-Way Combiner rated at
600 W CW, and operates with full port - to
port isolation of 17 dB minimum. This
high power combiner is designed to
handle an input failure, at rated power,
while operating at a +70°C baseplate
temperature. Ideal for coherent and
non-coherent combining, the D10262 is

suitable for multiple military applications.

Model D9623

4-Way 0° Combiner
DESIGNED FOR
MIL-STD-810

Werlatone provides several combiner
designs, for high power applications,
where the customer determines that port-
to - port isolation is not required, or when
an isolated design incurs too much loss.
The compact and robust Model D9623, is a
4-Way Combiner, covers the full 1 - 3 GHz
bandwidth, and is rated at 500 W CW.

Model H10125

180° Hybrid Combiner

SMT
180° HYBRID

Our newest 180° Hybrid Combiner /
Divider delivers best-in-class amplitude
balance, typically + 0.2 dB, and operates
with a maximum insertion loss of 0.5 dB.
Supplied as a surface mount, stripline
design, the H10125 is rated at 350 W CW,
offers excellent phase tracking, and 30 dB
typical port - to - port isolation.

Model H10253

180° Hybrid Combiner

CONNECTORIZED
180° HYBRID

The Model H10253 is the connectorized
version of Model H10125. Rated at 350 W
CW, and measuring just 2.31 x 1.21 x
0.25", this high power hybrid operates
with 20 dB port - to - port isolation, an
amplitude balance of + 0.2 dB maximum.
Supplied with all N Female connectors,
the H10253 is robust & compact.

‘WERLATONE, INC.

17 JoN BARRETT ROAD PATTERSON, NY 12563 (845) 278-2220 WWW.WERLATONE.COM SALES@WERLATONE.COM
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