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

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

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.

(…110 GHz to be exact.)

Picoprobe elevates probe cards to a higher level…

Through unique modular design
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.

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

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
Insertion Loss
Return Loss

20GHz
0.8 dB
18 dB

10GHz
0.6 dB
22 dB

40GHz
1.3 dB
15 dB

GGB INDUSTRIES, INC.     •     P.O. BOX 10958     •     NAPLES, FL 34101
Telephone  (239) 643-4400     •     Fax   (239) 643-4403     •     E-mail  email@ggb.com     •    www.picoprobe.com
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Mini-Circuits®

www.minicircuits.com    P.O. Box 350166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com

The industry’s largest selection includes THOUSANDS
of models from 2 kHz to 26.5 GHz, with up to 300 W power 

handling, in coaxial,flat-pack, surface mount and rack mount 
housings for 50 and 75 Ω systems.

From 2-way through 48-way designs, with 0°, 90°, or 180° 
phase configurations, Mini-Circuits’ power splitter/combiners offer a vast 

selection of features and capabilities to meet your needs from high power
and low insertion loss to ultra-tiny LTCC units and much more.

Need to find the right models fast?  Visit minicircuits.com and use Yoni2®!  
It’s our patented search engine that searches actual test data for the models

that meet your specific requirements!  You’ll find test data, S-parameters,
PCB layouts, pricing, real-time availability, and everything

you need to make a smart decision fast!  

All Mini-Circuits’ catalog models are available off the shelf for immediate
shipment, so check out our website today for delivery as soon as tomorrow!

EP2C+ 1.8 to 12.5 GHz

POWER
SPLITTERS

COMBINERS
 as low as 94¢

from2 kHz to 26.5 GHz ea. (qty. 1000 )

o S
C O M P L I A N T

RoHS Compliant 
Product availability is listed on our website. 

NEW!

THE WIDEST BANDWIDTH IN THE INDUSTRY
IN A SINGLE MODEL!

  EP2K1+  2 to 26.5 GHz
  EP2W1+ 0.5 to 9.5 GHz
  EP2C+  1.8 to 12.5 GHz

NEW!

Visit Booth 215
at EDI CON to enter!

Visit Booth 215 at EDI CON to enter!
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Tel:1(888)236-9828(US&Canada)
      1(630)930-9917(Worldwide) 

www.jqlelectronics.com     sales@jqlelectronics.com

Drop-in Isolators Cavity Filters Surface Mount Circulators

Waveguide Isolators Power Combiners Coaxial Circulators

Technology On the Move TM
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GaN-based SSPAs are available 
in 350W, 550W, and 1KW models. 
Featuring 1GHz bandwidth, these SSPAs 
deliver extended bandwidth operation 
with de-rated output beyond 1GHz, and 
can be combined to achieve higher 
output power levels.

• Superior spurious emissions 
performance for radar applications

• Integrated bias control for GaN devices

• Modular architecture for flexible design  
and scalability

• Proprietary power-combining approach  
for greater efficiency

SSPA Modules -  X-band, GaN SSPA 
modules in the 9-10GHz range span 
25W to 350W of peak power, which 
can be used as driver amplifiers for 
higher power systems or on their own 
for lower power applications. These 
modules include their own bias control 
for GaN devices, but utilize external 
power supplies and control circuitry for 
configuration flexibility.

Unsurpassed RF Performance  
for 9-10 GHz Radar Applications  
from Teleydne Microwave Solutions (TMS)
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www.sagemillimeter.com | 3043 Kashiwa Street, Torrance, CA 90505
T: 424-757-0168 | F: 424-757-0188 | sales@sagemillimeter.com

Low-Cost

VNA Extender

MANY ITEMS IN STOCK
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Linear Technology ASM Asia
SMALL PAGE TRIM SIZES : 
7.5” x 10.5” Minimum 
7.87” x 11.023” / 200mm x 280mm, 
Maximum

Agency contact: Jon Miwa
Phone: 926-642-3053
Email: jon@twistcreativepartners.com

Upgrade
Your Mixer
2GHz–14GHz, 0dBm LO Drive

  Info & Free Samples

    , LT, LTC, LTM, Linear Technology and the Linear logo are
registered trademarks of Linear Technology Corporation.
All other trademarks are the property of their respective owners.

www.linear.com/product/LTC5549

1-800-4-LINEAR

  Features

• +22.8dBm IIP3 at 12GHz

• 0dBm LO Drive

• Upconversion or Downconversion 

• −30dBm LO Leakage

• Tiny 3mm x 2mm Package

The LTC5549 microwave mixer upgrades your transmitter and receiver performance with a +22.8dBm IIP3 at 12GHz. 
Its 0dBm LO drive and an on-chip frequency doubler eliminate the need for an external LO power amplifier and allow 
use of commonly available low frequency PLL/synthesizers, reducing power consumption and solution costs — all in 
a tiny 3mm x 2mm package that keeps your solution size small.

Demo Board

25mm
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Ideal for use in Bias Tees, Coilcraft conical inductors offer  
flat bandwidth and high impedance to 40 GHz

Coilcraft BCL/BCR Series conical inductors 
operate across a frequency range of 10 MHz 
to 40 GHz, letting you replace a series  
of narrow band inductors with one part. 

Both series provide excellent return loss 
and insertion loss. Their unique conical 
shape optimizes the effects of capacitance, 
maintaining high impedance across your 
frequency spectrum.  

WWW.COILCRAFT.COM

Choose from a rugged, surface mount 
package or our flying lead configuration. 
And for applications below 6 GHz, 
try our high current 4310LC 
wideband bias choke.

Learn more and order your  
free evaluation samples 
by visiting us online at:  
coilcraft.com/conicals.

 

®
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$395from0 to 120 dB   0.25 dB Step*  1 to 8000 MHz†

 FEATURES
•  0 – 30, 60, 63, 90, 110, and 120 dB
•  USB, Ethernet & RS232 control options
•  User-friendly GUI and DLLs included
•  Sweeping and hopping capability
•  Available from stock!

 Perfect for…
•  Fading simulators
•  Handover system evaluation
•  Automated test equipment
•  And MORE!

 * Model RCDAT-3000-63W2+ specified step size 1 dB 
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Satellites Remain Key Link 
in Evolving Hybrid Network 
Chain
Thierry Guillemin
Intelsat, Luxembourg District, Luxembourg

Editor’s Note: The global demand for bandwidth, which shows no sign of 
plateauing, has service providers and internet companies scrambling to add 
capacity, whether by evolving existing network technologies (e.g., hybrid 
fi ber coax) or developing greenfi eld approaches (e.g., high altitude balloons). 
Among the mix, existing satellite players and new entrants are developing the 
next generation of satellites to blanket the globe with 10s of Gbps of capacity. 
Microwave Journal asked Intelsat, the company that launched Intelsat 1 
in 1965 and now operates the world’s largest satellite services business, to 
describe their strategy for high bandwidth satellites.

For a typical mobile network operator 
(MNO), increasing demand for connec-
tivity around the globe offers an enor-

mous opportunity. Operators are racing to de-
ploy more capable networks and expand their 
geographic reach to capture new subscribers 
and grow revenues. The challenge these opera-
tors face remains � nding a fast, cost-ef� cient 
means to evolve their networks in a � nancial 
environment that limits available resources.

A typical network today consists of cell 
sites connected to the network using micro-
wave links developed to support voice traf� c. 
Yet the demands of the end user are shifting 
away from voice, toward high volumes of data 
traf� c, as well as taking networks further from 
metro areas. Expanding via the build-out of 
conventional towers can mean � xed capital 
expenditures (capex), heavy equipment and 

limited options once the new node is in place. 
New solutions are emerging with potentially 
more attractive economics for MNOs: high 
throughput satellite (HTS) technology is en-
tering the marketplace and will quickly dispel 
those constraints and see satellites serving as 
an integral part of the hybrid wireless net-
works of the future.

HTS THE TIPPING POINT
If done correctly, HTS technology delivers 

major breakthroughs in performance, eco-
nomics and access, and this will impact mul-
tiple sectors. These new satellites will have the 
throughput, quality, � exibility, security, adapt-
ability and scalability needed to deliver broad-
band everywhere. They will be a signi� cant 
enabler in changing the way MNOs approach 
their networks.
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ning off a single hub, which will keep operational costs 
down, expand capabilities and provide quicker service 
recovery in the event of weather-related interruptions.
Intelsat has introduced the IntelsatOne Flex service, a 

global managed service designed to deliver an enterprise 
grade, wholesale Mbps service with tiered committed in-
formation rate (CIR) plans. This simpli� es the aggregation 
of HTS and traditional wide beam capacity into a single 
product and optimizes bandwidth allocations. Surges and 
geographic shifts in demand can be addressed to ensure 
the delivery of bandwidth where and when it is needed. 
IntelsatOne Flex is scalable, making it easier for customers 

For example, the Intelsat EpicNG platform will deliver 25 
to 60 Gbps per satellite, 10× the throughput of traditional 
satellites, and operate at C-, Ku- and Ka-Bands. This cost-
effective, readily available infrastructure will enable network 
operators to upgrade and expand without huge capex invest-
ments. To accomplish this, Intelsat developed a platform 
based on an open architecture and backward compatibility, 
so network operators can upgrade their infrastructures using 
existing hardware investments. Intelsat EpicNG is fully inte-
grated with Intelsat’s globalized network, which combines 
the world’s largest satellite backbone with terrestrial infra-
structure, managed services and an open, interoperable ar-
chitecture. All of these efforts help operators improve the 
performance and reach of their networks in the most costs-
ef� cient manner. By reducing the amount of capex often 
required with network upgrades, customers can focus on 
expanding into new regions and identifying new applica-
tions to drive growth.

The heart of the Intelsat EpicNG platform — one of 
many design features that provide the performance needed 
to take advantage of future opportunities — is the digital 
payload (see Figure 1). This technology allows for connec-
tivity in any bandwidth increment and from any beam to 
any beam. For customers integrating high throughput ca-
pacity into their operations, uplinks and downlinks can be 
connected regardless of location within the footprint. The 
combination of these capabilities provides the coverage 
of a large hemi-style beam with the power of high perfor-
mance Ku-Band. This eliminates the need for a network to 
have multiple hubs and allows customers to con� gure their 
network topologies to leverage existing ground hardware 
and operate using multiple spectrum bands. For example:
•  A communications provider with an established, suc-

cessful C-Band business can integrate high power  
Ku-Band spot beams from the existing C-Band hub to 
maintain promised service quality for customers in ar-
eas of high demand.

•  A wireless carrier operating a network in a heavy rain re-
gion can use a mix of C- and Ku-Band connectivity run-

 Fig. 1  Digital payload of the Intelsat EpicNG satellite.
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Ocean region. By 2020, seven Intelsat EpicNG satellites will 
be in geostationary orbit, ensuring enough capacity to serve 
regions of high demand around the globe (see Figure 4).

Each new Intelsat EpicNG satellite will introduce more 
innovations, evolving the technology with new flexibility 

to meet growing broadband requirements and stay com-
petitive over the long term.

The first Intelsat EpicNG satellite, Intelsat 29e (see Fig-
ure 2), was launched into geostationary orbit in January 
2016 and has started service over the Americas, Caribbean 
and North Atlantic route. Intelsat 33e (see Figure 3) is on 
track for launch in the third quarter of 2016 and will pro-
vide services in Africa, Asia-Pacific and Europe. The launch 
of Horizons 3e, scheduled for the second half of 2018, will 
complete the global footprint with coverage of the Pacific 

s Fig. 2 Intelsat 29e HTS prior to launch. The satellite is now pro-
viding service over the Americas, Caribbean and the North Atlantic.

s Fig. 3  Intelsat 33e, scheduled for launch in August 2016, will 
provide service over Africa, Asia-Pacific and Europe.
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tions into their networks and tap into 
the power that HTS delivers. For ex-
ample, one of the biggest hurdles to 
expanding the reach of wireless net-
works to rural and remote populations 
is the investment required to build and 
maintain base stations on the edge. 
The receiving equipment is costly to 
transport and install, the installation of 
the satellite dish often requires a spe-
cially trained technician and site power 
requirements may be dramatically out 
of sync with the local environment.

To fully optimize the performance 
of the Intelsat EpicNG � eet and sim-
plify access to the technology, Intelsat 
has made strategic investments in an-
tenna technology with two providers, 
Kymeta and Phasor, to develop anten-
nas and terminal products optimized 
for Intelsat EpicNG. Initially, both of 
these developments will result in thin, 
light and low cost Ku-Band satellite 
tracking antennas for the mobility sec-
tor. In the future, they will bene� t the 
wireless sector, speci� cally improv-
ing capabilities for rural network op-
erations. As these technologies mature 
into second- and third-generation de-
signs and production volumes rise, this 
small, electronically steerable antenna 
technology can aid MNOs that are ex-
panding operations along the network 
edge. With smaller equipment, base 
stations can be set up more quickly and 
easily and, by cutting the amount of 
power required for operations, mainte-
nance cost will be reduced — possibly 
nearly eliminated through the use of 
solar power. The smaller size also en-
ables the equipment to be relocated 
to a more opportunistic site without 
a major reinvestment of labor, if the 
base station is not meeting expected 
revenue.

Future generations of the technology 
have the potential for customers to offer 
new services and address new market 
demands, such as satellite-connected
•  Picocells: a small cellular base sta-

tion that adds network capacity in 
areas with high bandwidth require-
ments, such as stadiums and high 
traf� c suburban areas

•  Femtocells: a small, low power sta-
tion that extends services inside 
homes and small businesses.
Although Intelsat has an extensive 

� eet of geostationary satellites that cov-
ers the globe several times and reaches 
� xed and mobile users in most regions 
of the world, the company invested in 

ACCESSIBLE FOR NETWORK 
EXPANSION

While Intelsat has made tremen-
dous strides in satellite performance, 
the story is more than building high 
throughput, high performance satel-
lites. The in-orbit advancements have 
been paired with parallel efforts to 
innovate throughout the satellite eco-
system and make it easier for network 
operators to integrate satellite solu-

that will take this new generation of 
HTS towards fully software-de� ned 
satellite missions. Every characteris-
tic of spacecraft performance will be 
adaptable and can be modi� ed by sim-
ple commands sent from the ground. 
Customers will have the most power-
ful and consistent space infrastructure 
built, with the ability to adapt, modify 
and improve the infrastructure as the 
market demands.

 Fig. 4  Planned coverage of the Intelsat EpicNG � eet.
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Given the enormous demand for 
connectivity, no single technology will 
provide all the answers for network 
operators. Intelsat believes operators 
will benefit from the combination of 
the bandwidth advantages of micro-
wave and the ubiquity and reach of 
satellites. By making it simpler and 
more cost-effective to integrate sat-
ellite services, network operators can 
balance the demands of voice and data 
traffic in a cost-efficient manner. They 
can combine delivery methods to bet-
ter serve subscribers on the metro 
edge and in suburban areas, where 
traffic demand may not be sufficient 
to support the cost of full time, fixed 
bandwidth. Satellites can add capacity 
in times of high demand and to meet 
burst requirements that are driven by 
data and video traffic.

Throughout its history, the satel-
lite sector has played a valuable role in 
the delivery of entertainment, services 
and critical communications around 
the globe. Intelsat’s work in the past 
few years shows the exciting potential 
to expand the role of satellite as the 
world becomes more connected. With 
innovation in space, matched by new 
developments on the ground, the sat-
ellite sector, working closely with the 
vast array of communications tech-
nologies available today, can solve the 
challenges facing network operators 
and deliver the benefits of connectiv-
ity to a broader audience.n

flects Intelsat’s strategy to enable inno-
vation that complements and expands 
the company’s space infrastructure, 
adding polar region access for the in-
ternational routes of Intelsat’s mobility 
customers and providing higher eleva-
tion angles in urban areas. 

the OneWeb low Earth orbit (LEO) 
satellite constellation in June 2015 (see 
OneWeb Chooses LEO highlight 
above). Intelsat’s agreement with One-
Web calls for OneWeb to be interoper-
able with Intelsat’s network, including 
Intelsat EpicNG. This investment re-
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OneWeb Chooses LEO 

Commercial communications satellites have historically been placed into geostationary equatorial orbit (GEO), where they remain 
“stationary” over a given portion of the Earth — key to maintaining links with the fixed antennas on the ground. More accurately, a GEO 
satellite orbits the Earth at the same rate as the Earth rotates, which requires that the satellite orbit 26,199 miles from the Earth’s center 
or 22,236 miles above mean sea level. In addition to the advantage of being stationary, only three GEO satellites are needed to cover 
the globe, a modest investment in expensive satellites. The disadvantage of the GEO satellite is the latency or transit time from Earth 
to satellite and back: a minimum of approximately 240 ms for links at the equator. For many applications this is not a disadvantage; 
however, for voice communications and internet applications, the latency is noticeable and may limit the services that can be provided 
(e.g., achieving the proposed 5G latency targets).

Seeing an opportunity to provide global, low latency, internet access and communications, Greg Wyler founded OneWeb in 2012. 
OneWeb proposes to launch a LEO constellation of 648 “micro” satellites, weighing some 300 lb each, that will orbit at 1,200 km. The 
OneWeb network design supports a total latency of 30 ms, with each satellite having a capacity of 50 Mbps. The satellites will use the 
Ku-Band spectrum previously allocated for Skybridge, a satellite constellation proposed in the 1990s but never launched. Small and low 
cost ground terminals — some solar powered — will link to the OneWeb satellites at Ku-Band and convert the data to standard cellular 
and Wi-Fi frequencies. The ground terminal will act as a base station or access point, so users won’t need special equipment.

OneWeb’s business model is to extend the communications network of existing operators, rather than competing with them. Use cases 
include cellular and internet access for developing and rural regions, emergency communications following natural disasters and in-flight 
connectivity for airlines, business and military aviation. In June 2015, OneWeb raised $500 million from strategic investors, including 
Intelsat, and plans to launch satellites beginning in 2018, completing by the end of 2019. OneWeb’s board includes Paul Jacobs, execu-
tive chairman of Qualcomm, Richard Branson, founder of Virgin Group, and Thomas Enders, CEO of Airbus Group.
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MostValuableProduct

O f high importance among the many consid-
erations that need to be taken into account 
when designing new products in an evolv-

ing market is the intended user. Improvements in 
performance alone will not impress and signifi cant 
attention must be paid to the practical issues, includ-
ing convenience and the time consumed in set up and 
operation.

In the world of satellite communications, the 
traditional equipment supplied for facilitating off-line 
tests and providing continuous quality monitoring in 
a ground station installation is the Loop Test Transla-
tor (LTT). Input to the LTT is provided by tapping into a 
transmission path and translating the sampled signal 

back to the receive path but, with to-
day’s compact mobile systems, often 
capable of high data rates, in-system 
connectivity may not be available and 
another test method has to be found.

If a hard-wired solution is not 
viable, an alternative is to make tests 
using RF and, in this case, the very RF 
signal with which the mobile station 
communicates with the satellite is 
utilized. This is how AtlanTecRF’s newly 
introduced LSS Satellite Simulators 

operate. Figure 1 shows the front of the unit complete 
with antennas.

So, how does it work? Imagine the Ka-Band system 
buried deep within the airframe of a commercial airlin-
er, military transport or executive jet whose only visible 
presence is the antenna blister on top of the fuselage. 
The system provides internet and data services to crew 
and passengers at bandwidths normally only achiev-
able at home or in the offi ce. To test the transmission 
path, the LSS is placed on the platform of a ‘cherry 
picker’ — a standard piece of aircraft maintenance 
equipment. So, while the aircraft is in its hangar, the 
live test can be carried out.

The LSS is powered by an internal rechargeable 
battery, with 24 hour duration, thereby ensuring its 
total autonomy in the loopback test function, where 
it becomes a simulated satellite. Reception from the 
system under test (SuT) and transmission back to it 
is achieved by a pair of horn antennas. The receiving 
antenna terminates in WR42 for the SuT 30 GHz uplink 
band and the transmitting antenna terminates in WR28 
for the SuT 20 GHz downlink band. 

In each case, the transmissions between LSS and 
the SuT can take place in both left hand and right hand 
circular polarizations simultaneously, thereby further 
establishing the similarity between the test condition 
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Simulating the 
Satellite in Mobile 
Satcom Systems
AtlanTecRF
Braintree, Essex, UK

Geoff Burling, CEO, AtlanTecRF explains 

how his career and his company have taken

off since working on Concorde and highlights his approach

to design, manufacturing and market development.

Visit www.mwjournal.com to read this in-depth interview.

 Fig. 1   LSS Satellite Simulator with 
antennas on the front.
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instrument remain independent, each is 
served by a common local oscillator (LO) at 
either 9.8 GHz or 10.3 GHz, depending on 
the actual Ka-Band frequencies of the SuT.

The style of the instrument case used for 
the LSS is such that the carry handle can be 
folded back and used to point the antennas 
at the SuT on the aircraft but the individual 
horn designs are of a type where a degree 
of misalignment in both the vertical and 
horizontal planes, up to 10 degrees, can be 
tolerated without loss of performance in the 

and an actual operating situation, live on the 
satellite.

While it would be possible to control the 
instrument remotely during tests, avoidance 
of Wi-Fi or other unnecessary radiations is 
achieved using purely manual controls (see 
Figure 2) which, once initially set for the 
range involved, should not require further 
adjustment.

For each polarization there is a signal 
path attenuator which can be set and locked 
and, while the translation paths within the 

Most Valuable Product
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loop test. The size of the LSS is just  
260 mm × 150 mm × 420 mm (10.3" × 
5.9" × 16.5") making it very easy to maneu-
ver into position and align with the system 
being tested.

Frequency stability is provided by a high 
quality internal OCXO, again for autonomy, 
and LO phase noise, while not needing to 
be to transmission standards for the tests, 
is nonetheless good at -100 dBc/Hz at 10 
kHz offset.

The attenuator in each polarization path 
is continually variable over a 30 dB range 
and can be set to mimic typical atmospheric 
conditions even though the tests would nor-
mally take place in a sheltered environment 
and over a SuT to LSS distance of around 
30 m. Variants with amplification are also 
offered where the test range distance is con-
siderably greater, in which case the nominal 
-35 dB conversion gain of the LSS can be 
increased up to +30 dB with close to 1 W of 
available output power in the downlink band.

Although just one typical application 
for the satellite simulator is described here, 
namely airborne systems, the same principle 
and the same product can be employed 
for vehicular, railway and marine systems 
as well as portable flyaway and manpack 
products.

Equally, there is a Ku-Band version, for 
a similar range of applications, which will 
loop back the common uplink frequencies 
to the multiple downlink frequencies, albeit 
with larger antennas in a slightly increased 
instrument size.

Throughout the product development 
from concept through to delivered hardware, 
ease of set up and application has been 
a dominant consideration, thereby saving 
considerable elapsed test time with greater 
speed into service for the system under test. 
Where airline service is concerned, this is a 
very significant factor.

 
AtlanTecRF  
Braintree, Essex, UK  
www.atlantecrf.com

s Fig. 2  Once the manual controls on the 
back of the unit are initially set for the range 
involved, they should not require further 
adjustment.
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OCTAVE BAND LOW NOISE AMPLIFIERS   
Model No.    Freq (GHz)     Gain (dB) MIN Noise Figure    (dB)     Power -out @ P1-dB     3rd Order ICP    VSWR    
   CA01-2110    0.5-1.0     28    1.0 MAX,    0.7 TYP     +10    MIN      +20    dBm     2.0:1 
   CA12-2110    1.0-2.0     30    1.0 MAX,    0.7 TYP     +10    MIN      +20 dBm     2.0:1 
   CA24-2111    2.0-4.0  29    1.1 MAX,    0.95 TYP     +10    MIN      +20 dBm     2.0:1 
   CA48-2111    4.0-8.0  29    1.3 MAX,    1.0 TYP     +10    MIN      +20 dBm     2.0:1 
   CA812-3111    8.0-12.0     27    1.6 MAX,    1.4 TYP     +10    MIN      +20 dBm     2.0:1 
   CA1218-4111    12.0-18.0     25 1.9 MAX,    1.7 TYP     +10    MIN      +20 dBm     2.0:1
CA1826-2110 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
CA01-2111 0.4 - 0.5 28 0.6 MAX, 0.4 TYP +10    MIN  +20 dBm  2.0:1 
CA01-2113 0.8 - 1.0 28 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA12-3117 1.2 - 1.6 25 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA23-3111 2.2 - 2.4 30 0.6 MAX, 0.45 TYP +10    MIN +20 dBm  2.0:1 
CA23-3116 2.7 - 2.9 29 0.7 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA34-2110 3.7 - 4.2 28 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA56-3110 5.4 - 5.9 40 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA78-4110 7.25 - 7.75 32 1.2 MAX, 1.0 TYP +10    MIN +20 dBm  2.0:1 
CA910-3110 9.0 - 10.6 25 1.4 MAX, 1.2 TYP +10    MIN +20 dBm  2.0:1 
CA1315-3110 13.75 - 15.4 25 1.6 MAX, 1.4 TYP +10    MIN +20 dBm 2.0:1 
CA12-3114 1.35 - 1.85  30 4.0 MAX, 3.0 TYP +33    MIN +41 dBm 2.0:1
CA34-6116 3.1 - 3.5  40 4.5 MAX, 3.5 TYP +35    MIN +43 dBm 2.0:1 
CA56-5114 5.9 - 6.4 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA812-6115 8.0 - 12.0 30 4.5 MAX, 3.5 TYP +30    MIN +40 dBm 2.0:1 
CA812-6116 8.0 - 12.0 30 5.0 MAX, 4.0 TYP +33    MIN +41 dBm 2.0:1 
CA1213-7110 12.2 - 13.25 28 6.0 MAX, 5.5 TYP +33    MIN +42 dBm 2.0:1 
CA1415-7110 14.0 - 15.0 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA1722-4110 17.0 - 22.0  25 3.5 MAX, 2.8 TYP +21    MIN +31 dBm 2.0:1 
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure    (dB)    Power -out @ P1-dB 3rd Order ICP  VSWR
CA0102-3111 0.1-2.0  28 1.6 Max, 1.2 TYP +10 MIN  +20 dBm 2.0:1 
CA0106-3111 0.1-6.0  28 1.9 Max, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-3110 0.1-8.0  26 2.2 Max, 1.8 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-4112 0.1-8.0  32 3.0 MAX, 1.8 TYP +22    MIN  +32 dBm 2.0:1 
CA02-3112 0.5-2.0  36 4.5 MAX, 2.5 TYP +30    MIN  +40 dBm 2.0:1 
CA26-3110 2.0-6.0  26 2.0 MAX, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA26-4114 2.0-6.0  22 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA618-4112 6.0-18.0  25 5.0 MAX, 3.5 TYP +23    MIN  +33 dBm 2.0:1 
CA618-6114 6.0-18.0  35 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA218-4116 2.0-18.0  30 3.5 MAX, 2.8 TYP +10    MIN  +20 dBm 2.0:1 
CA218-4110 2.0-18.0  30 5.0 MAX, 3.5 TYP +20    MIN  +30 dBm  2.0:1 
CA218-4112 2.0-18.0  29 5.0 MAX, 3.5 TYP +24    MIN  +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq (GHz)  Input Dynamic Range Output Power Range Psat Power Flatness dB VSWR
CLA24-4001 2.0 - 4.0 -28 to +10 dBm +7 to +11 dBm +/- 1.5 MAX 2.0:1 
CLA26-8001 2.0 - 6.0  -50 to +20 dBm +14 to +18 dBm +/- 1.5 MAX 2.0:1 
CLA712-5001 7.0 - 12.4 -21 to +10 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1 
CLA618-1201 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. Freq (GHz) Gain (dB) MIN  Noise Figure    (dB) Power -out @ P1-dB Gain Attenuation Range VSWR
CA001-2511A 0.025-0.150 21 5.0 MAX, 3.5 TYP +12    MIN  30 dB MIN  2.0:1
CA05-3110A 0.5-5.5  23 2.5 MAX, 1.5 TYP +18    MIN 20 dB MIN  2.0:1
CA56-3110A 5.85-6.425  28 2.5 MAX, 1.5 TYP +16    MIN 22 dB MIN  1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5 TYP +12    MIN 15 dB MIN  1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6  TYP +16    MIN 20 dB MIN  1.8:1
CA1518-4110A 15.0-18.0  30  3.0 MAX, 2.0 TYP +18    MIN 20 dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure dB Power -out @ P1-dB 3rd Order ICP  VSWR
CA001-2110 0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN  +20 dBm 2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN  +23 dBm 2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN  +33 dBm 2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN  +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN  +30 dBm 2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN  +35 dBm 2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN  +25 dBm 2.0:1

CIAO Wireless can easily modify any of its standard models to meet your "exact" requirements at the Catalog Pricing.

Visit our web site at www.ciaowireless.com for our complete product offering.
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Q-53 Radar Demos Counter-UAS Capability

T he Lockheed Martin AN/TPQ-53 counterfi re radar 
recently demonstrated its ability to identify and track 
unmanned aerial systems and pass that information 

to a command and control node, a key capability as the 
battlespace rapidly becomes more crowded with emerging 
air threats.

“The demonstration showed that the Q-53 radar can 
provide soldiers in combat real time awareness of air 
threats,” said Rick Herodes, Q-53 program director, Lock-
heed Martin. “The inherent fl exibility of the Q-53’s active 
electronically scanned array (AESA) hardware architecture 
allows us to constantly evolve the Q-53’s software to deal 
with emerging threats. This demonstration provided fur-
ther verifi cation that the Q-53 enables the warfi ghter to 
stay ahead of changing global threats.”

The demonstration was part of the U.S. Army’s Maneu-
ver and Fires Integration Experiment (MFIX) at Fort Sill, 
Ok. The annual MFIX exercise brings together military, in-
dustry and academia to assess solutions to future warfi ght-
ing needs in a live environment.

In the demonstration, the Q-53 radar showed it can be 
readily adapted to provide both air surveillance and coun-
ter fi re target acquisition in one tactical sensor. The radar 
identifi ed and tracked several unmanned aerial systems 
and provided data to Forward Area Air Defense Command 
and Control. Simultaneously, the Q-53 radar performed its 
original mission by providing accurate targeting data on 
rockets, artillery and mortars, providing a multi-mission 
radar (MMR) capability.

The solid-state phased array radar system detects, clas-
sifi es, tracks and determines the location of enemy indirect 
fi re in either 360° or 90° modes.

Finessing Miniaturized Magnetics into the 
Microelectronics Mix

A newly announced DARPA program is betting that 
unprecedented on-chip integration of workhorse 
electronic components, such as transistors and ca-

pacitors, with less-familiar magnetic components with 
names like circulators and isolators, will open an expansive 

MICROWAVE JOURNAL  AUGUST 2016 37

DefenseNews
Cliff Drubin, Associate Technical Editor

Visit mwjournal.com for more defense newsFor More
Information

DDG 1000 Destroyer 
Completes Trials

K ey ship capabilities were rigorously tested in recently 
completed Builder’s and Acceptance Trials, includ-
ing the Raytheon-developed comprehensive Total 

Ship Computing Environment integrated mission system. 
All systems performed well throughout both periods at 
sea, culminating with the recommendation for ship accep-
tance by the Navy’s Board of Inspection and Survey. While 
underway on Builder’s Trial, the Raytheon team onboard 
also conducted 20 hours of hands-on training with several 
members of the pre-commissioning crew.

Building on the successes of Alpha Trials, completed 
in early December, the Total Ship Computing Environ-
ment again operated well for the duration and achieved 
the demonstration goals for acceptance. Similarly, DDG 
1000’s engineering control systems, integrated bridge, nav-
igation and electro-optic surveillance systems performed 
well throughout both trials.

With offi cial verifi cation of fully-capable Hull Machin-
ery and Electrical systems, DDG 1000 transferred to the 
Navy from the shipyard. Soon, the ship will sail to Balti-
more for its October commissioning, and then transit to its 
homeport in San Diego for the commencement of mission 
systems activation.

Raytheon provides electronic and combat systems for the 
three-ship class, contributing some of the most advanced sys-
tems in the Navy. These technologies will bene� t these ships 
and the Navy for years to come. At the core is the Total Ship 
Computing Environment. It provides all shipboard comput-
ing applications, including the combat management system; 
command, control, communications, computers and intelli-
gence elements; ship and machinery control systems; damage 
control; and support system. From networks, navigation and 
communications, to sensors, weapons and a high degree of 
automation, the DDG 1000 class features innovations from 
stem to stern that enhance operations onboard and deliver 
advanced, multi-mission capabilities.

The DDG 1000 class, the Navy’s next-generation of 
multi-mission surface combatants, is tailored for sustained 
operations in the littorals and land attack, and will provide 
independent forward presence and deterrence, support 
special operations forces, and operate as an integral part of 
joint and combined expeditionary forces.

U.S. Navy/Released

U.S. Army Photo
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pathway to more capable electromagnetic systems. The 
Magnetic, Miniaturized and Monolithically Integrated 
Components (M3IC), program will orchestrate research 
into miniaturized magnetic components with a goal of 
catalyzing chip-based innovations in radar and other radio 
frequency (RF) systems—and satisfying growing military 
and civilian demands for new ways to maneuver within the 
increasingly crowded electromagnetic spectrum. 

“Magnetic materials let us access unique physics and 
functionality that we cannot duplicate with electronic com-
ponents,” said Dev Palmer, program manager for M3IC 
(pronounced “M-Cubic”), which is slated for a five-year 
run with total funding up to $26 million. “M3IC could 
change the way we design RF circuits and systems.”

The physics and functionality Palmer refers to reside in 
the principles of electromagnetism, which govern RF sig-
nals. It is has been far easier for engineers to design, deploy, 
and miniaturize RF signal processing in electronics than 
with magnetic devices, yet some signal processing functions 
are more effectively achieved by manipulating magnetic 
fields. One reason for the slow adoption of magnetic com-
ponents has been the difficulties inherent in miniaturizing 
and integrating such components directly on chips, along-
side electronic circuitry. Among other issues, the magnetic 
fields that accompany these components can interfere with 
electronic behavior on chips in unpredictable and undesir-
able ways. This is why designers of radio, radar, and other 

RF systems typically seg-
regate the magnetic func-
tions they need off-chip, 
a limitation that results in 
bulkier, heavier and more 
power-hungry systems 
compared to the ones that 
the M3IC program are an-
ticipated to enable. 

“M3IC is about distrib-
uting the magnetic func-
tionality throughout the 
circuit instead of pushing 
it out to the edges,” said 
Palmer. “It’s about design-
ing and fabricating cir-
cuits holistically, so the designer can supercharge state-of-
the-art RF electronic circuits with magnetic functionality 
wherever it is needed, and only where it is needed, in one 
monolithic chip.” 

In particular, Palmer said, seamless co-design and inte-
gration of magnetic materials and semiconductors should 
lead to new generations of more compact microwave 
monolithically integrated circuits, or MMICs—a class of 
chips for RF technology developers that offer wider fre-
quency ranges (bandwidth), better stability, and lower 
power needs than conventional chips.

Chip-friendly 
magnetic materials 

combined with 
microelectronics could 

provide a portal to 
a new generation of 
magnetics-boosted 

circuits. 
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5G Manifesto for Deployment of 5G in 
Europe

T he 5G Manifesto for timely deployment of 5G in Eu-
rope has been produced by key players in telecoms 
and in sectors in which 5G technologies will help 

build innovative products and services. The 5G Manifesto 
outlines the main opportunities and challenges linked to 
the deployment of 5G infrastructure in Europe. 

In particular, it provides recommendations for a com-
mon vision and a calendar for deployment of investments, 
standards and the synchronised introduction of services in 
Europe. It underlines the need for spectrum and improved 
regulatory conditions in terms of local installation of cells, 
open internet rules which promote innovation, data pro-
tection and fair use.

In the 5G Manifesto, the 
telecom companies propose a 
challenging calendar for the 
introduction of 5G networks 
across Europe. They commit to 
starting large-scale demonstra-
tions by 2018 and launching 5G 
commercially in at least one city 
in each of the 28 Member States 

by 2020. This responds to a call made by European Com-
missioner Günther H. Oettinger at the 2016 Mobile World 
Congress to raise ambitions to make Europe a leader in 5G 
deployment. 

Key recommendations of the manifesto include that the 
Commission and Member States should promote the ben-
efi ts of 5G networks to meet connectivity needs of vertical 
industries and public institutions. It also states that indus-
try is committed to pan-European 5G trials in areas such as 
connective automotive; connected eHealth, transport and 
logistics, Public Safety, smart grids, smart cities, media and 
entertainment. In 2017, it will deliver a roadmap for trials 
and demonstrators to start in 2018.

Economically, industry calls on the Commission to use 
existing instruments such as EFSI and structural funds to 
create a €1 billion 5G venture fund to take equity stakes 
in European innovative start-ups aiming at developing 5G 
technologies and applications across verticals. Technologi-
cally, the manifesto calls for timely identifi cation and grant-
ing of spectrum for 5G including 700 MHz, 3.4 to 3.8 GHz 
and higher frequency bands (for 24 GHz and beyond) by 
2020.

CHROMED Telemedicine Project 

T he EU-funded CHROMED project has been re-
searching telemedicine care models for chronic dis-
eases, offering the benefi ts of early diagnosis and 

treatment alongside a reduction in the socioeconomic 
burden. The project was set up to assess the benefi ts for 
elderly patients of adopting a health and lifestyle self-mon-
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itoring system at home. These patients were suffering from 
a combination of Chronic Obstructive Pulmonary Disease 
(COPD) and comorbidities, such as Chronic Heart Failure 
and Sleep Disordered Breathing (SDB), severely compro-
mising their quality of life. 

CHROMED was conducted as an international, multi-
centric, randomised control trial (RCT) over a nine month 
period. It involved 312 patients across fi ve European coun-
tries: the United Kingdom, Sweden, Estonia, Spain and 
Slovenia. The participating care organisations of these 
countries all had pre-existing systems in place for age-relat-
ed disease management.

The project comprised 
principally of three ele-
ments. Firstly, the Home 
Patient Monitor (HPM) 
was a touch screen de-
vice which collected the data. It shared 3G connectivity 
with additional devices and by functioning as a gateway 
for these devices, patients were reminded of monitoring 
activities and care givers were able to give remote patient 
support. At the end of daily monitoring, data was sent to a 
central server and automatically analysed against clinical 
algorithms to determine any necessary courses of action. 

Overall, CHROMED demonstrated proof of concept 
for getting unsupervised lung function measurements 
outside of laboratories. The study concludes that apply-
ing CHROMED solutions across EU healthcare systems 
would result in signifi cant cost savings with an optimisation 
of resources and improved quality of life for patients. The 
study recommends clinical practices looking specifi cally at 
rolling out the system to high-risk patients with a history of 
hospitalisations.

Vodafone and Ericsson Demonstrate 5G 
Proof of Concept 

Ericsson and Vodafone have demonstrated a new 5G 
Proof of Concept. The two companies created a 5G 
Smart Network Edge prototype including a 5G ready 

core and demonstrated the benefi ts of network slicing and 
distributed cloud technology using the example of a Ma-
chine Vision application. 

 In a live demo shown during the Innovation Days at Er-
icsson’s R&D Centre in Aachen, Germany, both companies 
showed how the 5G Smart Network Edge enables much 
greater effi ciency for industry: due to reduced network la-
tencies the recognition rate of a cloud-based face detection 
application was increased; signifi cantly less video traffi c 
had to be sent over the Wide Area Network and sensitive 
data was kept locally and was therefore better protected 
against unauthorized access. 

Sonja Graf, head of Vodafone Innovation Park, Voda-
fone Germany, said, “Within only three months we created 
a 5G Smart Network Edge prototype by connecting our 
labs. The Face Recognition use case is just one example 

Visit mwjournal.com for more international news
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demonstrating how 5G will meet the diverse needs of a 
wide range of industries.”

Valter D’Avino, head of Ericsson Western and Central 
Europe, said, “We are delighted that the Ericsson and Vo-
dafone labs have come together to innovate and this first 
use case shows an excellent example of how 5G can enable 
industries to become more efficient as well as more secure 
and cost effective.”

NXP Supports China’s Intelligent 
Transportation System 

NXP Semiconductors and Tongji University announced 
their support for the launch and implementation of 
China’s first ever large-scale road test initiative for in-

telligent connected vehicles through the NXP-Tongji Uni-
versity Joint Lab. As part 
of the Shanghai Intelligent 
and Connected Vehicle 
Demonstration Program, 
the road testing initiative 
will serve as a foundation 
for China’s development 
of smart transportation 

and vehicle-to-vehicle communications standards.
NXP and its partner Cohda Wireless will provide se-

cure vehicle-to-vehicle and vehicle-to-infrastructure (V2X) 
communications technology for cars and roadside infra-
structure. Road testing will collect V2X communications 
data in real time from multiple test scenarios, including 
measures of active safety, traffic management and informa-
tion services.

The launch of road testing represents a significant mile-
stone for the Shanghai Intelligent and Connected Vehicle 
Demonstration Program. Launched in October 2015, the 
first phase involves approximately 200 vehicles from the 
Shanghai Automotive Industry Corporation (SAIC), one 
of China’s largest domestic auto manufacturers, as well as 
from other participating automakers. As additional car-
makers join the program, the aim is to have 1,000 intelli-
gent and connected vehicles by 2017, 5,000 vehicles by the 
end of 2019, and 10,000 vehicles by 2020.

“We are pleased to partner with SAIC and Tongji 
University to further advance the Shanghai Intelligent 
and Connected Vehicle Demonstration Program,” said 
Li Zheng, President of NXP Greater China. “Develop-
ing intelligent transportation systems is vital for building 
sustainable cities. As a global leader in secure connected 
vehicle solutions and autonomous driving platforms, NXP 
is truly honoured to offer the proven reliability of Road-
LINK technology and our deep automotive expertise for 
the creation of world-class intelligent transportation sys-
tems in China.”

“...the creation of 
world-class intelligent 
transportation 
systems in China...”
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New 3GPP IoT Standards to Boost 
Global Cellular IoT Shipments 

NB-IoT will consume more than 70 percent of Release 
13 shipments and more than one third of all cellular 
IoT shipments—a value which is greater than legacy 

M2M or the current Cat-1 standard.
“While some in the industry view the new 3GPP stan-

dards as competitors to the current non-3GPP LPWA 
technologies and predict their demise, we believe that NB-
IoT will complement LPWA,” says Nick Marshall, research 
director at ABI Research. “But it is true that out of the 15 
LPWA technologies we profi led, some were designed for 
use cases that are unsuitable for NB-IoT, such as where 
downlink data is not required.”

The 3GPP Release recently fi nalized three, new cel-
lular LTE-based IoT standards—Cat-M1, NB-IoT and 
EC-GSM—that offer a cellular alternative to proprietary 
unlicensed low-power wide-area network (LPWA) tech-
nologies like Ingenu, LoRa and SIGFOX. The standards 
make it easy to confi gure an LTE network through a simple 
software upgrade to the existing LTE radio interface, which 
is why ABI Research expects rapid growth and worldwide 
deployment of NB-IoT to start in 2017.

Pre-standard NB-IoT pilots and trials are already taking 
place, or are about to, with 
operators such as AT&T, 
China Mobile, China Uni-
com, Deutsche Telekom, 
Orange, Telefonica and 
Vodafone working with 
equipment from ven-
dors including Ericsson, 
Huawei, Intel, Nokia and 
Qualcomm.

“Ultimately, the choice of IoT radio link involves trade-
offs between confl icting features, which often involve 
capacity, licensed versus unlicensed operation, range, re-
liability, battery life, cost and proprietary versus standards-
based schemes,” concludes Marshall. “NB-IoT stands 
ready to unlock the full potential of IoT thanks to its high 
link budget for maximum coverage extension, low cost, and 
ability to reuse existing LTE networks with carrier grade 
reliability and security.”

GPS Industry Shifts from Traditional 
Markets, Embraces Indoor Location 
Technology

GPS personal tracking device shipments will more than 
double by 2021 with a 21 percent CAGR as the in-
dustry shifts away from traditional markets, such as 

family and pet locator devices. ABI Research predicts that 
non-traditional markets including elderly/health, corpo-
rate and personal asset tracking will embrace ubiquitous 
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indoor and outdoor loca-
tion technology.

“Traditional markets 
still attract attention, giv-
en the huge total available 
market, but they remain 
too fragmented, with no 
obvious sales and distri-
bution channels,” says 
Patrick Connolly, prin-
cipal analyst at ABI Research. “As a result, a number of 
established companies in this space are being forced to 
consider new areas to fi nd future growth.”

New healthcare applications in elderly, dementia and 
remote patient monitoring, for instance, have great po-
tential. ABI Research anticipates location-enabled health 
devices to break two million shipments by 2021. “When 
you consider the fact that average healthcare spending is 
increasing at a time when approximately 30 percent of U.S. 
hospitals are losing money, there is an immediate need for 
technology to remove the ineffi ciencies of the current mar-
ket,” continues Connolly.

Meanwhile, the lone worker market shows signifi cant 
acquisition activity, which is leading to an increase in pric-
ing pressures as companies look to buy market share. This 
is a dangerous strategy in a market that will not scale rap-
idly. 

But indoor location will open up new applications and 
services. “We see stronger device shipments in corporate, 
industrial and personal asset tracking, with a combined 
total exceeding 25 million by 2021,” concludes Connolly. 
“BLE beacons will open up these markets, but we also see 
a host of other technologies emerging, such as UWB, sen-
sor fusion, magnet fi eld, proprietary Wi-Fi and LPWAN. 
We believe this will spark demand for ‘outdoor’ technolo-
gies like GPS.”

Smart City Solutions Push for Connectivity 
Coordination

A s LTE and other wireless technologies advance 
smart city solutions, it is crucial that solutions pro-
viders liaise with city planners to take a coordinated 

approach on connectivity selection. This includes analyz-
ing the physical and cybersecurity benefi ts and limitations. 
Smart city solutions’ importance is increasing as nearly 70 
percent of the global population will live in an urban envi-
ronment by 2050.

“Solutions providers should take this time to bring down 
the cost of deployment and management, as well as analyze 
the ROI scenarios for city planners,” says Jake Saunders, 
managing director and vice president at ABI Research. 
“And city planners need to understand and embrace the 
benefi ts connectivity technologies will bring as a platform 
to these solutions.”

The benefi ts to smart city solutions are substantial. 

Visit mwjournal.com for more commercial market news

CommercialMarket
Cliff Drubin, Associate Technical Editor
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Smart meters can effi -
ciently manage and con-
trol demand as cities face 
increasing strain on re-
sources and distribution 
infrastructures due to 
rapid urbanization. They 
also cut operational costs 
by reducing the required 
number of on-site meter 
readings. Smart street 
lighting allows operators 
to dim them when appro-

priate, extending their usage and reducing operating ex-
penses. And smart bins help trash collectors optimize their 
routes and keep cities clean.

ABI Research forecasts global smart meter revenue will 
top $13 billion in 2021. The number of smart bins will in-
crease from roughly 70,000 in 2015 to almost one million 
in 2021. And while smart street lighting solutions barely 
scratched their market potential, they will grow to reach 78 
million shipments by 2021.

Wireless connectivity will capture the lion’s share of new 
smart street lighting deployments, but power line commu-
nication (PLC) solutions are unlikely to disappear in the 
foreseeable future. 

Carrier Wi-Fi Investment Shifts to LTE-U 
and LWA 

Mobile Experts LLC released a report providing de-
tailed analysis of the Carrier Wi-Fi market, predicting a 
decisive transition from ‘pure Wi-Fi’ to unlicensed services 
tied to LTE in various ways. The report provides detailed 
information about License Assisted Access (LAA), LTE 
Wi-Fi Aggregation (LWA), and LTE WLAN Radio Level 
Integration with IPSec Tunnel (LWIP), as well as LTE in 
Unlicensed bands (LTE-U).

“In the past, mobile operators have invested in sig-
nifi cant Wi-Fi networks,” explained Kyung Mun, senior 
analyst at Mobile Experts. “In the future, we expect even 
more investment in the unlicensed bands, but it will be 
redirected toward LAA, LWA and LWIP. The competition 
for unlicensed spectrum use via Wi-Fi or LTE-U is a re-
fl ection of the competitive dynamics of the different types 
of operators.”

“This research expands on our comprehensive study of 
small cells, DAS and enterprise mobile infrastructure so 
that we can provide a 360 degree view of the in-building 
wireless market. We are watching the investments growing 
in small cells with LAA and LWA capability integrated into 
the mix, as well as new investments in stand-alone unli-
censed LTE services by completely new players.”

Smart city solutions’ 
importance is 
increasing as nearly 
70 percent of the 
global population 
will live in an urban 
environment by 2050.
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MERGERS & ACQUISITIONS
Carlisle Companies Inc. announced the acquisition of 
Micro-Coax Inc., a global supplier of high-performance, 
high frequency coaxial wire and cable, and cable assemblies 
for mission-critical RF/microwave applications for defense, 
satellite, test and measurement, and other industrial cus-
tomers. With annual sales of approximately $45 million and 
235 employees, Micro-Coax has manufacturing facilities in 
Pottstown, Pa. and a joint venture operation in Blackburn, 
UK. The company has been in business for over 50 years 
and is a supplier to the world’s leading defense, aerospace 
and electronics companies. Micro-Coax designs, manufac-
tures and sells customized, high-reliability wire and cable 
for signal transmission on defense, space and satellite plat-
forms and in high-end industrial equipment.

Genstar Capital, a middle-market private equity firm 
focused on investments in targeted segments of the in-
dustrial technology, software, healthcare and financial ser-
vices industries, announced the acquisition of Infinite RF 
Holdings Inc. (IRF), a supplier of engineering grade RF 
technology components. Infinite RF offers a broad range 
of connectivity components and assemblies serving the 
aerospace and defense, industrial, government, consumer 
electronics, instrumentation, education/medical, and tele-
communications markets. Operating under the Pasternack 
and Fairview brand names, IRF serves a global engineer-
ing customer base with deep technical expertise and one of 
the broadest inventories of RF products available for im-
mediate shipment.

Samtec Inc., a provider of high bandwidth and micro-
pitch interconnect systems, announced the acquisition 
of nMode Solutions, of Oro Valley, Ariz. The acquisi-
tions of nMode Solutions and their subsidiary, Triton 
Microtechnologies will allow Samtec to invest in advanced 
technology to enable next generation systems.

COLLABORATIONS
Anritsu and Keycom have signed a collaboration agree-
ment based on which Anritsu becomes the exclusive dis-
tributor in EMEA of the Keycom Radar Test System de-
veloped for verification. In the future, it is expected that 
autonomous self-driving vehicles will require high perfor-
mance radar systems for collision avoidance, and this is an 
expanding area of technology for sensor and image fusion 
for autonomous driving. Radar technology has been added 
to mid-range and standard model vehicles in recent years, 
as it becomes an affordable technology. It was first intro-
duced into high end luxury models for adaptive cruise con-
trol, but now performs an important safety role for many 
types of vehicles.

Mitsubishi Electric US and NextGen RF Design have 
joined forces to offer RF design engineers a 7 W, UHF 
Band amplifier evaluation kit and associated reference de-
sign package (RD07 reference design kit) to help acceler-
ate design cycle times. NextGen RF Design developed and 
customized the RD07 reference design kit specifically for 
Mitsubishi Electric’s RD07MUS2B silicon RF (SiRF) tran-
sistor (RD07). This kit is a RoHS-compliant 7 W MOSFET, 
which can be used as the final output stage prior to the an-
tenna or, in higher power applications, as a high-efficiency 
driver. It serves as the transmitter backbone for a variety of 
mobile and portable communication devices.

NEW STARTS
Massachusetts Bay Technologies Inc. (MBT), an RF/
microwave semiconductor diode and passive component 
manufacturer has launched a new website. The new site, 
www.massbaytech.com, includes extensive product informa-
tion to help customers understand MBT’s complete product 
portfolio. Whether you are looking for a high-rel diode, stan-
dard diode(s),or custom chip capacitors, the new website 
provides a detailed overview of MBT’s capabilities. 

International Manufacturing Services (IMS) is inviting 
users to explore their newly redesigned website launched 
earlier this year. The new website provides a supreme us-
er-friendly experience with simple navigation allowing cus-
tomers to access detailed product information. The new 
website has a clean uncluttered design, improved function-
ality and content that focuses on the company’s mission to 
provide the electronics manufacturing industries with the 
highest quality devices and components. Visitors can stay 
informed with the latest news, request a quote or sample 

For up-to-date news briefs, visit mwjournal.comFor More
Information
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IN MEMORIAM
Costas D. Varmazis, of Chelmsford, 
Mass., died on June 2, 2016. 
Highlights of his career include be-
ing a founding faculty member and 
tenured Professor of Physics at 
the University of Crete in Iraklion, 
Greece; and a more than 25-year ca-
reer in semiconductor engineering 
at MACOM and Tyco Electronics, 
in Lowell, Mass., where he was se-
nior principal engineer and distin-
guished fellow of technology. He was 
awarded numerous patents, and in 2007 was a recipi-
ent of the Tyco Electronics Impact Innovation Award 
and Lifetime Achievement Award. He is survived by 
his wife, Catherine (Katina) Galatsianos Varmazis; son, 
Dimitri; daughter, Maria and son-in-law, Eric Bergeron; 
and his siblings, Nikos Varmazis, Ioannis Varmazis, 
Maria Karabidi, Eleni Varmazi and Agathi Modiati, all 
of Greece.

ss Costas D. Varmazis

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=48&exitLink=http%3A%2F%2Fwww.massbaytech.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=48&exitLink=http%3A%2F%2Fmwjournal.com


MWJ/SYNERGY/SAW/0816

See us at EDI CON Booth 306

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=49&exitLink=http%3A%2F%2Fwww.synergymwave.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=49&exitLink=mailto%3Asales%40synergymwave.com


50 	 	 MICROWAVE JOURNAL  AUGUST 2016

Around the Circuit
directly from the homepage and navigate to their specific 
region to find the proper contact through the sales reps 
tab. Visit the new website at www.ims-resistors.com.

ACHIEVEMENTS
ASELSAN, with its 40 years of expertise in defense elec-
tronics, has been designing and developing the 94 GHz, 
phased array and scalable SiGe integrated circuits for use 
as transmitter (TX) and receiver (RX) modules for poten-
tial civil radar systems. RX ICs will be ready as of mid-2016 
and TX ICs are also coming soon. These integrated circuits 
will allow ASELSAN to develop cost effective and high per-
formance civil radar applications, such as border security, 
airport foreign object debris detection, collision avoidance, 
autonomous landing, meteorology, etc. This will enable 
ASELSAN to expand its defense oriented product range to 
cover a broader spectrum including civilian applications.

ZTE Corp. announced that they have completed verifi-
cation and performance tests for the 5G high-frequency 
communication and massive MIMO technologies in 
Shanghai and Shenzhen respectively. The tests were orga-
nized by the Chinese IMT-2020 (5G) Promotion Group, 
and fully implemented in both Line-Of-Sight (LOS) and 
Non-Line-Of-Sight (NLOS) scenarios. ZTE is now one of 
IMT-2020 (5G) Promotion’s first suppliers that has com-
pleted the high-frequency communication and uplink mas-
sive MIMO tests.

Advantech Wireless has been recognized as winner of two 
awards, one for innovation and the second for International 
Market Development, both in the large companies catego-
ries at the Mercuriades Awards during the 36th edition of 
the business competition organized by the Federation of 
Chambers of Commerce of Québec (FCCQ). The winners 
of Les Mercuriades 2016 were announced on May 16th at 
the Grand Gala evening held at the Palais des Congrès de 
Montréal. This is Advantech Wireless’ third time winning 
the Les Mercuriades prize for Innovation in R&D.

Akoustis Technologies, a manufacturer of innovative 
BulkONE bulk acoustic wave (BAW) high band RF fil-
ters for mobile wireless, has been awarded multiple foun-
dational patents related to its single crystal piezoelectric 
materials, novel BAW resonators, wide bandwidth RF 
filters and their application in mobile devices. The U.S. 
Patent and Trademark Office (USPTO) has issued U.S. 
Patent No. 9,362,887. Further, the China Patent Office 
(SIPO) has issued China Patent Nos. ZL 201520549840.3, 
ZL 201520566852.7 and ZL 201520652061.6.

CONTRACTS
Jacobs Engineering Group Inc. announced it received a 
contract to provide the U.S. Naval Air Warfare Center 
Weapons Division (NAWCWD) with test and evaluation/
training threat/target systems (T4S) for warfighter training 
and debriefing systems. Under the terms of the contract, 
Jacobs is expected to assist NAWCWD in its efforts to re-
search, develop, deliver, sustain and upgrade its threat sys-
tems; range instrumentation equipment; range command 
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Around the Circuit
and control equipment; data routing, storage and display 
equipment, as well as to provide software for pre-deploy-
ment aircrew war� ghter training and weapons systems test 
and evaluation. The contract is valued at $427 million over 
� ve years.

The U.S. Marine Corps Logistics Command has award-
ed Raytheon Co. up to $249 million with options over � ve 
years for work on the Secondary Reparable, or SECREP 
program, rebuilding vehicle parts such as engines, trans-
missions and electronics. The Marine Corps takes delivery 
of the items at approximately half the price of buying new. 
The savings can be reinvested into Marine Corps logistics, 
helping to ensure the readiness of Raytheon has helped the 
Marine Corps realize millions in cost underruns through 
sustainment programs, which were made available for 
reinvestment. Raytheon’s 98 percent on-time delivery of 
these mission critical components has resulted in signi� -
cant cost ef� ciencies.

CACI International Inc. announced it has been awarded 
a $40 million single-award, inde� nite delivery/inde� nite 
quantity contract (IDIQ) from the Defense Logistics 
Agency (DLA) to provide development and sustainment 
support for the Department of Defense (DoD) Wide Area 
Work� ow (WAWF) and Electronic Document Access 
(EDA) systems. This three-year contract continues CACI’s 
business in its business systems market area. Designed to 
eliminate paper from the receipt/acceptance and invoice/
payments process of the contracting lifecycle, the CACI-
supported WAWF has saved DoD approximately $250 mil-
lion a year in invoice processing.

Cobham recently received a series of orders from a leading 
defense � rm for RF microelectronics and antenna assem-
blies that support an airborne electronic warfare (EW) pro-
gram valued at approximately $18 million. The work will be 
performed by the Lansdale, Pa., San Jose and San Diego, 
Calif. locations of the Cobham Advanced Electronics 
Solutions sector. Cobham Advanced Electronic Solutions 
provides Electronic Attack (EA), Electronic Protection 
(EP), and Electronic Warfare Support (EP) capabilities 
speci� cally designed and built for air, land and maritime 
operations. EW related products include microelectronic 
components, integrated assemblies modules and subsys-
tems, antenna and jammer solutions, as well as positioner 
and gimbal solutions.

Teledyne Defence, a business unit of Teledyne Microwave 
Solutions, announced that it has been chosen by OneWeb 
Satellite for the supply contract to produce hundreds of 
space-quali� ed ‘� exible channelisers’ for its global satellite 
constellation deployment. Two � exible channelisers, also 
known as ‘converters’, will be required for each of the 900 
small satellites that will be produced in the next few years 
by OneWeb. The low Earth orbit satellites require � exible 
channelisers that can support constantly changing frequen-
cies to successfully deliver OneWeb’s broadband internet 
access services. An additional contract option will follow this 
development stage for the production of the remaining � ex-
ible channelisers needed for all 900 OneWeb satellites.
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0
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PEOPLE
Qorvo®, a provider of innovative RF 
solutions that connect the world, an-
nounced the appointment of Mark J. 
Murphy, 48, as chief � nancial of� cer, 
effective June 6, 2016. Murphy will re-
port to Bob Bruggeworth, president and 
chief executive of� cer of Qorvo, and will 
succeed Steven J. Buhaly, who previ-
ously announced his intention to   Mark J. Murphy
retire from the company in 2016.  

Buhaly will remain in an advisory capacity until July 31, 
2016 and will work closely with Murphy to ensure a seam-
less transition.

Andy Crawford has been promoted to 
the newly created position of head of 
After Sales and Support Worldwide at 
TMD Technologies Ltd. In his new 
role Crawford reports directly to TMD’s 
new Sales and Business Development 
director, Jane McAlister, and will be fo-
cusing on all aspects of further improv-  Andy Crawford
ing and enhancing TMD’s post order 

customer service. Crawford has gained a wealth of experi-
ence in his 12 years at TMD, in a variety of senior roles – 
starting as ATC product specialist and latterly as territory 
manager for all TMD’s products in North America, Canada 
and the Middle East.

Analog Devices Fellow Bob Adams was 
awarded the 2016 Industrial Pioneer 
Award from the IEEE (Institute of 
Electrical and Electronics Engineers) 
Circuits and Systems Society for his 
groundbreaking work on commercial 
delta-sigma converters. He is one of 
only 16 people to receive this presti-
gious honor. Adams is an Analog Devices   Bob Adams
Fellow, which is a distinguished techni-

cal position awarded to engineers who contribute signi� -
cantly to the company’s business success through excep-
tional innovation, leadership, entrepreneurship and an 
unparalleled ability to bridge organizations and mentor 
other Analog Devices employees.

PLACES
Anritsu Corp., a provider of innovative test and measure-
ment solutions for wireless, optical, RF/microwave and 
digital instruments, announced that it has opened a new 
of� ce in Ireland. The of� ce is located in Dublin, a loca-
tion chosen to best serve key customers in the region. The 
Irish of� ce will be headed by Steve Wilding, sales director 
Western Region, who brings 20 years of experience in test 
and measurement. He will be coordinating the regional 
sales and business development efforts for the Irish mar-
ketplace. The account team for Ireland includes Sophie 
Barc, Fiona Booker and Raffaella Ricci.
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Compact SAW-less 
Transmitter for 3G, 4G  
and Beyond
Pedro Emiliano Paro Filho1,2, Mark Ingels1, Piet Wambacq1,2, Jan Craninckx1

Imec1, Leuven, Belgium; Vrije Universiteit Brussel2, Ixelles, Belgium

The point where wireless communication 
and ubiquitous connectivity became an 
essential part of our lives has already 

passed. Generation after generation, commu-
nication speed is being taken to unprecedented 
levels, requiring both state-of-the-art hardware 
and software to handle a huge volume of data, 
delivered to an increasing number of users 
in an overcrowded spectrum. As tough as it 
sounds, to our delight the challenges are always 
plentiful.

With respect to the radio front-end, pro-
viding extremely low noise emission with im-
proved signal integrity are key requirements 
to supporting high-order modulation schemes 
(e.g., 64 QAM) in situations where anyone’s 
transmitter can be interfering with a neigh-
boring user or its own receiver in frequency-
division full duplex. On the transmit side, lin-
earity requirements are commonly translated 
into ACLR and EVM parameters, whereas 
out-of-band noise is typically defined by the 
maximum power spectral density allowed in 
the receive band. Increasing power consump-
tion or area are not options. On the contrary, 
for an improved user experience, the battery 
should last longer, and the price per compo-
nent should always go down so that more and 
more features can be added to the mobile de-
vice. Thus, making a better performing radio 
front-end that consumes even less power and 
is smaller is a hot research topic, especially the 
transmitter and power amplifier (PA) designs 
— considered by many the “battery killers” on 
most mobile devices.

ANALOG VS. DIGITAL-INTENSIVE
A quick analysis of literature shows that the 

state-of-the-art for transmitter implementa-

tions is divided into analog and digital-intensive 
architectures. In terms of out-of-band noise, 
analog intensive architectures are undoubt-
edly the best performing implementations.1–5 

However, their improved noise performance 
is typically achieved through extensive lowpass 
filtering along the entire signal path, which has 
a significant impact in area consumption. To 
filter out quantization noise and the sampling 
aliases from the digital-to-analog conversion, 
bulky reconstruction filters (which can use up 
to 1.37 mm2) are commonly used.3 The imple-
mentation of such analog blocks is becoming 
more and more difficult using digital-driven, 
highly-scaled CMOS technologies. The re-
duced supply voltage, limited transistor gain 
and increased leakage are a few of the issues 
aggravated with every new technology node.

Digital-intensive implementations, on the 
other hand, are by far the most portable, area 
efficient and scaling friendly.6–9 However, 
the lack of filtering for both noise and aliases 
makes it very challenging to meet the stringent 
out-of-band noise requirements with a SAW-
less design. The direct digital-to-RF conver-
sion leaves no analog path for a reconstruction 
filter to be introduced, so both quantization 
noise and sampling aliases are up-converted 
to RF frequencies without any attenuation. In 
these architectures, the quantization noise is 
addressed by either increasing the number of 
bits in the digital-to-analog converter (DAC), 
Σ∆ modulation or filters notching at specific 
parts of the spectrum (e.g., the receive band 
in frequency division duplex (FDD) systems). 
The aliases, in turn, are often attenuated by 
the sinc transfer function, using large sampling 
frequencies. Nevertheless, depending on the 
overhead circuitry and speed, some of these 
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ferred to the RF output, so that every 
node follows its expected voltage ex-
cursion. The total amount of charge 
given by the sum of QBB and QRF 
(QTOTAL=QBB+ QRF) is then deliv-
ered from the supply to the baseband 
capacitors (and vice versa) by the so-
called charge-based DACs (QDAC).

Two implementations of the incre-
mental charge-based transmitter have 
been demonstrated since last year.10–11 
They differ on how the QDAC is 
implemented and the RF load be-
ing driven. In the first, the RF load is 
the input capacitance of a PPA stage, 
and the QDAC is implemented with a 

required, the only 
charge taken from 
the supply corre-
sponds to the incre-
ment — hence, the 
minimum charge 
needed to provide 
the desired voltage 
swings. The same 
reasoning applies 
even when the RF 
load is not capaci-
tive.11

The operation 
of this architecture 
is based on two 
charge components, 
baseband (QBB) 
and RF (QRF). The 
baseband compo-
nent represents the 
amount of charge 
required to drive a 
baseband capacitance CBB, moving 
the baseband voltage up and down 
as defined by the digital input signal. 
The RF charge, on the other hand, 
is the amount subtracted from CBB 
to drive the RF load every time the 
mixer switch is closed. As expected, 
the exact QRF depends on the nature 
of the RF load, whether resistive or 
capacitive (see Figure 1).10–11 When-
ever a new baseband data sample ar-
rives, a charge calculation block in the 
baseband processor determines how 
much extra charge should be accu-
mulated on each one of the baseband 
capacitors and subsequently trans-

solutions conflict with the intended 
reduction in power consumption and 
area.

INCREMENTAL CHARGE-BASED 
OPERATION

A novel, digital-intensive transmit-
ter architecture that can relax this 
trade-off was first presented at ISSCC 
2015.10 Through the combination of 
charge-domain operation with incre-
mental signaling, this architecture 
gives the best of both worlds, provid-
ing the reduced area and high porta-
bility of digital-intensive architectures 
and the improved out-of-band noise 
performance from intrinsic noise fil-
tering capabilities.

The simple observation of a con-
ventional transmitter implementation 
leads to the conclusion that the modu-
lator is always driving a capacitive load, 
either an active mixer input transis-
tor or the pre-power amplifier (PPA) 
input capacitance driven through a 
passive mixer. In either case, provid-
ing the required speed and linearity 
demands low output impedance cir-
cuitry that typically increases power 
consumption significantly, especially 
when the signal swing is increased 
to improve the signal-to-noise ratio 
(SNR). Driving capacitance can be 
much more efficient if operated in-
crementally, in the charge domain. 
When all capacitances across the sig-
nal path are known, changing their 
voltages can be done by simply adding 
or subtracting charge. If no biasing is 

s Fig. 1  Conventional Tx architecture (a) with capacitive10 (b) and resistive11 (c) charge-based realizations.
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power consumption is highly impacted by the PPA bias 
current, a direct launch implementation was evaluated, 
where the PA is driven directly from the QDAC. In this 
case, the benefits include removing a power-hungry block 
from the signal path (i.e., the PPA) and increasing the ef-
fectiveness of pre-distortion by directly controlling the PA 
input — represented by a 50 Ω load in this implementa-
tion. In the direct launch case, the QDAC was implement-
ed using a 12-bit conductance array, which proved to be 
the most area-efficient way of increasing the charge capac-

controllable capacitance that is first pre-charged and then 
connected to CBB. Fractions of the total charge (QTOTAL) 
required per sampling period are conveyed at LO speed in 
discrete packets, sized by adjusting the DAC capacitance 
accordingly. In the second implementation, the ability of 
the charge-based architecture to deliver more power was 
investigated. Based on the observation that the first IC’s 
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s Fig. 4  Output spectrum showing both noise and alias reduction 
provided by the charge-based architecture.
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In transmitter architectures apply-
ing conventional DACs, the transmit 
signal is reconstructed from digital 
to analog at the baseband sampling 
rate. The resulting aliases are hence 
shaped by a sin(x)/x or sinc transfer 
function, inherent with zero-order 
hold systems. On the other hand, with 
the two charge-based architectures, 
without oversampling the digital in-
put signal or increasing the interface 
speed of the QDAC, the continuous 
charge and discharge of CBB provides 
an inherent quasi-linear interpolation 
between the consecutive baseband 
samples (see Figure 2). The output 
spectrum in this case is shaped by a 
sinc2 transfer function that signifi-
cantly attenuates the sampling aliases. 
For example, more than 20 dB of alias 
attenuation is inherently provided 
when a 20 MHz bandwidth signal is 
sampled at 500 MSPS.

The intrinsic noise filtering capa-
bility of the architecture is another 
key enabler to improving the out-of-
band noise performance. Clearly seen 
with the resistive QDAC implementa-
tion, the combination of the baseband 
capacitor CBB and the resistive QDAC 
array yields an inherent single-order 
lowpass filter in the signal path. How-
ever, since the resistive component 
is constantly changing over time, in 
order to adjust the amount of charge 
transferred to CBB, the cutoff fre-
quency is not fixed. The equivalent RC 
time constant, which defines the filter 
cutoff frequency, is signal dependent, 
and automatically adjusted to provide 
the required instantaneous swing at 
the baseband node. As a result, the 
wanted signal is properly built at the 
baseband node without any attenua-
tion. On the other hand, uncorrelated 
signals — not part of the digital input 
and which do not affect the charge 
calculations — do not have the same 
“on demand” bandwidth adjustment. 
Because of the architecture, they are 
filtered, with an equivalent cutoff fre-
quency numerically approximated by 
the average QDAC conductance over 
time (see Figure 3a):12

f (NOISE)
RMS 1 / R

2 C
(1)3dB

DAC

BB

( )
=

π−

This noise cutoff frequency, which 
applies to any noise contributor cou-
pled to the baseband (including quan-
tization), is a major advantage of the 

IMPROVED NOISE 
PERFORMANCE

Recapitulating, an important draw-
back of the RF DAC’s output spectrum 
is that baseband noise sources and 
spurs (including thermal noise, quan-
tization noise and sampling aliases) 
are up-converted to RF without any 
filtering. However, the charge-based 
architecture can provide sensitive im-
provements in noise performance. 

ity of the QDAC. Instead of delivering 
packets of charge at the LO rate, as in 
the first implementation, the required 
total charge is transferred to the base-
band node by charging and discharg-
ing CBB in continuous time. Since 
the DAC switches are operated at 
baseband speed (and not LO), further 
improvements in power consumption 
can also be achieved compared to the 
first implementation.
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Frequency
Range

I.L.(dB)
min.

Coupling
Flatness max.

Directivity
(dB) min.

VSWR
max.

Model
Number

0.5-2.0   GHz 0.35 ± 0.75 dB 23 1.20:1 CS*-02
1.0-4.0   GHz 0.35 ± 0.75 dB 23 1.20:1 CS*-04
0.5-6.0   GHz 1.00 ± 0.80 dB 15 1.50:1 CS10-24
2.0-8.0   GHz 0.35 ± 0.40 dB 20 1.25:1 CS*-09
0.5-12.0 GHz 1.00 ± 0.80 dB 15 1.50:1 CS*-19

1.0-18.0 GHz 0.90 ± 0.50 dB 15      12 1.50:1 CS*-18
2.0-18.0 GHz 0.80 ± 0.50 dB 15      12 1.50:1 CS*-15
4.0-18.0 GHz 0.60 ± 0.50 dB 15      12 1.40:1 CS*-16
8.0-20.0 GHz 1.00 ± 0.80 dB 12 1.50:1 CS*-21
6.0-26.5 GHz 0.70 ± 0.80 dB 13 1.55:1 CS20-50
1.0-40.0 GHz 1.60 ± 1.50 dB 10 1.80:1 CS20-53
2.0-40.0 GHz 1.60 ± 1.00 dB 10 1.80:1 CS20-52
6.0-40.0 GHz 1.20 ± 1.00 dB 10 1.70:1 CS10-51
6.0-50.0 GHz 1.60 ± 1.00 dB 10 2.00:1 CS20-54
6.0-60.0 GHz 1.80 ± 1.00 dB 07 2.50:1 CS20-55

10 to 500 watts power handling depending on coupling and model number.
SMA and Type N connectors available to 18 GHz.
* Coupling Value: 3, 6, 8, 10, 13, 16, 20 dB.
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system is being increased or de-
creased, respectively.

The ∆VMIN at the QDAC output 
is fundamentally determined by the 
ratio between Cunit and CBB and, as a 
result, the quantization noise on this 
charge-based transmitter can be de-
creased by simply choosing a small 
enough unit capacitance with respect 
to CBB, another remarkable feature 
of the proposed architecture. With a 
fixed 45 pF baseband capacitor, for 
example, a quantization noise SNR of 
86 dB can be achieved with a 2 fF unit 
capacitance — roughly a 14-bit effec-
tive number of bits (ENOB). Both 
noise filtering and alias attenuation 
are obvious in Figure 4, which shows 
the simulated output spectrum of a 20 
MHz baseband signal transmitted at 2 
GHz.

MEASURED RESULTS
Both charge-based transmitter 

implementations were prototyped us-
ing 28 nm, 0.9 V CMOS technology 
(see Figure 5). The first charge-based 
transmitter consisted of a capacitive 
QDAC driving the PPA input through 
a 45 pF baseband capacitance. With a 
10-bit DAC running at 128 MSPS, it 
demonstrates all the noise filtering ca-

cant bit (LSB), which is the full output 
scale divided by the total number of 
steps enabled by the number of bits. 
In a charge-based DAC, however, the 
minimum voltage step that can be re-
solved at the output is given by (see 
Figure 3b):

V
C

C C
V V (2)MIN

unit

unit BB
REF BB( )Δ =

+
−

where VREF can be either VDD or 
ground (0 V), if the net charge in the 

incremental charge-based transmitter.
In addition to noise filtering, quan-

tization noise is inherently improved 
by the charge-based architecture. In-
troduced whenever an infinite reso-
lution analog signal is represented 
by its discretized digital counterpart, 
quantization noise for a given DAC 
is bounded by the minimum voltage 
or current step that can be created at 
its output. In a conventional architec-
ture, it corresponds to the least signifi-

s Fig. 5  Capacitive (a) and resistive (b) 
charge-based Tx prototypes.  With the 
resistive prototype, an out-of-band noise 
spectral density of –159 dBc/Hz was achieved 
at 45 MHz offset, using an area of only  
0.22 mm².
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For smart meters, in-home appliances, smart thermostats and connected home applications
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Upgrade your DRO designs with a high performing and low cost YIG 
Oscillator based on the new YOMIC. The worlds first YIG Oscillator using 
a Monolithic Integrated  Circuit made possible by the Differential 
Oscillator design. 

IMS2016 
BOOTH: 
2442 

DIFFERENTIAL OSCILLATOR  MONOLITHIC  INTEGRATED CIRCUIT 

707-541-7000 
INFO@VIDAPRODUCTS.COM 
WWW.VIDAPRODUCTS.COM 

Features: 
SURFACE MOUNT 
FOUNDRY PRODUCED  
PHASE LOCKED 
REPLACES MANY DRO’S 
SPI DIGITAL INTERFACE 
ANALOG INTERFACE 
EXTERNAL CLOCK  
OUTPUT SMP CONNECTOR  

VIDA Products 
6167 State Farm Drive 
Rohnert Park, CA 94928 

PATENT NO.: 
 US 8,350,629 B2 

Typical Specifications: 
TUNES 500 MHz 
CENTER FREQUENCY: 9 TO 14 GHz 
STD PWR OUT:  8 TO 12 dBm 
P/N: <-140 dBc/Hz @ 1 MHz 
          <-130 dBc/Hz @ 10 kHz 
 REF/ SINE WAVE: 100 MHz @ 10 dBm 
 BIAS @ 7 VOLTS @200ma 
IMPEDANCE: 50 OHMS 
 

 Fig. 6  Measured output spectrum of resistive charge-based Tx, with 10 MHz single tone 
sampled at 500 MSPS.
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ratio (a) and relative alias power (b) vs. 
baseband frequency, with a 2.4 GHz LO.
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pabilities of charge-based operation, 
notably a noise � oor 15 dB lower than 
a transmitter using a conventional 
DAC with the same number of bits 
and operating at the same sampling 
frequency. At 45 MHz offset from a 1 
GHz modulated carrier, it provides an 
out-of-band noise spectral density of 
-155 dBc/Hz and ACLR 1 and 2 of -42 
dB and -47 dB, respectively.

The same improved noise perfor-
mance was achieved in the second 
implementation, where the PPA was 
removed from the signal path. In this 
case, the charge-based architecture 

demonstrated the ability to deliver 
considerable power by directly driv-
ing a 50 Ω load that represents the 
PA input. Two different external bal-
uns were used to validate transmitter 
performance at both 900 MHz and 
2.4 GHz. Achieving a peak power of 
3.5 dBm with a 0.9 V supply, mea-
surements with baseband frequen-
cies ranging from 1 to 20 MHz show a 
maximum LO feedthrough and image 
of -55 dBc and -44 dBc, respectively. 
The charge-based architecture spec-
trum is clean (see Figure 6), especially 
the alias. At 7 dB backoff, C-IM3 at 

Home of 
YIG MMIC
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mmW Solutions.  Enabling a new world

www.anokiwave.com

mmW
Front End ICs

AESA
ASICs

mmW Si
Core ICs

See us at booth #208
EDI - CON USA 2016

Product FamilyMarket Part
Number Description

X-Band Silicon
AESA Core ICs

RADAR and
Communications AESA

AWS-0101
AWS-0103
AWS-0104
AWS-0105

Dual Beam Low NF Quad Core IC
Dual Beam High IIP3 Quad Core IC
Single Beam Low NF Quad Core IC

Single Beam High IIP3 Quad Core IC

K and Ka-Band Silicon
AESA Core ICs

Satellite Communications
AESA

AWS-0102
AWMF-0109
AWMF-0112
AWMF-0113

4-element Rx Quad Core IC (K-Band)
4-element Tx Quad Core IC (Ka-Band)
8-element Rx Octal Core IC (K-Band)
8-element Tx Octal Core IC (Ka-Band)

Ka-Band Silicon 
AESA Core ICs

5G Communications
Antenna Arrays

AWMF-0108 Quad Core Transceiver IC

A uniquely positioned product portfolio for 5G, RADAR, and SATCOM markets
Commercial AESA core ICs covering X to Ka-band

Custom AESA and mmW Si core ICs covering L to W-band
Expert systems level understanding and optimal technology selection

Introducing the world’s most advanced 
mmW AESA Core ICs for 5G, RADAR, and SATCOM
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DC TO 300 GHZ…

12 Lancaster County Road, Harvard, MA 01451
Tel: 978-772-7774, Fax: 978-772-7775

www.rec-usa.com, www.hxi.com
sales@rec-usa.com, sales@hxi.com 

www.rec-usa.com

New Thinking in Wireless and Radar Technology
www.hxi.com

Millimeter Wave
Products

WHEN IT HAS TO WORK THE FIRST TIME...

- Isolators, Circulators
- Low Noise Ampli�ers
- Power Ampli�ers
- Mixers and Detectors
- Frequency Multipliers
- Dividers, Combiners
- Attenuators, Terminations

- Filters, Duplexers
- Switches, Switch Matrices
- Radar Front Ends
- Custom Radio Links
- Test Equipment Solutions for
 WiGig and Automotive Radar

MADE IN THE USA
A S9100:2009

ISO 9001:2008 CERTIFIED

at both LO frequencies (see Figure 8). 
What is unique is that even in backoff 
conditions, the noise performance is 
not degraded signi� cantly, thanks to 
the intrinsic noise � ltering capabilities 
of the charge-based architecture.

With the achieved out-of-band 
noise performance and a core area of 
only 0.22 mm2, the charge-based ar-
chitecture achieves — to the author’s 
knowledge — the best out-of-band 
noise performance vs. area compared 
to other designs. ACLR and EVM per-
formance are also among the best. ■
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any baseband frequency is always be-
low -50 dBc at both 900 MHz and 2.4 
GHz. As with the previous implemen-
tation, the sampling aliases are shaped 
by a sinc2 transfer function, which cor-
responds to at least 20 dB of additional 
attenuation compared to a convention-
al architecture (see Figure 7). ACLR 
1 and 2 for a 20 MHz signal are -47 
dB and -59 dB, respectively, and the 
measured EVM is 1.6 percent. At 45 
MHz offset, a modulated noise power 
density of -159 dBc/Hz was measured 

 Fig. 8  Noise spectral density of a 
2.4 GHz modulated carrier (10 MHz 
single tone sampled at 500 MSPS, with the 
baseband harmonics removed for clarity).

–100
–110
–120
–130
–140
–150
–160
–170
–180

100M10M1M100k10k1k

P
ha

se
 N

oi
se

 (
dB

c/
H

z)

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=68&exitLink=http%3A%2F%2Fwww.rec-usa.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=68&exitLink=http%3A%2F%2Fwww.hxi.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=68&exitLink=http%3A%2F%2Fwww.rec-usa.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=68&exitLink=http%3A%2F%2Fwww.hxi.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=68&exitLink=mailto%3Asales%40rec-usa.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=68&exitLink=mailto%3Asales%40hxi.com


MWJ/WINSEMI/PD25/0513

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=69&exitLink=http%3A%2F%2Fwww.winfoundry.com


Smart Antennas for 5G
David Freeborough
Cambridge Consultants, Cambridge, U.K.

Smart antenna technology is a strong candidate for fifth generation (5G) wireless 
communications standards, but validation of system performance may prove to 
be an impossible task. This article will use a multi-disciplinary approach to look 
at the challenges of implementing a smart antenna system, in order to form an 
assessment of the key technical risks for developers.

Smart antennas are essentially arrays of 
transceivers that form radio signals into 
narrow beams. The trade-off is to use 

complex signal processing and extended physi-
cal size to improve focus. The main benefit of 
a smart antenna is that the focused beam can 
be used to reduce interference and amplify the 
wanted signal. In dense urban deployments, 
there is likely to be no direct line-of-sight path 
for radio communications. Multipath reflec-
tions cause complex, rapidly changing scatter-
ing patterns that a smart antenna can resolve 
constructively to form a spot of good coverage 
around a user. 

When used on a High Altitude Platform 
(HAP), such as a satellite or aircraft, the radio 
signal follows a clear line-of-sight and so the ob-
jective is to form smart antenna beams that are 
highly directional in order to improve the link 
margin and reduce interference from the many 
other users that occupy the same extended cell. 

Both small cell and HAP deployments rely 
on the fundamental physics of an antenna ar-
ray and beam forming to improve system per-
formance. So far, so good, but there are some 
challenges. To make it easier to follow the 
analysis, this article groups these items into the 
broad categories of radio, antenna and physi-
cal layers, finishing with a look at system issues. 
However, as you will see, smart antenna sys-
tems defy the conventional approach of break-
ing down an engineering design into single-
disciplinary layers of functionality.

BASICS OF THE APPROACH
Future generations of cellular networks will 

make greater use of beamforming in their RF 
front-ends, regardless of the frequencies at 

which they operate. LTE Release 9 includes a 
provision for MIMO beam forming and future 
releases allow for increasingly advanced tech-
niques to improve link budgets, especially at cell 
edges. Normally, LTE systems are uplink lim-
ited due to interference and propagation losses. 
One of the major advantages in using beam 
forming is that it increases rejection of noise 
and interference coming from other directions 
and maximizes gain in the direction of the user 
equipment (UE). UE uplink margin is limited 
by RF power available at the transmitter; how-
ever, the receiver compensates with downlink 
antenna gain. The result is greater coverage that 
is less constrained by interference and uplink 
range. Network operators are also able to run 
their base stations with higher downlink EIRP, 
providing greater SNR at the UE receiver and 
enabling the link to operate at a higher data rate. 
The benefit of reducing gain imbalances is an 
increase in overall cell capacity. 

Beam forming at the antenna for cellular 
frequencies below 6 GHz can be achieved 
with antenna arrays. For signals with a band-
width that is a small fraction of the operating 
frequency, beam squint is normally obtained 
by feeding each element of the array with a 
phased shifted analog copy of the original sig-
nal, as shown in Figure 1.

If new generations of networks are designed 
for operation in the 28 GHz region, as seems 
likely, propagation losses and building attenu-
ation will be greater than that experienced at 
lower frequencies by current cellular networks. 
Maximizing antenna gain through the use of 
beam forming techniques will be important; it is 
quite likely that massive beam forming will be a 
key factor in the deployment of this technology.
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■  Switching speeds from 1.8 nS

■  Frequencies up to 28 GHz  

■ Models up to SP8T

■ Insertion loss as low as 1.0 dB

■ Isolation as high as 50 dB

MMIC Switches
More frequency coverage, more throws,  
more board space = more possibilities.
The latest additions to our GaAs MMIC switch family might just change your 

approach to the switching stage in your signal chain. Our new designs free up 

valuable real estate and design time by enabling you to eliminate the discrete 

switching circuits in many of your radar and EW subsystems.

Download datasheets and S-parameters and start designing today.

CustomMMIC.com

UP TO 8 THROWS LOW INSERTION LOSS

WIDE FREQUENCY RANGE

SMALL FORM FACTOR

FAST SWITCHING SPEED
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• Q > 10,000
• Low ESR/ESL
• TC = NPO / P90
• Modeling Data Available
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• TC = NPO
• Modeling Data Available
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Available in Non-Magnetic Terminations
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• High Power Capacitors
• Up to 25kV
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• TC = NPO
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that must cover a range of installation 
requirements. While a reduced indi-
vidual PA output power requirement 
helps enable a broadband front end, 
the distributed approach still needs 
to meet  regulatory requirements to 
avoid interference with other users 
of the radio spectrum. Transmitter 
spectral mask and out-of-band noise 
and harmonic specifications are al-
ways challenging to meet and are very 
often achieved only on powerful base 
stations through the use of large and 
expensive bandpass filters.

ANTENNA

Antenna Element Design
The first challenge is to maintain 

antenna pattern stability across a wide 
range of operating frequencies. This 
is illustrated with simulations showing 
the propagation patterns for a single 
element antenna covering multiple 
bands (see Figure 3). In a phased ar-
ray, this could be the building block of 
a multi-band beam forming solution. 
What often happens in multi-octave 
antennas is that, although matching can 
be achieved at the desired frequencies, 
the antenna propagation pattern varies 
with frequency, making it difficult to 
calibrate the phase response.

In Figure 3, the propagation pattern 
of a multi-band patch antenna shifts 
as the operating frequency changes. 
Figure 3a shows a 900 MHz pattern, 
with 2 dBi peak gain along the z-axis 
(shown horizontally). Figure 3b shows 
a pattern at 2.4 GHz, with 3.5 dBi peak 
gain angled down significantly from the 
z-axis. In a typical system design, this 
makes the selection of the antenna tilt 
angle more challenging.

Antenna Spacing
Because operating bands are often 

spaced more than one octave apart, 
it is difficult is to determine the op-

RADIO

Phase Shifting Architecture
Constant phase shifts across wide 

bandwidths can be difficult to achieve 
using analog techniques. Fortunately, 
integrated RF transceiver chips are 
now available with standard digital 
interfaces (digital TRX), which make 
it easier to create phase-shifted cop-
ies in the digital domain and have 
architectures that present multiple 
signals at the antenna that are in-
dependently generated by multiple 
DACs and up-converters in parallel 
paths (see Figure 2). True broad-
band phase shifting can be achieved 
in the digital signal processor (DSP), 
and because phase shift is performed 
in the digital domain, the antenna 
beam can be rapidly switched from 
one beam position to another.

Each individual PA can have low-
er RF output power, as the required 
field strength in the desired direction 
is achieved over the air by combining 
the emitted fields of the different an-
tennas. Lower power PAs can more 
easily support multiband operation 
and can be considerably cheaper as 
lower cost process technologies are 
used. Reducing PA output power also 
reduces the associated costs for items 
such as power supplies and heat sinks.

The phased array architecture, 
however, requires that parallel paths 
be well matched as, for example, the 
gain and phase responses of the power 
amplifiers change over temperature 
and particularly with antenna match-
ing. To address these issues, new sys-
tems will require sophisticated means 
of calibration and continuous adapta-
tion, which should be readily achiev-
able in the digital domain.

Multi-Band RF
Multi-band base station solutions 

are of interest in practical systems 

s Fig. 1  Classic topology for beam steering.

Digital
TRX PA

Phase Shift

Φ

Φ

Φ

Φ

s Fig. 2  Modern topology for beam forming.

Digital
TRX PA
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LTE DAS and In-Building Network Filter Solutions
High Power/Low PIM Filters and Duplexers
Bandpass, Band Reject Filters, Highpass, Lowpass Filters, Multiplexers
Ultra-high Q Dielectric Resonators and Meta Materials
Narrow Band and Broad Band Antennas
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FILTERS & ANTENNAS

PRODUCTS

Call for a FREE Consultation

858.450.0468
mcv-microwave.com

M I C ROWAV E

QUICK-TURN

timum separation between elements. 
The ideal element spacing is  λ/2; 
however, this is not possible to achieve 
at all frequencies  in a wideband sys-
tem unless multiple redundant ele-
ments are used. Consequently, ele-
ment spacing is always a compromise. 
The element pattern and the spacing 
selected for the array influences its 
behavior over frequency, compromis-
ing gain and side lobes. This is illus-
trated in Figure 4.

Figure 4a shows a neatly defined 
900 MHz directional antenna radia-
tion pattern. The eight antenna ele-
ments are spaced 16 cm apart, which 
is λ/2 at that frequency. Figure 4b 
shows what happens when the fre-
quency is increased to 2.4 GHz with 
the element spacing unchanged. 
While both antennas achieve 12 dBi 
gain, the radiation pattern at 2.4 GHz 
becomes much less directional and is 
correspondingly less useful as part of a 
smart antenna system.

In a second pair of simulations 
(see Figure 5) the spacing of the 
eight antenna elements is decreased 

s Fig. 3  Propagation patterns of a single 
element, multi-band patch antenna at 900 
MHz (a) and 2.4 GHz (b).
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Specif ications
• > 50 GHz Bandwidth @1 dB

• 20 mΩ C-Res (typical)

• Up to 4 Amps

*Available in tape and reel (machine placeable) or fully integrated into custom products. 

(Coaxial Configuration)

INFINITELY CONFIGURABLE    •   INDIVIDUALLY SOLDERABLE    •    HI COMPLIANCE RANGE

• 0.23mm to 0.64mm diameter pins

• Pitches from 0.4mm to >1mm

Configurations

®

design, knowledge of the position of 
the antennas is not so important but 
tight synchronization is required; and, 
calibration of the differences between 
transmit and receive chains is abso-
lutely fundamental. Spot forming sys-
tems also require accurate measure-
ments of the dynamically changing 
radio environment.

PHYSICAL LAYER

Computational Complexity
The obvious challenge associated 

with physical layer of a smart antenna 
system is the increase in computational 
complexity. When compared to a sin-
gle omni-directional antenna, the next 
generation, line-of-sight smart antenna 
is estimated to be on the order of 100x 
more complex. In a non-line-of-sight, 
multi-path scenario, there is even a 
greater increase in complexity required 
to form a “spot” of coverage – approxi-
mately 100,000x. These numbers may 
seem problematic, but in the long term 
Moore’s law to is expected to make 

solution is in emerging technologies 
like metamaterials, which are demon-
strating their effectiveness in produc-
ing very compact steerable antennas 
with high gain. 

Measurements and Calibration
With a beam forming approach, 

the precise location of each antenna 
must be known, and antenna-radio 
chains must be synchronized, with 
any path length differences calibrat-
ed and adjusted. For a spot forming 

to 6.25 cm, which is λ/2 at 2.4 GHz. 
As expected, the 2.4 GHz pattern in 
Figure 5b shows good directional 
behavior with 13 dBi output, whereas 
the result in Figure 5a shows only 8 
dBi at 900 MHz, along with degraded 
directional performance.

So what is the answer? Higher fre-
quencies permit antenna arrays with 
more elements within the same area 
although the total number of trans-
ceivers that feed each of the elements 
grows correspondingly. A disruptive 

 Fig. 4  Propagation patterns at 900 MHz 
(a) and 2.4 GHz (b) with 16 cm element 
spacing.
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Ensuring the success  
of your project  

Industry Leading Performance 

 Competitive Pricing 

 Same Day Shipping 

Free Application Support 

812-323-8708 • sales@polyphasemicrowave.com

polyphasemicrowave.com/mj

We stock a complete line 
of components including:

• Quadrature Modulators 

• Quadrature Demodulators

• Single-Sideband Mixers 

• Image Reject Mixers

• Caseless Mixers 

• Customized Products

are looking to decrease operational 
expenditure (OPEX). The optimiza-
tion of power consumption becomes 
a multi dimensional problem with PA 
power, antenna count, DSP calcula-
tion complexity and media access con-
trol (MAC) scheduling all affecting 
performance.

Coordination is Not Just Within the 
Physical Layer

Obviously, signals from each anten-
na element must be combined with 
those from all of the other elements 
to produce the desired beam shape, 
which requires data to be copied accu-
rately within the physical layer. How-
ever, there is a challenge to coordi-
nate this operation across a number of 
separate logic devices, causing the im-
plementation to break out of a neatly 
layered approach. For example, when 
physical layer operation is extended 
across many devices to provide coor-
dinated multipoint behavior, there is 
an associated cost for the additional 
data transfer and accurate synchroni-
zation between devices. 

A further complication occurs in 
the scheduling of packets for trans-

RF output power is the same, and the 
total PA power doesn’t change signi� -
cantly. The power consumed by the 
remaining analog and digital circuitry, 
however, increases linearly with the 
number of elements, which could be 
100x to 1000x.

This is particularly challenging for 
HAPs, as a key design parameter is to 
optimize for a limited power budget. 
It is also a challenge for small urban 
cells and 5G, since mobile operators 

them increasingly achievable.

Power Consumption
The dif� culty in optimizing smart 

antenna systems is that no single part 
of the system works in isolation. In 
a conventional system with a small 
number of antennas, power consump-
tion is dominated by power ampli� er 
transmit power requirements. When 
scaled up to hundreds or even thou-
sands of antenna elements, the total 

 Fig. 5  Propagation patterns at 900 MHz 
(a) and 2.4 GHz (b) with 6 cm element spacing.
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Ultra Broadband State-Of-The-Art  
Digital Phase Shifters

PMI offers the highest quality phase shifters for industrial and military 
applications in the frequency range of 85 MHz to 40 GHz.  A wide range  
of standard models with various options are available that include:  

•  Military or Stringent Screening
• Specialized Testing  welcome!

Model: PS-2G18G-360-8D

Model: PS-200M10G-8B-SFF

 
 

 

 
Model: PS-500M2G-10B-SFF

Amplifiers – Solid State
Attenuators – Variable/ 
Programmable
Couplers (Quadrature, 
180° & Directional)
Detectors – RF/Microwave
DLVAs, ERDLVAs  
& SDLVAs
DTOs, VCOs, PLO, DROs, 
& Frequency Synthesizers
Filters & Switched  
Filter Banks
Form, Fit, Functional 
Products & Services
Frequency Discriminators 
& IFMs
Integrated MIC/MMIC 
Assemblies (IMAs)
IQ Vector Modulators
Limiters – RF/Microwave
Log Amplifiers
Millimeter Wave  
Components  
(Up to 50 GHz)
Miscellaneous Products
Multifunction Integrated 
Assemblies (MIAs)
Phase Shifters & Bi-Phase 
Modulators
Power Dividers/Combiners 
(Passive & Active)
Pulse Modulators (SPST)
Rack & Chassis Mount 
Products
Receiver Front Ends  
& Transceivers
SDLVAs, ERDLVAs  
& DLVAs
Single Side Band  
Modulators
SMT & QFN Products
Switch Matrices 
Switched Filter Banks
Switches – Solid State
Systems – Fly Eye Radars
Threshold Detectors
USB Products

West Coast Operation:
4921 Robert J. Mathews Pkwy, Suite 1

El Dorado Hills, CA 95762 USA
Tel: 916-542-1401 
Fax: 916-265-2597

East Coast Operation:
7311-F Grove Road

Frederick, MD 21704 USA
Tel: 301-662-5019 
Fax: 301-662-1731

sales@pmi-rf.com •  www.pmi-rf.com
ISO9001-2008 REGISTERED

Planar Monolithics Industries, Inc.

Package Size: 
4.95” X 3.38” X 1.0”
DC Voltage:
-15 VDC @ 40 mA
+15 VDC @ 254 mA 
Switching Speed:
Measured <300 ns

Frequency 0.5 to 2.0 GHz

Insertion Loss 13 dB Max - Measured 8.2 dB

VSWR 1.75:1 Typ - Measured 1.65:1

Phase Shift 360°

Accuracy ±5° Max - Measured +3.4°/ -2.6°

Control 10-Bit TTL Compatible:  
15 Pin Sub-D (Male)

Temperature 0 ºC to +50 ºC

Frequency Range 200 MHz to 10.0 GHz

Insertion Loss 10.5 dB Typ - Measured 8.0 dB

VSWR 2.4:1 Output, 1.5.1 Input

Phase Shift 360°

Accuracy ±0.5° Typ. - Measured ±0.35°

Control 8-BIT TTL Compatible:  
15 Pin Sub-D (Male)

Temperature -55 ºC to +85 ºC

Package Size: 
3.25” X 3.25” X 0.84”
DC Voltage:
-15 VDC @ 21 mA
+15 VDC @ 189 mA 
Switching Speed:
Measured <250 ns

Frequency Range 2.0 to 18.0 GHz

Insertion Loss 18.0 dB Max - Measured 17.29 dB

VSWR 2.2:1 Max - Measured 1.79:1

Phase Shift 360°

Accuracy ±15° Typ - Measured ±15.39°

Control 8 Bit TTL Compatible:  DC-37P,  
Sub Miniature D Multi-Pin

Temperature 0 ºC to +50 ºC

Package Size: 
4.25” x 3.50” x 1.00”
DC Voltage:
-15 VDC @ 76 mA
+15 VDC @ 63 mA 
Switching Speed:
Measured <410 ns

See us at EDI CON Booth 804

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=77&exitLink=mailto%3Asales%40pmi-rf.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=77&exitLink=http%3A%2F%2Fwww.pmi-rf.com


78   MICROWAVE JOURNAL  AUGUST 2016

TechnicalFeature

TVAs from the recognized  
leader in high reliability resistive 
components offer:

•	 Two	case	sizes:		
0.150”	x	0.125”	x	0.018”	(to	6	GHz)	
0.075”	x	0.065”	x	0.018”	(to	18	GHz)

•	 Three	TCA	values:	-0.003,		
-0.007,	and	-0.009	dB/dB/°C

•	 Enhanced	slope	ETVAs	with	a		
TCA	value	of	-0.005	dB/dB/°C

•	 Attenuation	values	from	1-10	dB
•	 Solderable	or	wire	bondable	

terminations

State of the Art, Inc.
RESiSTiVE	PRoduCTS

Made	in	the	uSA.

                Temperature  
Variable Attenuators
                Temperature                 Temperature 
Variable Attenuators

When the mission is critical, choose State of the Art.
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SYSTEM
A challenge that may not be solv-

able in a practical product is system 
validation.

System validation is needed early in 
the design cycle to prove that proposed 
system gains live up to the promises of 
the theoretical analysis. No one can af-
ford to deploy a smart antenna system 
and hope to resolve complex, interde-
pendant issues in the � eld. 

Validation is especially tough for 
the most dif� cult use cases, which 
show up only when large numbers of 
users are accessing the network. The 
problem is how to scale up existing 
test strategies to reproduce networks 
with multiple base stations and thou-
sands of transceivers, all cooperating 
closely in real time. The test network 
must operate in real time, in an au-
tomated and repeatable way that al-
lows different system con� gurations 
and optimizations to be accurately 
measured and benchmarked across a 
range of conditions. 

CONCLUSION
Smart antennas are an exciting new 

technology, but system design chal-
lenges must be overcome. To avoid 
unacceptable increases in overall so-
lution size and current consumption, 
a real world solution needs to balance 
antenna performance enhancements 
against the complexity of the radio 
and physical layer.

It is unlikely that a 100× to 1000× 
increase in either size or power con-
sumption will be acceptable; therefore, 
workable solutions are likely to lever-
age Moore’s Law by maximizing the 
level of digital integration and minia-
turizing analog elements by incorpo-
rating them in a module that integrates 
all duplicated  components when an 
antenna element is added.  At 5 GHz 
and above, it becomes practical to 
implement a reasonably ef� cient an-
tenna radiating element on a chip scale 
module. An attractive system solution, 
at these frequencies, might be a single 
ASIC incorporating all physical layer 
functions up to the RF digital interface 
and an array of front-end modules each 
incorporating a radio, a power ampli-
� er and an antenna radiating element. 
The challenge then becomes: how do 
you validate the real world perfor-
mance of such a system? ■

plications to become more aware of 
the smart behavior. The overall effect 
is that management of the radio re-
sources is rapidly becoming a task that 
is distributed throughout the layers 
of the architecture. This presents two 
problems: � rst, the architecture breaks 
the simple layered approach to module 
design and becomes multi-disciplinary; 
and second, there is communications 
overhead to maintain coordinated op-
eration between separate peer entities.

mission. Because the shape of the cell 
has been deliberately skewed, there 
is a timing-varying problem with cells 
potentially causing brief but intense 
periods of interference for neighbor-
ing cells. The best way to mitigate this 
problem effectively is for schedulers 
within peer MAC layers to commu-
nicate and coordinate their actions. 
We should expect packet routing to 
become more predictive and for ap-
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www.minicircuits.com    P.O. Box 350166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com

Ultra-Wideband Low Noise Amplifiers...Matched!
Low noise, high dynamic range, high output power, and flat gain from 0.5 to 8 GHz, 
all in a single model! And it’s very easy to use: all you need is a simple fixed inductor at 
the input and output to match impedance over the entire frequency band! i It’s ideal for sensitive, 
high-dynamic-range receivers, instrumentation, defense systems, LTE, WiFi, S-Band and 
C-Band radar, SatCom and more! It operates on a single 5V supply and comes in a tiny 
3x3mm MCLP package for excellent manufacturability. It’s available off the shelf, so go to 
minicircuits.com and place your order today for delivery as soon as tomorrow!

••Matched over full 
  frequency range!
•  Low Noise Figure, 1.3 dB
•  High Gain, 21 dB
•  Excellent Gain Flatness, ±0.7 dBii 

•  High IP3, +35 dBm
•  High POUT, +23.2 dBm

            Tiny Size, 3x3 mm

            0.5 - 8 GHz
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®
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i See datasheet for suggested application circuit.
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Visit Booth 215
at EDI CON to enter!

Visit Booth 215
at EDI CON to enter!at EDI CON to enter!

Visit Booth 215 at EDI CON to enter!

541 revC.indd   1 7/14/16   10:45 AM

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=79&exitLink=http%3A%2F%2Fwww.minicircuits.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=79&exitLink=mailto%3Asales%40minicircuits.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=79&exitLink=http%3A%2F%2Fminicircuits.com


Using a Passive Vector 
Modulator to Realize a 
Super Linearity High Power 
Feedforward Amplifier
Lamin Zhan, Kun Li and Guoan Wu
Huazhong University of Science and Technology
Wuhan, China

A super linearity high power amplifier uses the feedforward technique. A key 
element of this technique, an adjustable vector modulator, is made of passive 
devices. The advantage of passive devices, compared with active devices, is 
that they do not distort high power signals. In order to improve cancellation 
of intermodulation products, this adjustable vector modulator has high 
resolution as well. A 50.4 dBm output power amplifier with -62 dBc third-order 
intermodulation distortion is demonstrated.

The VHF power amplifier is widely used 
in wireless applications and is a criti-
cal transmitter component. Its purpose 

is to produce a high signal output for proper 
transmitter operation. This may be achieved, 
however, at the expense of linearity. Normally, 
the third-order intermodulation distortion of 
a Class A amplifier at 1 dB compression is no 
better than -20 dBc. This is far above the re-
quirement of many systems, where third-order 
intermodulation distortion must be -50 dBc 
with greater than 50 dBm output power. 

There are three main methods to linear-
ize an amplifier: feedback, predistortion and 
feedforward.1 The feedforward technique is 
widely used because it can achieve the best lin-
earization performance,1-3 but low efficiency is 
a major drawback. Appropriate power-retreat 
has often been used to provide suitable third-

order intermodulation distortion before linear-
ization is employed. In our system, the main 
power amplifier is retreated to a third-order in-
termodulation distortion of -39 dBc with 52.5 
dBm output power. This is good performance, 
but is still not sufficient. The adaptive feedfor-
ward technique can be used to meet today’s sys-
tem requirements in the presence of environ-
mental variations,4 but it is rarely used in high 
power systems because it uses an electronically 
adjustable vector modulator employing active 
devices. When RF power is high, active devices 
introduce distortion. In our approach, howev-
er, an adjustable vector modulator composed 
of passive devices provides high resolution to 
realize excellent cancellation of third-order in-
termodulation products. With the exception of 
the main amplifier and the error amplifier, the 
devices in this system are  passive. Experimen-
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that the CP is small, high resolution of 
the vector modulator is necessary.

For a dual-tone signal, CP is also 
affected by the group delay of each 
delay line, as shown in Equation 2.5

CP(dB) = 10 log (2)

1+α2 − 2α cos 2π Lerr

λ0

⎛
⎝⎜

⎞
⎠⎟
1− f

f0

⎛
⎝⎜

⎞
⎠⎟
± θerr

⎛

⎝⎜
⎞

⎠⎟
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

where f0 is the center frequency, λ0 is 
the wavelength at the center frequen-
cy and Lerr is the length difference 
between the delay lines. CP is less 
sensitive to Lerr as compared with α 
and θerr. Lerr can be decreased by ad-
justing the lengths of the delay lines.

FEEDFORWARD SYSTEM DESIGN
As shown in Figure 1, this feedfor-

ward system is composed of a main 
loop and error loop. The main loop 
includes the main amplifier, couplers, 
delay line and vector modulator. The 
function of main loop is to suppress 
the signal in order to extract the third-
order intermodulation distortion for 
input to the error loop. The error loop 
is composed of the error amplifier, 
couplers, delay line and vector modu-
lator. Its function is to eliminate third-
order intermodulation distortion of 

tal results show that third-order inter-
modulation distortion is reduced from 
-39 dBc for original amplifier with an 
output power of 52.5 dBm to -62 dBc 
for the linearized amplifier with an 
output power of 50.4 dBm.

CANCELLATION PERFORMANCE 
OF SIGNALS

Since the feedforward linearizer 
is designed to eliminate third-order 
intermodulation distortion through 
cancellation, the cancellation of two 
signals is analyzed (see Figure 1). As-
suming that the two signals are sinu-
soidal, the greatest cancellation occurs 
when their amplitudes are equal and 
their phases are opposite. The rela-
tionship between cancellation perfor-
mance versus amplitude and phase 
error is5

CP(dB) =
10 log 1+α2 − 2α cos θerr( )⎡⎣ ⎤⎦ (1)

α = Verr
Vm

where CP is the cancellation perfor-
mance, Verr is the voltage amplitude 
error, Vm is the voltage amplitude of 
the signals and θerr is the phase error. 
It is apparent that CP is more sensi-
tive to amplitude error and decreases 
with the rise of signal power.

Simulation (see Figure 2) shows 
the effects of amplitude and phase 
mismatch on the CP of two signals. 
The power of each signal is 10 dBm 
with a phase difference of 180 degrees 
in order to simulate the third-order in-
termodulation distortion of the main 
amplifier. The intermodulation signals 
can be suppressed by more than 30 
dB only when the phase error is less 
than 0.5 degrees and the amplitude 
error is less than 0.08 dBm. This is 
hard to achieve in practice. To ensure 

s Fig. 1  Feedforward system block diagram.
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s Fig. 2  Cancellation of  two equal-
amplitude, anti-phase signals as a function of 
phase or amplitude error.
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corporation
exyn

1287 Forgewood Ave.
Sunnyvale, CA 94089
Tel: (408) 962-0895
Fax: (408) 743-5354
sales@nexyn.com

 We welcome your custom requirements.

We have specialized in Low Phase Noise
 Fixed Frequency Sources since 1998.

 Nexyn offers the best performance and
 reliability on the market.

www.nexyn.com

  Crystal reference phase noise to
      -130 dBc/Hz @ 100 Hz @ 100 MHz
  Dual loop output

     frequency resolution +/- 0.001 Hz
 Internal reference stability

    to +/- 10 ppb
 5 - 1000 MHz External reference
 Frequency: 10 MHz to 35 GHz
 Power output: +10 to +24 dBm
Wide operating temperature

     range:  -55º to +85º
 Spurious: < -90 dBc
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in the Wilkinson power divider. The 
phase shift is determined by α1 and 
α2 controlled by the attenuators. The 
ideal phase shift of the vector modu-
lator is 90 degrees. Over the range 
of attenuation, the vector modulator 
can achieve only about 75 degrees 
phase shift, however; so a � xed phase 
shifter is added in front of the vector 
modulator to provide a suitable phase 
shift and group delay. Furthermore, 
the vector modulator produces some 
degree of attenuation determined by 
α1 and α2. An adjustable attenuator is 
added at the output to control overall 
attenuation. Adjusting the length of 
delay lines and the capacitor values 
equalizes the group delays. The phase 
shift at the center frequency is adjust-
ed by the attenuation in each path. To 
provide equal dual-tone signal ampli-
tudes, an LC network is placed before 
main ampli� er to compensate for an 
uneven gain curve.

Amplitude and phase resolution of 
the vector modulator is determined 
by the adjustable attenuator at the 
output. In this system, when the CP 
is about -30 dB, less than a 0.01 dB 
change in amplitude and a 0.06 de-
gree change in phase, respectively, 
will lead to a 1 dB change of CP. The 
adjustable attenuator used is manually 
adjustable and its resolution is as high 
as 0.01 dB, corresponding to a phase 
resolution for the vector modulator of 
less than 0.06 degree.

the main ampli-
� er output using the 
output of main loop. 
To realize a super 
linearity, both loops 
must have excellent 
cancellation perfor-
mance.

In order to mini-
mize insertion loss 
and preserve over-
all ef� ciency, the main path consists 
only of couplers, the main ampli� er 
and delay line. Ef� ciency can be ex-
pressed as

η' = OPm10
TLm

10 +OPe10
Pback

10

OPm +OPe
η (3)

where η' is the overall system ef� cien-
cy, η is the overall ef� ciency of the 
main and error ampli� ers, OPm and 
OPe are the ampli� er output powers, 
TLm is the transmission loss of main 
path and Pback is the retreated power 
of the error ampli� er. Because OPm is 
much larger than OPe, η' is more sen-
sitive to TLm. This implies that TLm 
must be minimized.

Figure 3 is a block diagram of the 
vector modulator. It consists of a � xed 
phase shifter, an adjustable phase 
shifter and an adjustable attenuator. 
The � xed phase shifter is composed 
of a 3 dB quadrature coupler and two 
equivalent capacitors. Figure 4 shows 
test results for the � xed phase shifter. 
Capacitor values can be adjusted to 
change the phase shift and group 
delay. The adjustable phase shifter is 
composed of a 3 dB quadrature cou-
pler, two adjustable attenuators and 
a Wilkinson power divider. The prin-
ciple is illustrated by
V
α1

sin ωt + θ( ) + V
α2

sin ωt + θ+ 90!( ) =
V

α1α2
α1
2 +α2

2 sin ωt + θ+ϕ( ) (4)

where ϕ=arctan α1
α2

α1, α2 are the voltage attenuation val-
ues of the two paths and φ is the phase 
shift of the vector modulator.

The input is divided into two equal 
amplitude signals with 90 degree 
phase difference by the 3 dB quadra-
ture coupler. The two signals pass 
through attenuators and are combined 

 Fig. 4  Vector modulator phase shift and 
group delay as a function of capacitor value.
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 Fig. 3  Vector modulator block diagram.
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TEST RESULTS
Analysis shows 

that, to meet system 
requirements, the 
output power of er-
ror ampli� er should 
be about 30 dBm. 
A power ampli� er 
with a 1 dB com-
pression point of 
about 47 dBm and 
gain greater than 65 
dB is chosen to pro-
vide adequate lin-
earity. At an output 
power of 30 dBm, 
third-order inter-
modulation distor-
tion is less than 
-45 dBc. The main 
ampli� er center 
frequency is 264.6 
MHz with 10 MHz 
bandwidth. The 
power gain is about 
50 dB with 1 dB 
gain � atness. The 
input is a dual-tone 
signal at 259.9 MHz 
and 269.4 MHz, re-
spectively, each at 3 
dBm.

Figure 5 shows 
the output spec-
trum of the main 
ampli� er versus the 
output power of the 
main loop, indicat-
ing that cancellation 
may be as high as 35 
dB. Cancellation of 
feedforward system, 
however, is deter-
mined by the error 
loop, which is tested 
individually.

The dual-toned 
test signal for the 
error loop is 10 dBm 
(each tone) at 250.4 
MHz and 278.9 
MHz, respectively. 
Figure 6 is the out-
put spectrum of the 
error loop. Values at 
the marker points 
are -22.68 dBm 
(MKR1) and -22.59 
dBm (MKR2), in-
dicating that the 
input signal can be 

 Fig. 5  Output spectrum of the main ampli� er vs. output power of 
the main loop.
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 Fig. 6  Output spectrum of the error loop.
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 Fig. 7  System output spectrum with the error ampli� er disconnected.
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-72.53 dBm (MKR3) and -72.36 dBm 
(MKR4). It shows the third-order in-
termodulation distortion of main am-
plifier suppressed from -48 dBm to 
-72.3 dBm. Fifth-order intermodula-
tion distortion is also suppressed to 
the background noise. Third-order in-
termodulation distortion of the system 
is approximately -62 dBc. The cancel-
lation is 24 dB on the left and 21 dB 
on the right. From Figures 7 and 8, 
the main signals are suppressed about 
0.4 dB due to residual signals from the 
main loop.

CONCLUSION
A super linearity high power feed-

forward amplifier is realized based on 
the feedforward technique. A key el-
ement of feedforward system, a high 
resolution adjustable passive vector 
modulator is designed in order to fully 
suppress third-order intermodulation 
products. Third-order intermodula-
tion distortion of the linearized am-
plifier is -62 dBc at an output power 
of 50.4 dBm. High output power with 
low third-order intermodulation dis-
tortion makes the system attractive in 
transmitters for today’s wireless appli-
cations. Moreover, the adjustability of 
the vector modulator makes the sys-
tem useful for other frequency bands 
and bandwidths. n
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output power of 52.5 dBm and the left 
and right third-order intermodulation 
products are -38.7 dBc and -41.1 dBc 
respectively. The transmission loss of 
the path between the main amplifier 
output and the system output connec-
tor is approximately 2 dB, including 
delay line and coupler losses.

Figure 8 is the output spectrum of 
system with the error amplifier con-
nected. The markers are at -10.65 
dBm (MKR1), -10.59 dBm (MKR2), 

suppressed more than 32 dB in error 
loop.

Finally, the entire feedforward sys-
tem is tested, with a 58 dB attenuator 
at the output to protect the spectrum 
analyzer. Figure 7 is the output spec-
trum of the entire system with the er-
ror amplifier disconnected. The four 
markers are at -10.28 dBm (MKR1), 
-10.14 dBm (MKR2), -45.31 dBm 
(MKR3) and -51.75 dBm (MKR4). 
The main amplifier is driven to an 

See us at EDI CON Booth 313
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The Smith chart was introduced by Philip 
Hagar Smith in 1939 and then refined 
and extended several years before be-

coming an icon of microwave engineering. To 
have a finite and practical size, the classical 2D 
Smith Chart is constrained to the unit circle. 
Hence, loads with reflection coefficient mag-
nitude greater than one cannot be plotted. In 
2011, the 3D Smith chart was published by 
A.A. Muller, P. Soto, D. Dascalu, D. Neculoiu 
and V. E. Boria. The 3D Smith chart unifies the 
design of active and passive circuits with any 
magnitude of the voltage reflection coefficient 
on the sphere by keeping all the circle forms 
of the classical Smith chart unchanged, but its 
handling requires a spherical surface and thus 
a CAD tool (www.3dsmithchart.com) was de-
veloped in order to utilize it. 

The creators of the 3D Smith chart have 
now extended the tool by using a hyperbolic 
Smith chart suitable for representing both 
circuits with negative and positive resistance 
with the magnitude of the voltage reflection 
coefficient ρ of any possible value (0<ρ<∞) in a 
compact manner in the unit disc. This is done 
by the means of single equation given by the 
Poincare disc model of hyperbolic geometry. 
Circuits exhibiting negative resistance have the 
magnitude of the voltage reflection coefficient 
bigger than unity and thus are mapped into the 
exterior of the classical Smith chart. In order 
to overcome the visual problems generated by 

this issue, two solutions were previously suc-
cessfully proposed: the 3D Smith chart which 
implies the usage of sphere and the negative 
Smith chart, however both having their incon-
veniences; the 3D Smith chart, because it can-
not be completely exploited without the means 
of a software tool while the negative Smith 
chart because it cannot be used at the same 
time as the regular Smith chart the scales used 
for one are meaningless for the other.

HYPERBOLIC SMITH CHART 
CONSTRUCTION

The infinite generalized 2D Smith chart is 
regarded in the 3D Euclidean plane as lying on 
a plane and is mapped onto the superior part 
of two sheet hyperboloid using an immersion 
(vertical pull) onto the infinite surface of the 
hyperboloid. Then a stereographic projection 
form the point (0, 0, -1) from the two sheet hy-
perboloid onto the unit disc (used in the Poin-
care unit disc model of hyperbolic geometry),  
is then used to compact the entire surface of 
the superior part of the two sheet hyperboloid 
onto the unit disc.

A sequence of vertical pulling/stereographi-
cal projection, as shown in Figure 1, is applied 
(inspired by Beltrami-Klein model of non Eu-
clidean geometry while using Poincare hyper-
boloid model).

The hyperbolic Smith chart maps the cir-
cuits with positive reactance above the hori-

90 	 	 MICROWAVE JOURNAL  AUGUST 2016

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=90&exitLink=http%3A%2F%2Fwww.3dsmithchart.com


http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=91&exitLink=http%3A%2F%2Fwww.atceramics.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=91&exitLink=mailto%3Asales%40atceramics.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=91&exitLink=mailto%3Asalesur%40atceramics.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=91&exitLink=mailto%3Asales%40atceramics-asia.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=91&exitLink=mailto%3Asalesur%40atceramics.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=91&exitLink=mailto%3Asales%40atceramics.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=91&exitLink=http%3A%2F%2Fwww.atceramics.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=91&exitLink=mailto%3Asales%40atceramics-asia.com


SpecialReport

- Components including amplifiers, converters,
  oscillators, antennas, control devices, waveguides
- Subsystems and integrated modules

- Custom products and engineering services

Millimeter Wave Products 18-140 GHz

Designed & Manufactured in the USA
24085 Garnier St.  Torrance, CA 90505
ISO9001 :2008/AS9100C

sales@quinstar.com
tel: 1.310.320.1111
hhp://www.quinstar.com

Mixers & Up / Down Converters 

Waveguide /Coax Adaptors

V, E, W Fullband Noise Sources

92 	 	 MICROWAVE JOURNAL  AUGUST 2016

SpecialReport

zontal (real line) of the ρh plane and 
the circuits with negative reactance 
below the real line of the hyperbolic 
reflection coefficients plane – as in the 
Smith chart. The constant reflection 
coefficients circles (0<|ρ|<1) of the 
classical Smith chart are completely 
mapped into circles with 0<|ρh|<0.414 
(in the hyperbolic reflection coef-
ficients plane while the (1<|ρ|<∞) 
constant circles (which are outside of 
the classical Smith chart- South hemi-

sphere on the 3D Smith chart) are 
mapped all together in the unit disc of 
the hyperbolic reflection coefficients 
plane with 0.414<|ρh|<1.

APPLICATION EXAMPLE
To obtain an oscillator at a speci-

fied frequency, the microwave active 
circuit must be designed to provide 
an infinite reflection coefficient at 
such a frequency. This requires mov-
ing to infinity in the reflection plane, 

thus a planar Smith chart not very 
useful (see Figure 2). In the hyper-
bolic reflection plane, infinity is rep-
resented by the unit circle (the way 
in which this approached proving an 
inductive or capacitive behavior). One 
may think in the hyperbolic reflec-
tions plane that as a reflection coef-
ficient one moves towards the unit 
circle, its energy becomes lower and 
thus its movements become slower 
thus reaching it becomes impossible 
since it means infinity. The hyperbolic 
Smith chart allows solving this type of 
problem in the plane graphically us-
ing a unique visual representation (as 
shown in Figure 3), since the infinite 
mismatch point is placed in a bounded 
and finite position on the unit circle.

To the best of our knowledge, the 
first complete generalized hyper-
bolic Smith chart in the unit disc of 
the complex plane by mapping the 
entire reflection coefficients plane 
0<|ρ|<∞into the unit disc of the hy-
perbolic reflection coefficients plane 
has been developed here. Circuits 

s Fig. 1  Preliminary construction: 
Generalized Smith chart mapped on the 
upper part of the two sheet hyperboloid 
(the upper sheet extends to infinity) (a) and 
stereographical mapping of the hyperboloid 
Smith chart in the unit disc from the red 
point (b).
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tending towards in� nity |ρ|=∞, then 
it will tend towards the unit circle 
of the hyperbolic Smith chart. The 
Smith chart mapped all the circuits 
with positive resistance in the unit 
circle of the re� ection coef� cients 
plane, while the hyperbolic Smith 
chart maps all circuits (exhibiting 
positive and negative resistance) in 
the unit hyperbolic re� ection coef� -
cients plane. �

with negative resistance or with the 
magnitude of re� ection coef� cient 
|ρ|>1 which occur in oscillator, am-
pli� er and other designs can be suc-
cessfully plotted together with other 
circuits which can be visualized on 
the Smith chart. The hyperbolic 
Smith chart is governed by a single 
equation and can be easily drawn on 
any CAD tool using the Poincare disc 
model. If the re� ection coef� cient is 

 Fig. 2  Input impedance (in black) of a 
microwave oscillator based on an In� neon 
bipolar transistor on the traditional Smith 
chart, the input impedance at the oscillation 
frequency is thrown towards in� nity.

 Fig. 3  Input impedance (in black) of a 
microwave oscillator based on an In� neon 
bipolar transistor is tending towards in� nity 
(unit circle)�ρ �= ∞ ↔ �ρ h� = 1 on the hyperbolic 
Smith chart.
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RF Waveguide Tips and Facts 
You Can’t Learn in School
Pasternack
Irvine, Calif.

For many microwave and millimeter 
wave applications, RF waveguides are 
the guided transmission technology of 

choice. Typically, waveguide interconnects and 
devices provide lower insertion loss and better 
VSWR than coaxial or microstrip transmission 

lines. Also, the high power handling capability, 
solid construction and high heat handling make 
waveguides particularly attractive to aerospace, 
military and scienti� c applications that require 
high power and performance. There are many 
nuances and easily forgotten factors to ensure 
waveguide assemblies and interconnects oper-
ate at maximum performance. It takes a good 
deal of knowledge to enter the waveguide 
game and, as many technologies rely on wave-
guides — especially millimeter wave — a lot of 
time and money can be saved with expertise.

TYPES, MODES AND FREQUENCY 
BEHAVIOR

The conductive walls of a closed circular, 
elliptical or rectangular waveguides facilitate 
the propagation of guided mode electromag-
netic (EM) waves. There are several differ-
ent modes for each type of waveguide (see 
Figure 1), and the equations that determine 
the frequency behavior of the modes are dif-
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 Fig. 1  E22 mode � eld distribution in a rectangular waveguide: cross-sectional (a) 
longitudinal (b) and surface (c) views.1
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by the waveguide before microwave 
breakdown, dielectric breakdown or 
multipaction can occur. This differs 
from a circular waveguide since it can 
only propagate a maximum bandwidth 
ratio of 1.3601:1, which is the maxi-
mum single mode frequency to mini-
mum cutoff frequency. The recom-
mended frequencies of operation for a 
rectangular waveguide are 30 percent 
higher than the cutoff frequency and 
5 percent below the cutoff frequency 
of the next higher mode. These rec-
ommendations prevent dispersion 
at the lower frequencies and multi-
mode operation at higher frequencies. 

Even if a waveguide is operated 
within the recommended frequency 
range, the group delay and phase de-
lay over its entire bandwidth is a sig-
nificant percentage of the speed of 
light (see Figure 2). This is unlike 
TEM mode transmission lines, such 
as coaxial transmission lines, which 
have a relatively flat group delay over 
their operational frequencies. Nonlin-
ear phase or wide variations in group 
delay can cause fidelity errors in wide 
bandwidth radar systems and even in-
tersymbol interference in wide band-
width digital communication systems. 
Devices such as phase shifters are 
used to correct the phase delay from 
the waveguide response, component 
delays and unequal length routing. 

With a short length of waveguide 
interconnect, it may be difficult to 
measure the insertion loss, phase de-
lay or VSWR. The extremely low in-
sertion loss and other performance 
factors over a short length may be be-
low the measurement capabilities of 
all but the highest performance vector 
network analyzers (VNA). The inser-
tion loss may only be a small fraction 
of a dB, and the dynamic range of the 
VNA may not be adequate to differ-
entiate the insertion loss from noise.

Though waveguides are generally 
very high performing, routing with 
coaxial cables is occasionally prefer-
able, such as when several mating/
demating transitions occur, the rout-
ing is very tight and complex or to 
reduce cost. For systems with a low 
noise amplifier (LNA), a waveguide 
segment may be used to route RF 
energy from the antenna to the LNA 
input, with the output of the LNA 
connected to a coaxial segment, as 
the biggest impact to the signal-to-
noise ratio (SNR) and dynamic range 

multi-mode operation, but this may 
not be ideal since the interaction be-
tween the modes can degrade signal 
integrity for any single mode — when 
evanescent wave coupling occurs 
with higher modes, for example. 

The lower frequency limit of a 
waveguide is a hard cutoff where the 
attenuation exponentially increases as 
the frequency lowers, disabling trans-
mission (see Table 1). Most rectangu-
lar waveguides are specified with a 2:1 
width to height ratio to achieve a max-
imum bandwidth ratio of 2:1, i.e., the 
ratio between the maximum frequen-
cy and minimum cutoff frequency. 
This way, maximum power is carried 

ferent for each type. For rectangu-
lar waveguides, the TE10 mode is 
the most commonly used, as it has 
the lowest attenuation. Rectangular 
waveguides also tend to be the most 
common type for components and as-
semblies. However, for routing pur-
poses, circular or elliptical waveguide 
interconnects are commonly used for 
long runs. Waveguides are capable of 

TABLE 1
CUTOFF FREQUENCIES FOR X-BAND 

RECTANGULAR WAVEGUIDES 
(22.86 × 10.16 mm)

TEmn Mode Cutoff Frequency

m n F (GHz)

1 0 6.562

2 0 13.123

0 1 14.764

1 1 16.156

TMmn Mode Cutoff Frequency

m n F (GHz)

1 1 16.156

1 2 30.248

2 1 19.753

s Fig. 2  WR90 group delay and group 
velocity vs. frequency.
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(DNR) is loss before the input of the 
LNA. High power systems may also 
use waveguides to route high power 
signals at the input and output. Sys-
tems can convert from waveguide to 
coaxial, to take advantage of the low-
er cost coaxial routing, where higher 
insertion loss and poorer VSWR have 
less impact. 

EM PHENOMENON, SKIN EFFECT 
AND MICROWAVE BREAKDOWN

At certain frequencies and power 
levels, the electrical and material 
properties of conductors and dielec-
trics can change and produce unex-
pected effects. At higher microwave 
frequencies, the electrons in a con-
ductor migrate toward the surface, a 
phenomenon known as skin effect (see 
Figure 3). Also, if power levels are too 
high, the dielectric material between 
two conductors ionizes and becomes 
conductive, resulting in microwave di-
electric breakdown. With skin effect, 
as the frequency of the EM energy 

in a waveguide increases, more of the 
traveling electrons migrate toward 
the surface of the inside walls of the 
waveguide. The inside walls are more 
significant to wave propagation than 
the outside surface of the waveguide, 
since the conductor’s high frequency 
conductivity is less in the bulk of the 
material than near the surface — a 
significant reason why high frequency 
losses in a conductor are much higher 
than low frequency losses. 

For non-ferromagnetic conduc-
tors, the DC resistance is many times 
higher than at RF and microwave fre-
quencies. Still, for ferromagnetic ma-
terials such as nickel, iron and steel, 
the AC resistance has a more signifi-
cant increase with the greater mag-
netic permeability. For these reasons, 
very high conductivity metallization, 
such as silver and gold, are often used 
to plate the inside walls of a wave-
guide, especially for higher micro-
wave and millimeter wave and power 
applications. At only 1 GHz, 98 per-
cent of the electrons in a copper sheet 
are traveling within several microm-
eters of the copper sheet surface. At 
high microwave and millimeter wave 
frequencies, the region in which the 
majority of electrons travel is much 
smaller, making the surface conditions 
of the conductor extremely important. 
This means that the final plating mate-
rial on the inside walls of a waveguide 
is often the only conductive material 
that has an impact on the EM propa-
gation. Hence, surface conformity and 
smoothness are critical to reduce RF 
losses throughout the waveguide.

Another phenomenon that impacts 
high frequency and high power sys-
tems is the EM energy induced di-
electric breakdown between the con-
ductive walls of a waveguide that can 
cause high energy arcing. The arcing 
that occurs within a waveguide at high 
power can cause standing waves at ex-
treme power levels and induce poten-
tially damaging heat or even deplating 
the surface metals of the waveguide 
material. The power threshold where 
microwave breakdown occurs depends 
upon the dielectric properties, temper-
ature, distance between conductors, 
frequency and pressure of the gas-
eous dielectric inside the waveguide. 
For high power waveguide filters, the 
spacing of the filter cavities with the 
surrounding metal is also important to 
prevent multipaction3 (see Figure 4). 

s Fig. 3  Materials with greater skin depth 
have less loss at high frequencies.2
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s Fig. 4  In complex waveguide 
components, calculating the necessary 
spacing at various power levels requires 
predicting material properties.4
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materials. Generally, this means that 
waveguides are constructed in machin-
ing facilities by technicians knowledge-
able in waveguide construction. Some 
of this knowledge is based on physics, 
such as the proper bend radius and 
lengths of bends; some depends upon 
experience gained through trial, error 
and troubleshooting. For instance, ge-
neric � exible waveguides tend to have 
poorer RF performance, i.e., insertion 
loss and VSWR, even though they may 
solve routing, misalignment and vibra-
tion challenges. Nonetheless, if a � ex-
ible waveguide is made with the appro-
priate sized sections for a speci� c fre-
quency, the insertion loss and VSWR 
can nearly match a solid waveguide 
over a very narrow bandwidth. Addi-
tionally, some suppliers will perform a 
fully assembled � exible waveguide to 
reduce the occurrence of mechanical 
stress on a � exible waveguide segment 
that often causes the decoupling of the 
� ex segments. 

For waveguide twists and bends, 
there are very simple physics-based 
rules to follow to ensure that RF per-
formance is optimized (see Figure 7). 
With rectangular waveguide, bends can 
be in the width for distorting the elec-
tric � eld, known as an E-bend, or the 
bend can be in the height wall for dis-
torting the magnetic � eld, known as an 
H-bend. The radius required to have an 
optimal performing bend is greater than 
two wavelengths at the lowest frequen-
cy of interest. For a 45 degree twist, or 
sharp bend, the simple rule is that the 
outer wall length should be one quar-
ter of the wavelength of interest. With 
sharp bends, the phase of the output 
signal will be inverted compared to the 
input, and the bandwidth will be lim-
ited compared to other routing options. 
With twists, a 90 degree bend requires 
at least two wavelengths, where a 180 
degree twist requires four wavelengths 
for a full inversion. The polarization of 
the RF energy is changed during a twist 

misalignment when connecting with 
other waveguide components.

Though there are many reputable 
and high quality waveguide suppliers, 
some — particularly offshore — may 
streamline machining techniques to 
reduce manufacturing time and cost. 
These shortcuts can dramatically de-
grade waveguide component and sys-
tem performance. Any misalignments 
or machined geometries beyond speci-
� ed levels can increase the VSWR and 
allow  RF leakage between the � anges, 
leading to increased maintenance and 
service costs. One example is the drill-
ing of fastening holes in a waveguide 
� ange. To achieve high precision align-
ment, the waveguide � ange needs to 
be attached to the waveguide prior to 
drilling. However, some machining 
houses will drill the waveguide � anges 
prior to attachment. This results in xy 
and rotational displacement between 
the waveguide � ange holes and the 
speci� ed locations for the waveguide 
size and � ange type. The errors may 
be so slight that they aren’t visually 
discernable or measurable with a pair 
of calipers. However, highly precise xy-
coordinate machines are available to 
measure hole dimensions and can be 
used to evaluate incoming parts. Some 
high microwave and millimeter wave 
waveguides use guide pins, with de-
tailed speci� cations provided in MIL-
DTL-3922 (see Figure 6). At higher 
frequencies, these pins are speci� ed 
to be 0615; however, some companies 
will use 0612 pins, as they are a stan-
dard stock pin. Although the differ-
ences in pin sizes are not discernible to 
the eye, the wrong guide pin can lead 
to misalignments.

MECHANICAL AND MACHINING 
CONSIDERATIONS

Waveguides are predominantly 
constructed entirely with conductive 
metals, with the exception of pressure 
windows, some gaskets and jacketing 

Gases with higher breakdown proper-
ties can be injected into a waveguide 
system to increase the power threshold 
before microwave breakdown occurs. 
After assembly, waveguide systems are 
sometimes purged of humid air with 
dry gases to prevent condensation and 
humidity that will reduce the micro-
wave breakdown threshold. Specially 
made � anges with gas inlet and outlet 
valves are used for this.

QUALITY COUNTS
The quality of construction and 

materials can have a large impact on 
the performance of a waveguide sys-
tem, especially at microwave frequen-
cies and when carrying high power. 
Such waveguide can become dif� -
cult to manufacture and evaluate, as 
the tolerances are extremely small 
at microwave and millimeter wave 
frequencies. To achieve the neces-
sary millimeter wave component and 
interconnect quality, soldering must 
be performed with a detailed visual 
inspection to ensure that no pits or 
holes exist in the solder. In space ap-
plications, even minute holes or pits 
can allow � ux to leak from the mate-
rial, increasing losses and degrading 
performance (see Figure 5). Machin-
ing tolerances for waveguides can 
be very tight, not only to ensure me-
chanical stability and strength but also 
because RF performance depends 
upon the precise relationship between 
the geometries, the plating and the 
smoothness of the inside waveguide 
walls and � anges. Any tooling marks 
or imperfections in the material can 
cause losses, reduced VSWR as well as 

 Fig. 5  Minor contamination on plating 
can induce failures. Poorly plated silver 
led to the failure of a waveguide transfer 
switch array in NASA’s Mars Reconnaissance 
Orbiter (MRO).5

 Fig. 6 MIL-DTL-3922 de� nes the dimensions of waveguide � anges.6
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and may need to be corrected, depend-
ing upon the system.

Another area of concern for many 
waveguide purchasers is cost, due to 
the amount of gold plating on many 
waveguide products. For higher fre-
quency microwave and millimeter 
wave applications, precious metal plat-
ing is necessary to minimize losses in 
the waveguide but is only needed on 
the inside surface of the waveguide 
and flanges. The plating on the outside 
surface of the waveguide, or plating on 
waveguides used at lower frequencies, 
is purely cosmetic or used to reduce 
corrosion. In this case, a much lower 
cost passivation layer may suffice.

ASSEMBLING: 
TROUBLESHOOTING AND 
HANDLING

Though waveguide components 
and interconnects tend to be formed 
of relatively sturdy metals, some alu-
minum and copper waveguides for 
higher frequency and aerospace ap-
plications can easily be dinged and 
dented. While these dings and dents 
are sometimes a useful tuning tech-
nique, they can dramatically change 
the performance of a waveguide or 
waveguide component. Ensuring 
proper packaging and shipping can 
prevent untimely surprises upon ar-
rival. As shock and vibration during 
shipping can misalign the fittings, 
some suppliers will ship a waveguide 
assembly attached to a keeper plate 
to mitigate shipping and storing is-
sues.

After receiving, the assembly 
and care of the waveguide compo-
nent and interconnect can impact 
performance. One frequent issue 
is the attachment of the waveguide 
flanges. If no gasket is used, the 
surface of each flange needs to be 
clean and flat. Any marring, dust 
or peeling plating can lead to RF 
leakage and reduced performance 
from misalignment. Waveguide 
bends and twists may also form 
stress cracks from thermal cycling 
and mechanical stress. The higher 
the frequency of the waveguide, 
the more sensitive the system per-
formance is to proper assembly and 
care. With flange attachments, a 
consistent and specified amount of 
torque should be applied at each 
corner (see Table 2). If one corner 
of a waveguide is torqued more or 

s Fig. 7  A properly designed waveguide bend will not cause additional loss or reflection, 
critical in long waveguide runs.7
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reasonable distance by using probes 
that prevent human contact with the 
waveguide assembly is recommended 
to avoid arcing, as RF leaks can lead to 
high voltage occurrences. 

CONCLUSION
The low insertion loss, incredible 

VSWR and high frequency and power 
handling capabilities of waveguides 
comes at a price: a large learning 
curve and careful design and assem-
bly. Some of the physics-based knowl-
edge of waveguides can be found in a 
good book. However, there is a large 
amount of practical knowledge about 
construction and system design that 
is rarely available outside an experi-
enced waveguide manufacturer and 
system design team.■
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they do not impact RF performance 
and even clamping of the flanges.

If higher than expected loss or 
VSWR occurs, the next step is to track 
down the area of leakage. Rather than 
pulling the system apart and testing 
each connection, a detector probe can 
be used to scan an assembly for leakage 
points while running a test. Keeping a 

less than the others, a small gap will 
form and degrade VSWR and in-
sertion loss. RF leakage can occur. 
This can also happen as a gasket 
degrades with age or heating/cool-
ing cycles. Threaded screws can 
back up under vibration and heavy 
loading. Methods that ensure stable 
fastening should be used, as long as 

TABLE 2
WAVEGUIDE FLANGE RECOMMENDED 

TORQUE AND TENSION8

Screw Size Threads 
Per Inch

Torque 
(inch-lb)

Tension (lb)

4 40/80 4.5/ 5.5 235/280

6 32/40 8.5/10 360/410

8 32/36 18/20 625/685

10 24/32 23/32 705/940

1/4" 20/28 80/100 1800/2200

5/16" 18/24 140/150 2540/2620

3/8" 16/24 250/275 3740/3950

7/16" 14/20 400/425 4675/4700

1/2" 13/20 550/575 6110/6140
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Device characterization can be chal-
lenging and complicated when ventur-
ing into the terahertz frequency range. 

To further complicate the situation, achieving 
an insightful understanding of component 
performance and behavior often requires two 
instruments: a vector network analyzer (VNA) 
and a spectrum analyzer (SA). During a typical 
measurement session, the need to frequently 
connect, disconnect and reconnect the device 
under test (DUT) is both inconvenient and 
time-consuming. It can also introduce mea-
surement errors, extend measurement time, 

and damage the probes, the test 
cables and even the DUT.

One solution is to incorporate 
VNA and SA capabilities into 
a single instrument. Recently, 
faster digitizers, digital signal 
processors (DSP) and central 
processing units (CPU) have en-
abled Keysight to implement an 
SA capability that is fast enough 
to accelerate crucial — and of-
ten tedious — measurements, 
such as the search for spurious 
signals. In the analog portion 
of the block diagram, the next 
step is extending SA capabilities 
into the terahertz region while 
retaining the expected function-
ality, performance and accuracy 
of VNA and SA measurements.

REACHING THz
VNA test solutions that mea-

sure below 67 GHz are usually 
implemented as a single, inte-
grated instrument. Extending 
VNA capabilities to higher fre-

quencies is typically achieved by using what is 
called a distributed architecture. This requires 
the use of frequency extenders that up-convert 
stimulus signals and down-convert response 
signals to support DUTs that operate into the 
terahertz range. A mmWave VNA can be imple-
mented as a preconfigured solution or as a user-
integrated system built around an existing VNA.

For example, Keysight offers an integrat-
ed system under a single model number, the 
N5251A mmWave network analyzer. This con-
figuration covers 10 MHz to 110 GHz and cur-
rently offers extensions to 1.1 THz. The core 
instrument is a Keysight PNA microwave net-
work analyzer. These solutions can be config-
ured in two ways: one supports single sweep 
measurements through 1.0 mm coaxial con-
nections; the other supports a variety of band-
ed measurements via waveguide. The single 
sweep configuration is based on a 67 GHz PNA 
and includes a pair of companion mmWave 
controllers that support two- or four-port 
measurements (Keysight N5261A or N5262A, 
respectively). These connect to broadband 
frequency extenders, providing the interface 
between the mmWave test-head modules and 
the network analyzer. The extenders provide 
a 1.0 mm coaxial interface to the DUT up to 
110 GHz, as shown in the product photo, and 
waveguide is used above 110 GHz.

The banded configuration supports a variety 
of frequency extenders from OML and Virginia 
Diodes (VDI). These use waveguide for fre-
quencies above 110 GHz and in some frequency 
bands between 67 and 110 GHz (see Figure 1). 
The latest version of Keysight’s optional “SA on 
VNA” capability now supports all of these con-
figurations, enabling integrated spectrum analy-
sis into the terahertz range on the PNA and 
PNA-X network analyzers.
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THz Spectrum 
Analysis With A 
Vector Network 
Analyzer
Keysight Technologies
Santa Rosa, Calif.

s Fig. 1  The addition of solution-partner 
frequency extenders to the PNA enables a 
banded terahertz solution. With OML (a) and 
Virginia Diodes (b) extenders.
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DUTs with pulsed RF stimuli. The net 
result is the ability to evaluate DUT 
behavior under a wide operating range 
and in a variety of operating conditions.

The Keysight implementation of 
spectrum analysis is built on its existing 
VNA architecture. A typical spectrum 
analyzer includes a microwave pre-se-
lector (i.e., a filter) that blocks high level 
signals while measuring low level signals 
as well as unwanted mixing products; this 
removes receiver harmonics and image 
responses. The SA-on-VNA design re-
lies on custom hardware and software to 
provide spectrum analyzer performance. 
The PNA series uses custom RFICs de-
signed in proprietary processes, coupled 
with software algorithms, to eliminate 
images. The hardware design also com-
pensates for remote up- and down-con-
verter topologies and nonlinearity. 

The same techniques can be uti-
lized in the distributed architecture 
VNA configuration used for mmWave 
measurements. The only additional 
consideration is a special calibration 
of the SA receivers to ensure accurate 
measurements. This calibration must 
include the frequency extender heads 
as well as all associated hardware, ca-

nal attenuators may be required when 
testing high power DUTs.

The integration of SA capabilities 
enables quick handoffs from the VNA 
mode without changing the physical 
test setup. For example, if an anomaly 
crops up in a VNA trace, the user can 
place a marker at that point and press 
“Marker to SA” to initiate a spectrum 
measurement. The measurement ap-
pears in a new window, enabling fur-
ther observation and analysis of spec-

tral content and be-
havior. The PNA and 
PNA-X also include 
a calibrated stimulus 
that can be directed to 
any and all DUT ports. 
Through tight control 
of frequency, ampli-
tude and DC offset, 
this provides a very ac-
curate test solution for 
the characterization of 
harmonics and inter-
modulation products. 
In addition, internal 
pulse generators and 
modulators enable 
characterization of 

BUILT IN SA
The optional spectrum analyzer 

mode includes a user interface that 
presents the typical array of setup pa-
rameters: center frequency and span, 
start and stop frequencies, step size, 
resolution bandwidth (RBW), detector 
shape, averaging and receiver attenu-
ation (see Figure 2). One important 
note about using SA in the distributed 
configuration: because the internal re-
ceiver attenuators are bypassed, exter-

s Fig. 2  The popup window for SA setup enables selection of key 
parameters for multiple measurement channels.
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building blocks 

bling and � xturing. Because the user may change one or 
more of these elements to suit a speci� c frequency range 
or setup, two types of calibrations must be performed any 
time the test con� guration changes: power level and IF re-
ceiver. To simplify these situations, the new high frequency 
SA options include functionality that automates the cali-
bration processes and guides the user.

THE ADVANTAGES
The integration of SA capabilities into a VNA offers two 

key advantages over the multi-instrument approach: multiple 

 Fig. 4  As span increases (lower noise � oor), the integrated SA 
capability provides a signi� cant speed advantage over stand-alone 
spectrum or signal analyzers.
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 Fig. 3  The single connection, multi-channel SA capability 
provides accurate, simultaneous measurements on all DUT ports.
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be used to deliver a stimulus of known 
power to the DUT, compensating for 
known loss in the � xture or probes. The 
resulting improvement in measurement 
accuracy enables a deeper understand-
ing of a DUT’s true performance.

Spurious are unwanted signals — 
harmonic or non-harmonic — that 
may cause interference from trans-
mitters, false responses in radar sys-
tems or reduced dynamic range in 
communications receivers. Spurs 
must be identi� ed and measured be-
fore a designer can reduce them to 
suf� ciently low levels, as de� ned by 
a system or device speci� cation. The 
search for spurs presents two chal-
lenges: time and complexity. The 
process of checking spurious perfor-
mance is time-consuming, especially 
when searching for low level signals 
over a broad frequency range. Char-
acterizing spurs over the operating 
range of typical mixers and frequency 
conversion devices tends to be tedious 
and complicated, and it often requires 
external control software. With the 
integrated high performance SA capa-
bility, a PNA or PNA-X can perform 
fast spurious searches across a broad 
frequency band, improving test time 
compared to a stand-alone signal ana-
lyzer. Speed does not degrade accu-
racy: measurements results are com-
parable to those obtained with today’s 
most sophisticated spectrum or signal 
analyzers (see Figure 4).

CONCLUSION
Working at mmWave and sub-

mmWave frequencies can be challeng-
ing. As implemented in the Keysight 
PNA and PNA-X microwave network 
analyzers, the optional addition of inte-
grated SA capabilities to a distributed 
VNA architecture makes it possible to 
characterize component performance 
and behavior into the terahertz range 
with a single test setup. The integrated 
stimulus, with the ability to perform 
spectrum analyzer measurements on 
multiple channels simultaneously, of-
fers research and design engineers new 
insights in much less time and with ex-
cellent accuracy.

Keysight Technologies
Santa Rosa, Calif.
www.keysight.com/� nd/thz

This simpli� es characterization of de-
vices such as mixers, frequency convert-
ers, ampli� ers, high frequency modules 
and subsystems. VNA calibration and 
de-embedding techniques are essen-
tial to the accuracy of in-� xture and 
on-wafer measurements. The process 
corrects for the instrument’s systematic 
errors, and it removes cable and � xture 
effects. It can be used with frequency 
extenders, and it is also applicable to 
the SA-on-VNA capability. In addition, 
the power compensation features can 

simultaneous measurements and cali-
brated accuracy. Through its multiple 
test ports, a VNA enables multi-channel 
spectrum analysis that is synchronized 
with the internal swept signal genera-
tors. A PNA or PNA-X, through a single 
connection, provides simultaneous mea-
surements on all DUT ports. The range 
of possible measurements includes 
input spectra, output spectra, channel 
power, gain compression, feedthrough, 
re� ections, conversion gain, harmonics 
and intermodulation (see Figure 3). 
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RF/microwave synthesizers are ubiqui-
tous in today’s world — practically in 
every wireless device, from the smallest 

handheld to the largest communication towers, 
in every electronic countermeasure (ECM) 
and electronic warfare (EW) system, in medi-
cal and plasma research, in radio astronomy, 
in instrumentation and test, in laboratory and 
production environments.

Pronghorn Solutions has developed a new 
family of synthesizers, covering 10 MHz to 
above 24 GHz and offering industry-leading 
phase noise, frequency resolution of 0.01 Hz, 
fast switching of less than 100 µs in list mode, 
low spurious, small size and low power con-
sumption. The products in the PHS8500 family 
are available in modular (PHS8500M), hand-
held (PHS8500H) and benchtop (PHS8500B) 
formats. The benchtop model allows multiple 
synthesizers in one box, all controlled by a single 
reference source, with options for multiple tone 
testing and phase continuous, multiple frequen-
cy operation. The handheld and modular sys-
tems weigh under 1 lb and consume less than 8 
W, with a power saver option for lowering power 
consumption in airborne units. The handheld 
unit offers battery operation as an option. The 
modular version is quite small: 3.5" × 5.5" × 1". 
With these three configurations, the PHS8500 

family is suited for production and operational 
test, laboratory test and field applications. 

INSIDE THE BOX
Phase-lock loop (PLL) synthesizers have 

been the workhorse in telecommunications, 
EW, ECM and test and instrument systems for 
well over 50 years. During this time, PLLs have 
evolved from complex, typically narrow band 
designs that were limited to below L-Band fre-
quencies to integrated, multi-octave and multi-
decade ICs. Digital processing speeds have 
also been increasing, enabling direct digital 
synthesizers (DDS) to reach well over 4 Giga 
symbols per second (GSPS). Direct analog 
synthesizers (DAS), which derive the desired 
frequency by combinations of multiplying and 
mixing a reference signal, have become small-
er and achieve wider bandwidth, using ever-
shrinking IC designs. The patented PHS8500 
family uses a combination of the best charac-
teristics of PLL, DDS and DAS technologies 
to create superior performance in a low power 
consumption, flexible package — a specific 
goal of the design team.

The PHS8500 operates from an internal 
100 MHz temperature-compensated crystal 
oscillator (TCXO). It can also use an external 
10, 100 or optional 1000 MHz reference. The 
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Low Noise, Low 
SWaP Synthesizers
Pronghorn Solutions
Denver, Colo.
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See us at EDI CON Booth 409
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• Attenuators
• Terminations
• Dividers 
• DC Blocks
• Tuners
• High Performance Designs 
•• Power Handling to Design Specifications
• Frequency Range: DC to 40 GHz

Space and Mil-Qualified Components

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

Need Space and Mil-Qualified Parts?
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software interfaces to the instrument, 
via SCPI-compliant USB or SPI driv-
ers, are identical in all three models. 
The benchtop, handheld and modular 
units all come with a flexible and in-
dustry standard SCPI-compatible in-
terface. These include USB port and 
SPI ports. The benchtop model adds a 
built-in LAN interface, so that the in-
strument can be wirelessly controlled 
as part of an Internet of Things (IoT) 
network. An external LAN interface 
is also available as an option for the 
modular version. The handheld unit 
has the standard SCPI-compatible 
USB interface. All PHS8500 models 
come with a Visual Studio instrument 
graphical user interface (GUI), which 
can be used as a front panel control 
with a PC. The benchtop and hand-
held models have a convenient 4 × 4 
keypad, allowing most of the synthe-
sizer’s functions to be entered and dis-
played on a backlit LCD display.

The PHS8500 family was designed 
for low power consumption. Operating 
from a single positive 8 V DC power 
supply, total current draw of the modu-
lar unit is less than 1.0 A, giving a total 
power consumption less than 8 W. If ad-
ditional power conservation is needed 
— during non-operational states of the 
synthesizer, for example — an option 
allows the total power consumption to 
be reduced to under 1 W with a simple 
command. The external 120/240 V AC 
power cord in the benchtop and hand-
held models externally converts the 
line voltage to an 8.4 V DC output that 
plugs into the instrument. The hand-
held unit has an optional, externally 
rechargeable battery pack that can be 
used for field operations.

The PHS8500 family excels in all 
applications: production testing, labo-
ratory product development, field test-
ing and alignment and other embed-
ded applications. For those who want 
to embed the synthesizer in a custom 
system — within a PXI, other module 
or special purpose instrument — the 
PHS8500X is offered as a customer-
specific, board-level synthesizer that 
can plug in to many systems. Prong-
horn plans to add models to the family, 
which will offer lower phase noise and 
other performance enhancements.

Pronghorn Solutions 
Denver, Colo. 
(303) 770-6643 
www.pronghorn-solutions.com

phase noise close to the carrier (< 300 
kHz) and stability of the synthesizer 
are directly related to the reference 
noise (see Figure 1).

In the PHS8500 synthesizer, the 
DDS is operated in a region that 
eliminates any spurious using special 
filtering and wave-forming circuits, 
to assure optimum performance. The 
DDS allows modulation (an option), 

s Fig. 1  PHS8500 phase noise measured at 10 GHz output.

a limited range of continuous sweep, 
phase coherent small-step switching 
and other characteristics that make 
the PHS8500 a very flexible synthe-
sizer. The DAS is used to achieve ex-
cellent close-to-carrier phase noise at 
all frequencies. Combining the three, 
the PLL assures broadband, quick 
switching; DAS assures close-to-
carrier phase noise that is essentially 

at the level of the 
reference source; 
and DDS provides 
extremely small fre-
quency step sizes, 
excellent modula-
tion capabilities and 
phase-coherent fre-
quency changes.

The PHS8500 
family enables a 
product or system 
design that starts 
in a laboratory to 
be transitioned 
to the field or the 
production floor 
seamlessly, with 
very low capital 
cost. The primary 

See us at EDI CON Booth 205
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TechBrief

are ever increasing. While the semiconductor process 
moves to advanced node technologies at 28 nm and 
below, traditional quasi-static extraction is not able to 
accurately model passives and interconnects. On the 
other hand, the 3D full-wave solvers in traditional RF/
microwave design tools lack speed and usability in the 
IC design flow. RFIC designers need a 3D full-wave 
EM simulation that combines both. IRIS is such a tool, 
providing 3D full-wave accuracy, allowing designers 
to quickly perform EM simulation without leaving the 
layout environment.
Xpeedic Technology  
Shanghai, China  
www.xpeedic.com

3D Full-Wave EM 
Simulation Without 
Leaving Virtuoso

X peedic RFIC Solutions is Xpeedic Technology’s 
flagship product for RFIC applications. It provides 
an RFIC passive extraction tool (IRIS), a fast PDK 

model generation tool (iModeler) and an RF passive PDK 
verification tool (iVerifier). RFIC Solutions is seamlessly in-
tegrated in Virtuoso with an accelerated 3D full-wave EM 
solver; this allows designers to stay inside Virtuoso to run 
EM simulations of passives and interconnect and back-an-
notate to their original circuit to examine the parasitic ef-
fects. Both distributed and multi-core parallelization tech-
nologies help RFIC engineers dramatically reduce time to 
market and R&D costs.

With the rapid growth of wireless and mobile com-
munications, the demands on RF connectivity ICs 
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Vertically integrated, with in-house 
proprietary ultra-high Q dielectric 
resonators and 3D electromagnetic 
(EM) modeling, MCV Microwave 
designs and manufactures their ultra-
narrowband filters and duplexers with 
precision and practicality. High Q and 
tight tolerance in both dielectric con-
stant, εr, and temperature coefficient, 
Tf, are important characteristics in 
achieving RF/microwave system per-
formance goals and maintaining sta-
bility over the operating temperature 
range.

 
MCV Microwave 
San Diego, Calif. 
www.mcv-microwave.com

Ultra-Narrowband 
Cavity Filters to Ku-Band

MCV Microwave offers high 
performance ultra-narrow-
band cavity filters and du-

plexers covering frequencies up to 13 
GHz. Typically, cavity filters are known 
for low insertion loss, tight frequency 
selectivity and broad spectrum re-
jection. MCV Microwave’s dielectric 
loaded, cavity bandpass filters and du-
plexers — BCCD and DCCD series, 
respectively — bring these desirable 
performance characteristics to a new 
height for the microwave engineering 
community.

One example of the BCCD series 
is a 7.8 GHz cavity bandpass filter with 
only a 2 MHz 3 dB bandwidth (0.03% 
Fc) and 30 dB rejection 10 MHz from 

the center frequency on both sides. An 
example of a DCCD series is a 2 GHz 
with a 6 MHz split cavity duplexer that 
has a 3 MHz 3 dB bandwidth (0.1% 
Fc) with 60 dB rejection 1.5 MHz away 
from either band edge between the 
two passbands and 40 dB rejection 5.5 
MHz away from the lower and higher 
band edges. These are offered in very 
compact packages: 2" × 1" × 0.5" for the 
BCCD cavity bandpass filter and 12" 
× 10" × 1.5" for the DCCD cavity du-
plexer.

In addition to cavity filters and du-
plexers, MCV offers dielectric resona-
tors (DR) and DR loaded cavity filters 
for high power LTE and public safety 
base stations.
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Microwave Absorbers  
For Cavity Suppression and 
Free Space Applications

C-RAM™ RF/Microwave Absorbers
Featuring a newly designed C-RAM™ RF Problem Solver Kit

C-RAM™ Anechoic & Free-Space materials
C-RAM™ Turn-key Anechoic & EMC Chamber Design and Installation
C-STOCK™ Low Loss Dielectric Materials

Custom Formulations and Custom Fabrication Available

PPG Aerospace- Cuming Microwave is an ISO 9001:2008 and 
AS9100:2009  global manufacturer of materials that 
absorb EMI/RFI between 10 MHz – 100 GHz 

Product Lines

264 Bodwell  Street,  Avon, MA, USA  • 508-521-6700 •  cmcsales@ppg.com • cumingmicrowave.com

Visit us at EDI CON 2016 – Boston, MA - Booth #624
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EDI CON USA Promises a 
Technical Program That 
Tackles Real-World Challenges
Janine Love, Microwave Journal Contributing Editor

2016

With a proven record of success in China, EDI CON 
will launch its first EDI CON USA conference in 
the U.S., September 20-22 at the Hynes Conven-

tion Center in Boston, Mass. This conference is a unique 
one in the U.S., as it brings together RF/microwave, EMC/
EMI and high-speed digital designers in one location for 
educational training, product information and network-
ing opportunities. 

What does it mean for conference attendees? Peer 
reviewed presentations across nine tracks, workshops 
and trainings directly from the experts, short courses 
designed to delve deep into topics critical to today’s RF/
microwave and high-speed system designers, panels on 
topics such as 5G and connected automobiles, a plenary 
session and featured keynotes designed to bring you 
the latest technical information. In addition, attendees 
can visit with 130+ vendors on the exhibition floor, par-
ticipate in speed trainings, see demonstrations and ask 
questions of their peers during the poster session.

CONFERENCE PROGRAM
EDI CON USA features a robust technical program, 

packed with 60 30-minute technical sessions featuring 
peer reviewed presentations, 27 workshops, 10 spon-
sored talks, 4 short courses, featured keynotes, panels, a 
plenary session and an all-day “RF Back to Basics” semi-
nar. The technical program is designed to give confer-
ence attendees an opportunity to hear from and interact 
with experts in their fields, addressing immediate design 
concerns with technologies that are available now.

The technical program sessions cover the following 
tracks: Radar/Defense, 5G Advanced Communications, 

Signal Integrity/Power Integrity, RF/MW Design, Sys-
tems, Measurement, Modeling, IoT, and RF/MW: Am-
plifiers. Highlights from the technical program include 
“Simulation of Beamforming by Massive MIMO Anten-
nas in Dense Urban Environments,” presented by Greg 
Skidmore, director of Propagation Software & Govern-
ment Services at Remcom, which promises to present a 
new predicative capability for simulating massive MIMO 
antennas and beam forming in dense urban propagation 
environments. Dan Orban of Orban Microwave Systems 
will give an “Introduction to Patch Antennas,” where he 
aims to provide attendees with the knowledge and tools 
to confidently discuss antenna design requirements as 
well as attempt basic designs them-
selves.

The program also includes two 
featured keynote speakers. Dr. James 
Komiak, BAE Systems Global Engi-
neering/Scientific Fellow at Electronic 
Systems in Nashua, N.H., will lead off 
the RF/MW Amplifiers Track with a talk 
on “Microwave and Millimeter Wave 
Power Amplifiers: Technology, Applications, Benchmarks 
and Future Trends,” where he plans to cover principles of 
operation, structures, characteristics, classes of operation 
and device state-of-the-art benchmarks. In another fea-
tured keynote, “Invisibility Cloaks and Deflector Shields: 
Disappearing at Microwave’s Frontiers,” Dr. Nathan Co-
hen will provide an introduction to a fractal-based ap-
proach, showcasing a microwave demonstration which 
he hopes will provide motivation for attendees to learn 
more about this exciting technology.

See the online  

technical  

program for a  

full listing of  

presentations
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in 1 Day” hands-on training which begins in 
the Frequency Matters Theater and then ex-
pands onto the show � oor.  Later that day, 
Joe Mazzochette of Eastern OptX will pres-
ent on the development of the NASA Air-
borne and Satellite-based Snowpack Mea-
surement (ASSM) capability, which makes 
use of radar test systems. 

On Thursday, Frequency Matters Theater 
goers can see a presentation on “Ham Ra-
dio – the Original Social Network,” by long-
time HAM and former ADI employee Doug 
Grant as well as a look at landmine detec-
tion applications using “Vivaldi Antennas 
for Ground Penetrating Radar,” by Skander 
Chaouch-Bouraoui. Fans of Pat Hindle and 
Gary Lerude’s “Frequency Matters” pro-
gram can get a chance to see the stars live 
as they present episodes from the Frequen-
cy Matters Theater on both Wednesday and 
Thursday.

PLENARY SESSION
On Tuesday, September 20 at 4:30 p.m., 

EDI CON USA will hold its plenary session, 
which will include introductory remarks by 
the EDI CON USA 2016 Honorary Chair, Dr. 
Eli Brookner, and include a talk by Tom Siki-
na, Raytheon IDS Electrical Design Director-
ate, staff principal engineering fellow, that 
traces “Innovation in Phased Arrays: Past, 
Present and Future.” 

Sikina will be joined on the plenary 
stage by Todd Cutler, vice president and 
general manager of Keysight Design & Test 
Software, who will address both the high-
frequency and high-speed digital designers 
at EDI CON USA, offering insight into how 
emerging trends in high-frequency and 
high-speed design are driving a revolution 
in the design and measurement industry.  
Rohde & Schwarz’s Faride Akretch will dis-
cuss how to “Continue the Innovation To-
wards Next-Generation Technologies”,  and 
National Instruments Jin Bains, VP of RF 
R&D, will re� ect on “Tomorrow’s Wireless: 
How 5G, 802.11ad, and the IoT is Shaping 
the Future of Wireless Technology.” Be sure 
to join us at 4:30 p.m. for this plenary ses-
sion, and then conference pass holders can 
head over to the welcome reception at Fen-
way Park (badge and ticket required; tickets 
will be given to conference pass holders 
that check in on Monday or  Tuesday).

The EDI CON USA technical program 
team and Technical Advisory Committee 

aimed to create a program 
that speaks to the practical 
needs of engineers work-
ing on high-speed and/or 
high-frequency designs. 
We hope you will join us 
in Boston September 20-
22, 2016. Come, share your 
insights with your peers, 
and plan to leave enriched 
with new ideas, skills and 
tools for success. See you 
in September!

On Thursday afternoon, conference at-
tendees can select among four short cours-
es presented by acknowledged leaders in 
their respective � elds. Dan Swanson of SW 
Filter Design, will present “Intuitive Micro-
wave Filter Design with EM Simulation”; Eli 
Brookner, formerly of Raytheon, will pres-
ent “Basics, Advances, & Breakthroughs 
in Phased-Arrays, Radar and MIMO”; Ken 
Wyatt of Wyatt Technical Services LLC, will 
present “Radiated Emissions - Product Eval-
uation and Pre-Compliance Testing“; while 
Steve Sandler of Picotest and Heidi Barnes 
of Keysight will present “Fundamentals 
of Power Integrity.” These courses are de-
signed to delve deep into the current techni-
cal understanding behind these four topics, 
providing attendees with techniques and in-
sights that they can immediately apply after 
leaving the course.

EXHIBIT HALL
The exhibit hall opens on Tuesday at noon, 

and will be home to more than 130 exhibitors 
from the RF, microwave and high-speed digi-
tal markets. Conference pass holders as well 
as free expo pass holders can see the latest 
products, demonstrations and booth pre-
sentations on the show � oor, as well as take 
in the presentations in the Frequency Mat-
ters Theater (mentioned below), visit with 
authors and network with peers during the 
poster session held on Tuesday from 2-4 p.m. 
The show � oor is also home to a demonstra-
tion area, which will showcase unique, live 
demonstrations of some of the latest elec-
tronic technologies. And, it will also host the 
new Signal Integrity Zone, a place for high-
speed digital designers to meet, network, 
and see some of the latest demonstrations 
from vendors working in signal integrity 
and power integrity. The exhibit hall will also 
be home to numerous networking coffee 
breaks, lunch concessions plus a happy hour 
on Wednesday.

SHOW FLOOR TRAINING
Attendees who choose to only take a 

free Expo pass will also bene� t from some 
technical program content, as EDI CON will 
include programs and presentations dur-
ing the exhibition in the Frequency Matters  
Theater.  Con� rmed programming on Tues-
day, September 20 includes: “Forensic Anal-
ysis of Closed Eyes,” presented by Dr. Eric 
Bogatin, renowned signal 
integrity expert, and “Best 
Practices for Signal Integ-
rity during PAM4 Functional 
Test,” by Gordon Vinther, 
CTO and founder of Ardent 
Concepts. 

On Wednesday, attend-
ees can spend a few hours 
learning the basic theory 
behind modern digital radio 
and RF circuits by partici-
pating in Dr. David Ricketts’ 
“From Bits to Waves: Build-
ing a Modern Digital Radio 
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Exhibition Hours
Tuesday, September 20: 

12:00 p.m. - 6:00 p.m.

Wednesday, September 21: 

10:00 a.m. - 5:00 p.m.

Thursday, September 22: 

10:00 a.m. - 3:00 p.m.
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At TRM Microwave, we partner with your team 
to engineer innovative, custom designs for every 
project’s unique needs.
 
Since 1970, Military, Space and Commercial 
Industries have relied on TRM’s ingenuity for 
nnumerous program applications. 

We are committed to continuous service over the 
lifecycle of every part, project, and idea we complete.

ISO 9001:2008 Certiied
Custom Passive RF Components Since 1970.

Proud to be a Woman-Owned Small Business

info@TRMMicrowave.comApps Engineering Support Line 888.677.6877www.trmmicrowave.com

Let’s Start Something. 

Take your next project to soaring heights.

Power Dividers  Couplers  Quad Hybrids  Beamformers  High Power  Milliwatts - Kilowatts
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2016
Tuesday, September 20, 2016

Room 201 202 203 207 208 209

8:00 - 5:00 On-Site Registration

General Technical Sessions

Signal Integrity/
Power Integrity 

Track
Modeling Track RF/MW:  

Amplifiers Track
Measurement 

Track

5G/Advanced  
Communications 

Track

RF/Microwave 
Design Track

9:30 - 10:00

TU_101: Signal Integrity  
Characterization of 40 GHz 

Bulk Cable Clamp Test 
Fixtures (16)  

M. Witte, Harting KGaA 

TU_102: Which Model 
is Best? Comparing DPD 

Models for  
Mobile Handset PA  
Linearization (96)  

B. Glass, NI

 FEATURED KEYNOTE:   
Microwave and Millimeter 

Wave Power Amplifiers: 
Technology, Applications, 
Benchmarks and Future 

Trends (31)  
James Komiak,  
BAE Systems

TU_104: Testing Global  
Navigation Satellite  

Systems (GNSS) Devices 
(59)  

L. Wilson, R&S

TU_105: 5G Modulation 
Scheme Candidates - 

Spectrum and Modulation 
Measurements (47)  

K. Sander, R&S

TU_106: Optimizing the  
Analog Interface for Multi-

GSPS ADC System (22)  
B. Sam, ADI

10:10 - 10:40

TU_201:  Practical Model 
of Conductor Surface 

Roughness Using Cubic 
Close-Packing of Equal 

Spheres (64)  
B. Simonovich,  

Lamsim Enterprises Inc.

TU_202: Conductor Profile 
Structure Effects on Propa-

gation in Transmission 
Lines on Extremely Low 

Loss Circuit Laminates (82)  
A. Horn, Rogers Corp.

TU_203: A 1-Kilowatt 
Power Amplifier for 

SAR Remote Sensing in 
P-Band (68)  
J. Walker,  

Integra Technologies Inc.

TU_204: Calibration and 
Measurement of Terahertz 

Applications up to 500 
GHz (53)  

V. Herrmann, R&S

TU_205: Simulation of 
Beamforming by Massive 
MIMO Antennas in Dense 
Urban Environments (90)  
G. Skidmore, Remcom

TU_206: Multimode 
Extractor and Converter for 
Monopulse Tracking System 

for mmWave Satellite 
Tracking (73)  
A. Pandey,  

Keysight Technologies

10:50 - 11:20
TU_301: Building an Algorithm  

in FPGA to Detect Abnormal 
Events in Electrical Signals (32) 

R. Azevedo, NI

TU_302: High-Speed and 
Wideband On-Wafer Load 
Pull for Model Extraction, 
Validation and Design (70)  

G. Simpson,  
Maury Microwave Corp.

TU_303: 50 nm MHEMT  
Technology for Ultra- 
Sensitive Low Noise  

Amplifiers (102)  
P. Smith, BAE Systems

TU_304 Atomic  
Microwave Receiver (79)  

D. Stack, MITRE

TU_305: Co-Designed 
CMOS Based  

Antenna Modules for 5G 
Radio Nodes (55)  
C. Scholz, R&S

TU_306: An Introduction to 
Patch Antennas (39) 

D. Orban, Orban Microwave

11:30 - 12:00

TU_401: A Novel Approach  
for Modeling and  

Co-Simulation of FPGA Base 
Package and Board (86)  
S. Surender, Cadence

TU_402: Easy and Effective 
Methods to Generate 

Substrate Stack-Up Files 
for Accurate EM Simulation 

(103)  
C. Kalluru,  

Keysight Technologies

TU_403: Amplifier  
Measurements Using  
Non-CW Stimulus (62)  

F. Ramian, R&S

TU_404: Broadband Sensing 
and Measurement of RF 

Power  (23)  
E. Nash, ADI

TU_405: Overview of 5G: 
Addressing the Require-

ments of Next Generation 
Wireless Communications 

Systems (85)  
D. Hall, NI

TU_406: AlGaAs mmW PIN 
Diode Switch: A New  
Benchmark for Power  

Handling (15)  
T. Boles, MACOM 

12:00 - 2:30 Lunch Break & Dedicated Exhibit Time - Exhibition Floor

Workshops and Panels Sponsored Talks

1:30 - 2:10
WS_TU103: GaN Power 

Amplifiers in Mobile  
Communication Systems 

(117) ADI

WS_TU104: Spectrally Agile  
RF Subsystems: Utilizing  
OpenRFM, a Scalable,  

Modular, and Interoperable 
Open RF Architecture (138)  

Mercury Systems

WS_TU105: 5G Vision and  
Enabling Technologies (7)  

Keysight Technologies

CT_TU106 (2 papers): Three 
Technologies That Can Make 

or Break Your Spectrum 
Monitoring System (145), NI 
& Designing of Wideband  

High-Efficiency PAs Through 
Advanced Load-Pull  
Simulation (42), NI

Exhibit 
Hall 
open  
12 - 6 
p.m.

2:20 - 3:00

WS_TU202:  
3D Electromagnetics and 
the Validation Continuum 

(109)  
Mentor Graphics

WS_TU203: Techniques and 
Challenges in Designing  

Wideband Power Amplifiers 
Using GaN vs. LDMOS (122) 

NXP

WS_TU204: Fundamentals 
of Wideband Signal 

Generation: 
Going Beyond the Banner 

Specs (133)   
R&S

WS_TU205: Massive MIMO 
Technology Insights and  

Challenges (8)  
Keysight Technologies

CT_TU206 (2 papers):   
Advances in RF Design En-
ablement for Wireless and 

Wireline ICs (40), Tower Jazz 
&  RF Technical Innovations 
that Improve System Signal 
to Noise Ratio and Reduce 
Intermodulation Distortion 

(105), IDT

3:00 - 3:30 Coffee Break: Exhibition Floor

Poster 
Session: 
Exhibition  

Floor  
3 - 4 p.m.

3:40 - 4:20

WS_TU202: Hybrid 
Beamforming for Wireless 
Communication Systems 

(129)  
Mathworks

WS_TU304: PCB Material 
Design Choices and  

Their Impact on  
Thermal Management 

(140)  
Rogers Corp.

PA_TU305: PANEL:  
Designing and Testing 5G 

Components/Systems Today

CT_TU306 (2 papers): Get 
Ready for mmWave in  
Production Test (89), NI  

& Techniques for Extending  
Microwave Frequency 

Instruments for mmWave 
Measurements (136), NI

4:30 - 6:00 Plenary Session: Room 302/304

7:00 - 10:00 Welcome Reception for Conference Attendees (Badge & Ticket Required)



MWJ/APLITECH/HOT/0816

 

 
PLEASE VISIT US AT EDI CON  2016 ‐ BOOTH  710 

FREQ. 
(GHz) 

POUT 
@PIN  
‐3 dBm 

Gp 
@PIN 
‐3 dBm 

PAE 
@PIN  
‐3 dBm 

0.8  50.51  53.52  32.30 
1.0  51.50  54.12  41.20 
1.2  50.92  53.92  45.44 
1.4  50.02  52.81  45.98 
1.6  50.60  52.89  38.23 
1.8  50.40  52.64  33.54 
2.0  50.10  52.90  32.21 
2.2  51.22  52.94  34.33 
2.4  50.21  51.76  32.41 
2.6  50.11  51.98  33.10 

800 - 2600 MHz 
100W  
Power 

Amplifier 

 2-18 GHz EW / 
ECM / IFM High 
Gain Limiting 

Amplifier 

Typical N.F. < 4 dB 
High Gain (80 dB) 
Gain Flatness < ± 2.5 dB 
+20 dBm PSat 
Low Harmonic Distor-
tion with Two-tone input 
signals up to +10 dBm 
Internal DC Regulator  
Reverse Voltage Protec-
tion 
MIL-883, MIL-45208 con-
struction & reliability 

WORLD  CLASS HIGH GAIN (AS HIGH AS 65 dB) SATCOM LNAs WITH UNSUR-
PASSED NOISE FIGURE (AS LOW AS 30K) & INPUT RETURN LOSS PERFOR-
MANCE (AS LOW AS 17 dB) FOR USE WITH: 
 

 GPS, RADAR, MILITARY, TELECOM,  & SATELLITE DOWNLINKS

L-Band LNA w/ WR650  
waveguide 

Weather-proofed & Painted 
FINAL Product Depending 
on Customer Preferences 

 X-Band LNAs w/ WR112 
waveguides & Ku-Band 

LNAs w/ WR75 waveguides. 

Stay with the leader in Perfor‐
mance, Quality, and Pricing. 

Avoid delays with cheap imita‐
�ons. Only A�PLITECH has the 
LOWEST NOISE FIGURES in the 
industry with proven results 

and history! 

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=129&exitLink=mailto%3Ainfo%40amplitechinc.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=129&exitLink=http%3A%2F%2Fwww.amplitechinc.com
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Wednesday, September 21, 2016

Room 201 202 203 207 208 209

8:00 - 5:00 On-Site Registration

General Technical Sessions

IoT Track
Signal Integrity/ 
Power Integrity 

Track
RF/MW Design Track Modeling Track Systems Track Measurement 

Track

9:00 - 9:30

WE_101: Maximizing  
Wireless Communications 

Energy Efficiency (45)  
E. McCune,  

Eridan Communications

WE_102: High-Speed Signal 
Integrity Measurements (52)  

V. Herrmann, R&S

 WE_103: State-of-the-Art 
RF Design Technique for RF 
Switches to Maintain Near 
Constant Impedance When 

Switching RF Ports (101)  
M. Schrepferman, IDT

WE_104: In-Situ Antenna/
Circuit Simulation for Scanned 

Antenna Arrays (41)  
J. Dunn, NI

WE_105: Planar Active  
Antennas: Approaches to  

Scaling to Higher Frequency (88)  
D. Carlson, MACOM

WE_106:  Amplifier 
Testing with Envelope 

Tracking  
Technology (60)  
L. Wilson, R&S

9:40 - 10:10
WE_201: The IoT for  
Connected Soldiers &  

Battlefield Security (38)  
L. Salman, ANSYS

WE_202: DDR4 and LPDDR4 
Bus Level Signal Integrity 

Insight (24)  
J. Grosslight,  

Keysight Technologies

WE_203: The MATRICs RF-
FPGA in 180nm SiGe-on-SOI 

BiCMOS (97)  
G. Flwelling, BAE Systems

WE_204:  Hierarchical Chip/
System/Board Modeling With 

Circuit/EM  
Co-Simulation (43)  

J. Dunn, NI

TU_205: Design &  
Implementation of Visible 

Light Wireless Communication 
System for Audio Applications (1) 

A. Abousaada, 
Suk Ajoumaa Higher Institute

WE_206: Wideband 
Satellite Component Test 

Challenges (21)  
K. Cassacia,  

Keysight Technologies

Exhibition 
10:00 a.m. - 

5:00 p.m.

10:20 - 10:50 Coffee Break - Exhibition Floor

IoT Track
Signal Integrity/ 
Power Integrity 

Track
RF/MW Design Track RF/MW: 

Amplifiers Track Systems & SI Tracks Measurement 
Track

10:50 - 11:20
WE_301: Coexistence Testing 

in the World of IoT (57)  
L. Wilson, R&S

WE_302: Chip, Package and 
PCB Co-Design (111)  

R. Myers, Mentor Graphics

WE_303: Time Domain Gating 
of Microwave Component 
Responses Using Analog 

Techniques (77)  
T. Reeves, MathWorks

WE_304: 12 W, 2 to 18 GHz 
GaN on Diamond, MMIC with 

Embedded Cooling (99)  
C. Creamer, BAE Systems

WE_305: Evaluating Waveform 
Coexistence for 5G, Wireless and 

Radar Applications (11)  
G. Jue, Keysight Technologies

WE_306: Phase-Coherent 
Vector Signal Analyzer 

Systems for MIMO  
Applications (81)  
V. Fernandez, NI

11:30 - 12:00

WE_401: Multi Physics  
Simulations of an Energy 

Efficient IOT-Based Smart Home 
(37)  

C. Blair, ANSYS

WE_402: Leveraging SerDes 
Design Flows for AMI Model 

Development (114)  
T. Westerhoff, SiSoft

WE_403: Characterization and 
Modeling of High Q Dielectric 

Resonator Loaded  
Cavity Design for RF/Micro-

wave Oscillators (107)  
E. Liang, MCV Microwave

WE_404: Designing for 
Maximum PA Efficiency Using 

CAD Transistor Waveform 
Optimization (118)  

R. Pengelly,  
Prism Consulting NC

WE_405:  Probe Loading 
Effects on Common High Speed 

Signals (63)  
J. Bartlett, Tektronix

11:30 - 1:00 Lunch Break & Dedicated Exhibit Time - Exhibition Floor

Workshops and Panels Sponsored Talks

1:00 - 1:40
WS_WE103: Practical Antenna 
Design for Advanced Wireless 

Products (44)  
NI

FEATURED KEYNOTE:  
Invisibility Cloaks and  

Deflector Shields:  
Disappearing at Microwave’s 

Frontiers (135)  
Nathan Cohen,  
Fractal Antenna

WS_WE105: The Communica-
tion System Architect’s Guide to 
5G Physical Layer Modeling (9) 

Keysight Technologies

CT_WE106 (2 papers): 
Next Generation Inter-
connect Cabling (95), 

Southwest Microwave & 
Simulation Apps Provide 
Unlimited Ways to Opti-
mize Numerical Models 

(139), COMSOL

1:50 - 2:30

WS_WE202: Overcoming the 
Evolving Test and  

Measurement Requirements of 
IoT Devices (143)  
Copper Mountain

WS_WE203: Fundamentals of 
Vector Network Analyzers (126)  

R&S

WS_WE204:  
From Wave-Based Load-Pull to 
Behavioral Nonlinear Models 

(123)  
ElectroRent

WS_WE205: A Flexible Testbed 
for 5G Waveform Generation & 

Analysis (10)  
Keysight Technologies

CT_WE206 (2 papers): A  
Programmable Delay Line? 
What’s That? (127), Colby 
Instruments & Non-Linear 
and Noise Modeling of a 
0.15um GaN Die Family 

(20) Modelithics Inc.

2:40 - 3:20
WS_WE302:  

Test Soutions (141)  
Mini Circuits

WS_WE303: Minimizing 
Uncertainty in Noise Figure 

Measurements (80)  
NI

PA_WE103: Panel:  
Not Your Father’s Oldsmobile: 

The Connected Car (144)

WS_WE305: 5G mmWave 
MIMO Channel Sounding (12)  

Keysight Technologies

CT_WE306 (2 papers): 
Crest Factor as a Figure of 
Merit for Communication 

Amplifiers (150)  
M. Diessner, Wireless 

Telecom Group and  
Additive Manufacturing 

Techniques for the Produc-
tion of RF Components 

(151) Microwave  
Development Labs

3:30 - 4:10 Dedicated Exhibition Time

4:00 - 5:00 Happy Hour - Exhibition floor

5:00 - 8:00 Geek A Palooza Reception (separate registration required) www.ediconusa.com/registration.asp

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=130&exitLink=http%3A%2F%2Fwww.ediconusa.com%2Fregistration.asp
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HUBER+SUHNER AG 9100 Herisau/Switzerland
HUBER+SUHNER INC. Charlotte NC 28273/USA

High Density, High Reliability 
HUBER+SUHNER‘s multi-coaxial high-speed digital interconnect solution services frequencies up to 65 GHz 
and offers effortless single-channel replaceability. Utilizing HUBER+SUHNER‘s patented solderless connector 
termination technology in combination with the MIL-standard SMPM connector interface, HUBER+SUHNER‘s 
multiport solution offers robust high-performance connectivity in a scaleable, ultra-high density package. 

With proven performance in extreme environments and the industry‘s tightest solderless cable bend radius,  
let HUBER+SUHNER service your next high-density coaxial board-to-panel and panel-to-panel  needs. 

› aerospacedefense.hubersuhner.com

MWJ_August_HSDT_198x273mm.indd   1 12.07.2016   21:29:34
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Thursday, September 22, 2016

Room 200 202 203 207 208

8:00 - 3:00 On-Site Registration

All Day Seminar RF/Microwave 
Design Track Measurement Track Radar/Defense Track Signal Integrity/Power 

Integrity Track

9:00 - 9:30

RF BACK TO BASICS 
Seminar, Keysight Technologies 
(Separate Registration Required)

TH_102: Reaching New Heights in 
Mixer Linearity with GaN MMIC 

Technology (115)  
C. Trantanella, Custom MMIC

TH_103: Impact of Test Equip-
ment Calibration on Power 

Amplifier Characterization (34)  
M. Manaloto,  

Keysight Technologies

TH_104: Advances in Kilowatt 
UHF Radar Power Amplifiers 

With RF GaN Transistors 
Operating at 150 V (17)  

J. Walker, Integra Technologies

TH_105: How to Evaluate the Signal  
Integrity Performance for Your High  

Bandwidth Real-Time Oscilloscopes (30)  
M. Chong, Keysight Technologies

9:40 - 10:10
TH_202: Software Controlled 

Narrowband Tunable Bandpass 
Filters for UHF Receivers (74)  

Y. Yigit, ASELSAN Inc.

TH_203: Simplifying Phase  
Coherent Signal Generation (58)  

L. Wilson, R&S

TH_204: 24 GHz Radar  
Technology Enable Next 
Generation Sensors (18)  

P. Walsh, ADI 

TH_205: Using VNAs as a Tool  
for Signal Integrity in High Speed  

Digital Systems (35)  
T. McCaig, Anritsu

Exhibition 
10:00 a.m. - 

3:00 p.m.

10:20 - 10:50 Coffee Break - Exhibition Floor

11:00 - 11:30
TH-303: Considerations  

for ADC Testing (61)  
L. Wilson, R&S

TH_304: Automotive Radar  
Systems - Radio Testing in the 

E-Band (50)  
K. Sander, R&S

TH_305: Modeling Ferromagnetic 
Components in Voltage Regulation 

Modules (VRM) (3)  
C. Warwick, Keysight Technologies

11:30 - 1:00 Lunch Break & Dedicated Exhibition time - Exhibition Floor

Workshops & Short Courses

1:00 - 1:40

RF BACK TO BASICS Seminar, 
Keysight Technologies  

(Separate Registration Required)

WS_TH102: Introduction to 
802.11ax: High Efficiency 

Wi-Fi (83)  
NI

WS_TH403: A Single EM 
Simulation Tool for Integrating the 
Many Aspects of New Electronics 

Product Design (125)  
CST

WS_TH404: Highly Integrated 
Antenna Front-End Design for 
Radar, SATCOM and 5G (116) 

ElectroRent

1:50 - 2:30
WS_TH202: From VHF to 

Ka-Band: LTCC, A Suitable Yet 
Challenging Technology for Both 
Passive and Active Components 

(142)  
Mini-Circuits

WS_TH503: Electromagnetic 
System Modeling - Concept and 

Reality (66)  
ANSYS

WS_TH204: Analyzing 
Wideband Signals in mmWave 

Bands (134)  
R&S

2:40 - 3:20

3:20 - 5:00

SC_TH-602: Intuitive Microwave 
Filter Design With EM 

Simulation (36)  
D. Swanson 

SC_TH603: Radiated Emissions - 
Product Evaluation and  

Pre-Compliance Testing (67) 
K. Wyatt

SC_TH604: Basics, Advances & 
Breakthroughs in Phased-Arrays, 

Radar and MIMO (121)  
E. Brookner 

SC_TH605: Fundamentals of  
Power Integrity (106)  

S. Sandler & H. Barnes

Details in this conference matrix were correct at the time of going to press. They are subject to change. For up-to-date information visit www.ediconusa.com.

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=132&exitLink=http%3A%2F%2Fwww.ediconusa.com
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SemiGen brand:

Limiters 

PINs 

Beam Lead PINs 

Schottky Diodes 

Step Recovery Diodes 

Point Contact Diodes 

Capacitors Space Qualified 

Attenuator Pads 

Inductor Coils 

MIL-STD 883 Hybrid 
and PCB Assembly

Popular Bonding 
Supplies in Stock

Booth 505

A lack of skilled assemblers, mergers, acquisitions, device and 

bonding tool shortages… they can drive a program manager 

mad. Dial into our high quality services, components, and  

supplies today and be ready for whatever comes next.

Call or visit us to request device samples and pricing. 

603-624-8311   |   SemiGen.net

We saw it coming. 
Dial us in.

2016

Workshops & Exhibition

Get the Edge

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=133&exitLink=http%3A%2F%2FSemiGen.net
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EXHIBITORLIST

A.J. Tuck Company ........................ 705
Accel-RF Instruments ................... 428
Accurate Circuit Engineering ....... 221
Ad Tech Ceramics .......................... 326
AEM ................................................113
Agile Microwave Technology Inc. 210
Altair Engineering  ......................... 111
Amplical Corp. .............................. 612
AmpliTech Inc. ............................... 710
Analog Devices ............................. 409
Anokiwave ..................................... 208
Anritsu ........................................... 121
Anritsu-SI ZONE .............................SI8
ANSYS ........................................... 408
Applied Thin-Film Products .......... 328
AR RF/Microwave 
Instrumentation ............................ 606
ARC Technologies .......................... 613
Ardent Concepts ........................... 229
Artech House ................................. 302
AWR ............................................... 313
B & Z  Technologies ....................... 621
Barry Industries Inc. ...................... 610
Berkeley Nucleonics ..................... 622
Boonton ......................................... 712
BSC Filters ..................................... 720
CapeSym ....................................... 109
Centerline Technologies ................ 708
Colby Instruments .........................SI7
COMSOL Inc. ................................. 510
Copper Mountain Technologies ... 715
CST-Computer Simulation 
Technology AG .............................. 515
dBm Corp Inc ................................ 713
Dow-Key Microwave ..................... 720
Dynamic Engineers Inc. ............... 216
Dynawave Inc.  .............................. 607
Electro Rent Corp.  ........................ 615
EMSCAN ........................................ 320
Essco Calibration Laboratory ....... 228
Evans Capacitor Co.  ......................115
Focus Microwaves ........................ 312
Fractal Antenna Systems ............. 812
GEIB Re� ning Corp ....................... 214
GigaTest Labs ................................ 427
Gowanda Electronics .................... 704
High Frequency Electronics ......... 209
Holzworth Instrumentation .......... 504
Instec .............................................. 704
Integra Technologies ......................711

Integrated Device 
Technology (IDT) ........................... 213
International Manufacturing 
Services Inc. .................................. 223
Ion Beam Milling ........................... 620
IW Microwave Product Division .. 224
JFW Industries Inc. ....................... 509
K&L Microwave ............................. 720
Keysight EEsof EDA .......................SI2
Keysight Technologies .................. 321
L3 Narda - MITEQ ......................... 218
Lake Shore Cryotronics  ............... 327
Laser Services Inc ......................... 107
Lighthouse Technical Sales .......... 816
LPKF Laser and Electronics ...........511
MACOM ......................................... 309
Marki Microwave  ......................... 305
Marvin Test Solutions ................... 808
Massachusetts Bay Technologies . 105
Mathworks ..................................... 810
Maury Microwave ......................... 521
Mentor Graphics Corp .................. 527
Mercury Systems .......................... 826
Mician Inc ...................................... 725
MicroFab ........................................ 709
Microlab ......................................... 712
Microtech ........................................117
Microwave Communications 
Laboratories, MCLI ....................... 626
Microwave Development 
Labortories .................................... 329
Microwave Journal ....................... 201
Microwave Product Digest ........... 225
Microwave Products Group ......... 720
Millitech ......................................... 721
Mini-Circuits .................................. 215
Mitsubishi Electric US .................. 206
Modular Components National ... 605
MOSIS ............................................ 429
National Instruments  ................... 313
NexTek ........................................... 129
Noise XT ........................................ 727
Noisecom ...................................... 712
Noisewave ..................................... 612
Nuhertz Technologies LLC ............ 706
NXP Semiconductors ................... 714
Ophir RF Inc ................................... 529
Orban Microwave ......................... 820
Passive Plus Inc. ............................ 814
Pickering Interfaces ...................... 822
Pico Technology ............................. 729

Piconics Inc. ....................................211
Planar Monolithics 
Industries Inc ................................. 804
Polar Instruments ......................... 127
Pole/Zero ....................................... 720
PPG Aerospace-Cuming 
Microwave ..................................... 624
Presto Engineering ....................... 324
Queen Screw & Mfg. Inc. ............. 307
Reactel Inc. .................................... 404
Response Microwave Inc. ............ 604
Richardson RFPD .......................... 806
Rogers Corp. ................................. 405
Rohde & Schwarz .......................... 413
Semiconductor 
Enclosures Inc. .............................. 610
SemiGen Inc. ................................. 505
Signal Integrity Journal ................ 201
Signal Integrity 
Software Inc (SiSoft) ......................SI1
SignalCore Inc ............................... 707
Smith’s Microwave Subsystems .. 721
Sonnet Software ........................... 628
Southwest Microwave Inc. ........... 212
SV Microwave ............................... 308
SW Filter Design  .......................... 226
Synergy Microwave 
Corporation ................................... 306
Taconic ............................................611
TDK- LAMBDA Americas 
HP Division .................................... 525
TechPlus Microwave Inc. .............. 513
Tech-X Corp. .................................. 125
TECOM Industries ......................... 721
Tektronix Inc .................................. 506
Times Microwave 
Systems .............................. 204 & 207
TowerJazz ...................................... 523
TRAK Microwave .......................... 721
Transline Technology Inc. ............. 304
TTE Filters LLC .............................. 704
T-Tech Inc.  ..................................... 322
UltraSource Inc ............................. 824
UMASS Lowell ....................................
Weinschel Associates ................... 205
Wenzel Assoc. ............................... 528
Werlatone Inc. ............................... 508
Wireless Telecom Group ............... 712
X-Microwave ................................. 426
Yuetsu Seiki Co. Ltd. ..................... 227
Zentech Manufacturing ................ 406

These booth numbers are complete as of July 7, 2016. Exhibitors in red have an ad in this issue.
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Switching | Programmable Resistors | Instrumentation | Custom Design | Connectivity & Cables 

Pickering Interfaces
Learn More – Scan the QR Code 
or go to pickeringtest.com/radio

781-897-1710 | ussales@pickeringtest.com

Get the RF & Microwave Switching You Need for Your Application

DC to 65 GHz

Key Switching Topologies

Usable in PXI and Ethernet LXI Chassis

6 GHz Solid State

200+ RF & Microwave Modules

LED Indicators Available on Many Modules

Increase the Effi ciency of Your Test & Measurement System

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=135&exitLink=http%3A%2F%2Fpickeringtest.com%2Fradio
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=135&exitLink=mailto%3Aussales%40pickeringtest.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=135&exitLink=http%3A%2F%2Finfo.pickeringtest.com%2Frf-microwave-switching-solutions%3Futm
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AISLES xxx-xxx
PRODUCTSHOWCASE

2016

Massachusetts Bay 
Technologies	  Booth 105
Attenuator Chips

Massachusetts Bay Tech-
nologies’ aluminum nitride 
fixed attenuator chips are 
fabricated using its state-
of-the-art thin film process 
and advanced photolithog-

raphy technology. All devices are available in chip form 
with a metalized ground connection on the back. This 
ground is wrapped around on the four corners of the 
chip so additional ground bonding ribbon is not re-
quired. The chips may be attached using conductive 
epoxy or solder preform. Gold contacts on the input 
and output pads make assembly, using standard 
bonding equipment, fast and reliable. Custom values 
available on request.
www.massbaytech.com

CapeSym Inc.	  Booth 109
SYMMIC

Still waiting to learn how 
hot your newest design is? 
Stop waiting. Thermal 
analysis with SYMMIC 
frees you from dealing 
with complex geometric 

modeling, meshing and analysis packages. Easily as-
semble integrated circuits from pre-optimized analysis 
templates for the foundry process. Assemble MMICs 
into transmit/receive modules, and modules into sub-
systems. Analysis at any stage yields boundary condi-
tions for earlier stages to accurately calculate FET 
junction temperatures. SYMMIC facilitates both 
steady-state and transient analysis inside your existing 
RF design tools.
www.capesym.com

Altair Engineering 	 Booth 111
FEKO Software Tool

FEKO, part of the Altair Hy-
perWorks® suite, is a 
state-of-the-art computa-
tional electromagnetic 
simulation software tool 

that enables users to solve a wide range of electromag-
netic problems. Typical applications include analyses of 
horns, radiation patterns and hazard zones, wire, reflec-
tor, conformal, and broadband antennas, microstrip 
patches, arrays, antenna placement and design. Analy-
ses related to EMC (including shielding & cable cou-
pling), RCS (scattering problems), waveguide structures 
(RF components), SAR extraction (bio-electromagnet-
ics), and multiple dielectric layers (radomes) are also 
covered.
www.altair.com

AEM Inc. 	 Booth 113
Tin Whisker Mitigation Process

AEM’s Tin Whisker Mitiga-
tion process utilizing tin-
lead conversion with fu-
sion processing ensures 
system reliability for mis-
sion critical programs. 

AEM’s process is suitable for surface-mount chips, 
surface-mount molded body packages as well as other 
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The following booth numbers are complete as of July 6, 2016.
unique package styles. Components post tin-lead con-
version can then be screened to many MIL-STD and 
customer source control drawing test requirements.
www.aem-usa.com

Anritsu	  Booth 121, SI8
VectorStar VNAs 

For applications ranging 
from microwave compo-
nent testing to on-wafer 
device characterization, 
the VectorStar™ vector 

network analyzer family uses nonlinear transmission 
line (NLTL) technology to provide best-in-class perfor-
mance — and it’s only from Anritsu. Get the confi-
dence you need in every VNA measurement. Visit An-
ritsu’s Booth 121 and additional Booth SI8 in the 
Signal Integrity Zone at EDI CON USA.
www.anritsu.com/VectorStar

Tech-X Corp. 	 Booth 125
VSim

VSim is a high performance 
code using the FDTD meth-
od. VSim excels at solving 
large electromagnetic 
problems with complex 
materials. Also, VSim offers  

particle solutions for performing multipacting analysis 
and the solution of vacuum electron amplifiers such as 
klystrons and gyrotrons. In addition, VSim enables you 
to switch easily between 1, 2, or 3 dimensions to save 
time in performing your quick analysis.
www.txcorp.com/vsim

NexTek 	 Booth 129
Wideband Lightning and Surge 
Protection

NexTek is a leading manu-
facturer of coaxial RF surge 
arrestors for protection 
against lightning, HEMP/
NEMP and ESD energy. 
One of NexTek’s wideband 
solutions is the QWSNF-

NF0600 device, an always-on quarter wavelength 
shorted stub design which provides unmatched surge 
performance and toughness along with an ultra-wide 
RF passband. NexTek, experts in coaxial RF surge pro-
tection, designs and builds everything it sells in the 
U.S. and provides a 10-year warranty. Contact NexTek 
directly for selection help or samples.
www.nextek.com

Mitsubishi Electric Corp 	 Booth 206
Transistor Modules

Mitsubishi Electric Corp. 
commercially launched 
new silicon RF high-output 
metal-oxide-semiconductor 
field-effect transistor 

(MOSFET) modules capable of automatic mounting on 
printed circuit boards of professional radio equipment. 
High-power amps for professional radio equipment 
commonly are mounted on their cabinets with screws. 
Product features include first automatic-mounting 
MOSFET module in the 60 W output class, optimized 
circuit design reduces size, weight and power con-
sumption, and two module types available as a pair for 
professional radio equipment transmitters.
www.mitsubishielectric-usa.com

Anokiwave 	 Booth 208
Silicon Core ICs 

Anokiwave offers a family 
of silicon quad core AESA 
ICs at X- and K/Ka-Bands 
for 5G, commercial RA-
DAR, SATCOM and A&D 
markets. Anokiwave’s 
product portfolio of Si Core 

ICs and System-in-Package solutions allows its cus-
tomers the fastest-time-to-market possible, with ex-
pert systems engineering and optimal technology so-
lutions.
www.anokiwave.com

Agile Microwave  
Technology Inc. 	 Booth 210
Broadband 15 W Power Amplifier

Agile MwT’s new broad-
band 15 W power amplifier 
operating from 2 to 18 
GHz is offered in a bench 
top box or in a compact 
module configuration. 

AMT-A0350 provides Psat of 15 W with flat small sig-
nal gain of 43 dB typical, ±1 dB typical gain flatness 
with VSWR of 1.8:1 typical. The family of these PAs are 
competitively priced and ship from stock or short lead 
time. Agile MwT offers great value with some of the 
most innovative designs in the industry.
www.agilemwt.com

Southwest Microwave Inc. 	 Booth 212
SSBP High-Performance Multi-Port 
Cable Harnesses

Save space, reduce panel 
weight and size, and 
achieve greater bandwidth 
with Southwest Micro-
wave’s size 8, 12, 16 and 
20 SSBP coax contacts and 
cable harnesses to 110 

GHz for standard multi-port connectors such as 
D-38999, D-Subminiature or Micro-D. Combine RF/
microwave coax contacts of varying frequencies in one 
housing to optimize multi-functionality, packaging de-
sign flexibility and cost savings. Miniaturized packag-
ing offers increased density, improved survivability, 
easier servicing and a more compact footprint.
www.southwestmicrowave.com

Integrated Device  
Technology (IDT) 	 Booth 213
RapidIO Switches

Need to connect clusters of 
embedded processors in a 
peer-to-peer network? 
IDT’s portfolio of RapidIO 
switches delivers the ultra-
low latency and scalability 
for speeding the move-

ment and processing of data, meeting the needs of de-
manding applications like mobile edge computing, 
high-performance computing and data analytics. The 
company recently introduced its new 5G-ready RXS 
family of switches, with switching performance of up to 
600 Gbps in a single switch or 4.8 Tbps at rack scale.
www.idt.com/go/srio

PRODUCTSHOWCASE
AISLES 100-200
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Why do 10,000 customers trust Mini-Circuits 
test cables? Because they simply don’t fail!  Our 
test cables have been performance qualified 
to 20,000 flexures* and come backed by our 
6-month product guarantee**, so you can be 
confident you’re getting rugged construction, 
reliability, and repeatable performance you can 
depend on. Whether you’re performing production 

test, burn-in, over-temperature testing, hi-rel testing 
– you name it – chances are there’s a Mini-Circuits 
test cable for your application in stock, ready for 
immediate shipment. Order some for your test 
setup at minicircuits.com today, and you’ll quickly 
find that consistent long-term performance, less 
retesting and fewer false rejects really add up to 
bottom-line savings, test after test!

 from
 $68 95

ea. (qty. 1-9)

507 rev EEDI

up to 40 GHz!TEST CABLES

Mini-Circuits®

www.minicircuits.com    P.O. Box 350166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com

40 GHz
(KBL-Series)

Precision 75Ω
(CBL-Series)

Precision 50Ω
(CBL-Series)

Armored 
(APC-Series) Ultra-Flexible

(ULC-Series)

Flexible
(FLC-Series)

Precision VNA
Cables
(VNAC-Series)
 

Reliability You Can Trust…

* All models except VNAC-2R1-K+

**  Mini-Circuits will repair or replace your test cable at its option if the connector attachment fails within six months 
 of shipment. This guarantee excludes cable or connector interface damage from misuse or abuse.
† Various connector options available upon request. 

 Contact apps@minicircuits.com to discuss your special requirements.

 Model   Freq.      
 Family  Capabilities (GHz)         Connectors†   

 KBL  Precision measurement, including phase, through 40 GHz DC-40 2.92mm  

 CBL- 75+ Precision 75Ω measurement for CATV and DOCSIS® 3.1 DC-18 N, F
 CBL  All-purpose workhorse cables for highly-reliable, precision 50Ω   
    measurement through 18 GHz DC-18 SMA, N

 APC  Crush resistant armored cable construction for production floors  
    where heavy machinery is used DC-18 N

 ULC  Ultra-flexible construction, highly popular for lab and production test       
    where tight bends are needed DC-18 SMA
 FLC  Flexible construction and wideband coverage for point to point 
    radios, SatCom Systems through K-Band, and more! DC-26 SMA  
 VNAC  Precision VNA cables for test and measurement equipment through 40 GHz  DC-40 2.92mm 
      (M to F)

NEW!

Visit Booth 215
at EDI CON to enter!

Visit Booth 215 at EDI CON to enter!Visit Booth 215 at EDI CON to enter!Visit Booth 215 at EDI CON to enter!

507rev Ecable.indd   1 7/14/16   10:33 AM
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PRODUCTSHOWCASE
AISLE 200

Coaxial Triplexer Separates C-Band 
and L-Band Input Signals

Mini-Circuits’ ZTPL-4620+ 
is a coaxial (SMA) triplexer 
with a lowpass channel-1 
from 9.8 to 10.2 MHz, 
bandpass channel-2 from 
852 to 1872 MHz, and 
highpass channel-3 from 

3300 to 4620 MHz. This model is ideal for separating 
C-Band and L-Band signals on the common port and 
routing them non-interactively to separate output 
ports.  It also routes a 10 MHz reference signal on the 
fourth port to the common port.

Ultra-Thin, 4-Way, 0° Splitter/Combiner 
Accommodates Tight Layouts, 500 to 
3000 MHz

Mini-Circuits’ ZN4PD-33SMP+ is a 4-way 0° splitter/
combiner covering the 500 to 3000 MHz band with 
0.9 dB insertion loss, 22 dB isolation, 0.2 dB ampli-
tude unbalance and 3° phase unbalance. It handles up 
to 10 W RF input power as a splitter and 1.0A DC 
current (250 mA each port). The splitter comes in an 
ultra-thin aluminum alloy case measuring 3.10" × 
3.28" × 0.30" with blind mate SMP snap-on connec-
tors.

X4 Surface-Mount Multiplier 
Produces Output Signals from 3600 to 
4400 MHz

Mini-Circuits’ RKK-4-442+ ×4 frequency multiplier 
converts input frequencies from 900 to 1100 MHz into 
output frequencies from 3600 to 4400 MHz. This 
model achieves low conversion loss of 24.5 dB with 
high rejection of unwanted harmonics (F3, 23 dBc; F5, 
31 dBc). It provides RF input power range from +19 to 
+23 dBc, and comes housed in a miniature shielded 
surface-mount package (0.50" × 0.50" × 0.18").

www.minicircuits.com

2-Way, 0° MMIC Splitter/Combiner 
Covers 0.5 to 9.5 GHz in 5 × 5 mm 
Package

Mini-Circuits’ new 
EP2W1+ MMIC 2-way, 0° 
splitter/combiner offers an 
industry-leading combina-
tion of bandwidth and tiny 
size, covering applications 
from 0.5 to 9.5 GHz in a 

5 × 5 mm QFN. The splitter/combiner provides low in-
sertion loss (1 to 3.4 dB), 19 dB isolation, 0.1 dB am-
plitude unbalance and 3° phase unbalance. It handles 
up to 2.5 W RF input power as a splitter and has an 
ESD rating of HBM Class 2.

Wideband Surface-Mount Limiter, 30 to 
3000 MHz, +17 to +30 dBm

Mini-Circuits’ RLM-33H+ 
is a surface-mount limiter 
ideal for protecting sensi-
tive receiver circuitry from 
unwanted high-power sig-
nals. This model has a fre-
quency range from 30 to 
3000 MHz and input pow-

er range from +17 to +30 dBm. It provides low output 
power of +18 dBm, 0.2 dB ∆ output/1 dB ∆ input, 16 
ns recovery time, 0.23 dB insertion loss and 1.05:1 
VSWR. The unit measures 0.25" × 0.31" × 0.16".

Wideband Double Balanced MMIC 
Mixer Die, Level 15, 2200 to 7000 MHz

Mini-Circuits’ MDB-73H-
D+ is a wideband double-
balanced level 15 MMIC 
mixer die with an IF band-
width from DC to 1600 
MHz and LO/RF bandwidth 
from 2200 to 7000 MHz. 
This model provides 9 dB 
conversion loss, 46 dB L-I 
isolation, 35 dB L-R isola-
tion and good input/output 

return loss over its full frequency range without the 
need for external matching components. Available in 
gel-paks, partial and full production wafers.

Connectorized High-Pass Filter 
Provides Passband from 3800 to 6000 
MHz

Mini-Circuits’ ZFHP-3800+ 
is a connectorized high-
pass � lter with a passband 
from 3800 to 6000 MHz 
supporting a variety of 
transmitter/receiver appli-
cations. This model pro-
vides low passband inser-

tion loss of 1 dB, high stopband rejection of 27.3 dB, 
and RF input power handling of 2 W. The � lter comes 
housed in a compact aluminum alloy case (1.25" × 
1.25" × 0.75") with SMA connectors.

Mini-Circuits  Booth 215

Wideband MMIC Balun Covers 2000 to 
7000 MHz in 3 x 3 mm QFN

Mini-Circuits’ MTX2-73+ is a wideband MMIC balun 
transformer with an impedance ratio of 2:1 covering a 
wide range of applications from 2000 to 7000 MHz. 
Fabricated using IPD process technology, this model 
provides outstanding repeatability with 0.6 dB inser-
tion loss, 0.8 dB amplitude unbalance, 4° phase un-
balance, and RF power handling up to +34 dBm (2.5 
W). The unit comes housed in a 3 × 3 × 0.8 mm QFN 
package.

75 Ω MMIC Amplifi er Supports 
DOCSIS® 3.1 Bandwidth Requirements

Mini-Circuits’ PGA-122-
75+ is a 75 Ω MMIC am-
pli� er with a 40 to 1500 
MHz frequency range, sup-
porting a wide range of 
applications including 
DOCSIS 3.1 systems and 
equipment. This model 
provides 15.5 dB gain with 

±0.1 dB � atness, +43 dBm IP3, +54 dBm IP2, 21 dB 
reverse isolation and 2.9 dB noise � gure. It operates 
on a single 9 V supply and comes housed in a tiny SOT-
89 package.

USB/Ethernet Controlled High-
Sensitivity Power Sensors, 50 to 6000 
MHz, -45 to +10 dBm

Mini-Circuits’ PWR-6LRMS-RC is a USB/Ethernet con-
trolled power sensor for high-sensitivity measurement 
of CW, multi-tone and modulated signals over fre-
quencies from 50 to 6000 MHz with dynamic range 
from -45 to +10 dBm. The power sensor is provided 
with Mini-Circuits’ user-friendly GUI control software 
which provides measurement averaging, time-sched-
uled measurements, and multi-sensor support (up to 
24), as well as DLLs for 32- and 64-bit Windows® 
systems.
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FIRST to MARKET. 
FIRST in PRECISION.

To see how others have used our products to extend their reach visit:  
www.coppermountaintech.com/casestudies

EXTEND YOUR REACH
Compass Technology Group using  

R140 to measure reflection properties  
of EMI absorber materials

Compass Technology Group using 
R140 to measure reflection properties 

of EMI absorber materials

EXTEND YOUR REACH
Compass Technology Group using 

R140 to measure reflection properties 
of EMI absorber materials

US Patent 9,291,657

R60 (new)

R140

R54

Producing high-quality wireless components just got  a lot easier.  
Whether you are challenged with testing speed, ease of reporting  
or space constraints, our US Patent 9,291,657 no-test-cable-needed USB 
vector network analyzer Reflectometer Series is made for you. See our 
reflectometers during an EDI CON USA workshop September 21 at 1:50 PM 
or stop by booth 715. 

Reflectometer Series Specs:
   Frequency Range: 85 MHz – 5.4 GHz/14 GHz or 1 MHz - 6 GHz*

   Measured Parameters: S11

   Effective Directivity: ≤ 46 dB*

   Measurement Time: as low as 100 µs/pt*

   Measurement Points: 100,001         
    *depending on model

Booth: 715

2016

Workshops & Exhibition
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Size 8, 12, 16 and 20
Coax Contacts for Standard, 

Multi-Cavity Connectors
to 110 GHz save space and 

reduce panel weight and size.

Hi-Rel Connectors meet Space 
performance specs, exceed 
contact rotation retention 

requirements and offer materials 
traceability, single lot and 

process control.

www.southwestmicrowave.com

PERFORMANCE
Proven Interconnect

INNOVATION
Industry-leading

Low VSWR

Low Insertion Loss

Low RF Leakage

High Temperature

Rugged and Durable

Excellent Repeatability

See us at
EDI CON USA Booth #212

PRODUCTSHOWCASE
AISLES 200-300

Ardent Concepts  Booth 229
TR Multicoax Series

TR Multicoax series deliv-
ers superior signal integrity 
from multiple GHz chan-
nels. With a choice of 20 
GHz, 40 GHz or 70 GHz 
con� gurations, all using 
the same footprint, users 
can upgrade their connec-
tors as data rate require-
ments of their applications 

increase. TR is the highest-density high speed multi-
coax connector on the market. The interface is com-
pression-mount and can be reused across programs 
which drives lower total cost of testing by avoiding 
costly solder-down components, like SMAs, that can- 
not be recovered.
www.ardentconcepts.com

Transline Technology Inc.  Booth 304
RF/Microwave, Hybrid and Standard 
Printed Circuit Boards

Transline serves the RF, mi-
crowave, aerospace, de-
fense, medical and satellite 
industries among others, to 
create solutions for ever-
advancing concepts and 
designs. Features and ser-
vices include RF and micro-

wave applications, hybrid and exotic materials, over-
sized (large) PCBs, FEP bonding and fusion bonding, 
Rigi-Flex & Flex PCB, PCB thermal applications, heavy 
metal back PCB, PCB heat-sink manufacturing and 
lamination, photo chemical etching & RF shielding 
products. AS9100C certi� ed, ISO 9001:2008 certi� ed, 
ITAR registered, SBA SDB 8(a) certi� ed and JCP certi� -
cation (Cage Code: 3LRM5).
www.translinetech.com

Marki Microwave  Booth 305
T3 MMICs

Since 2013 Marki Micro-
wave has offered small 
form factor chip style dou-
ble balanced mixers such 
as the Microlithic® and 
MMIC lines of mixers that 
cover from 1 GHz to 67 
GHz. Now Marki is proud 

to introduce the new MT3 line of small form factor, 
high linearity mixers. These integrated mixers offer the 
high linearity (IP3, P1dB, spurious suppression) and 
low conversion loss of the T3, but with the size and 
production scaling bene� ts of a MMIC.
www.markimicrowave.com

Dynamic Engineers Inc.  Booth 216
Low Power, High Stability OCXO

Dynamic Engineers is now 
offering a new line of ultra 
low power, low noise, and 
highly stable OCXOs from 
Magic Xtal. The M037/14L, 
MX037/14 and MX037/8 
series feature a height pro-

� le as low as 8 mm with a frequency range of 8 to 300 
MHz. Typical warm-up time is 30 s and power con-
sumption is less than 180 mW. Stability over tempera-
ture can attain less than 1 ppb over -40°C to +85°C, 
and daily aging can reach less than 0.1 ppb per day.
www.dynamiceng.com

L3 Narda-MITEQ  Booth 218
Low Cost, Low Noise Fiber-Optic Link

L-3 Narda-MITEQ an-
nounced a new low noise 
� ber-optic link product, the 
SBL-3000. The SBL � ber-
optic transmitter and re-

ceiver was designed for customers looking for low 
cost, high performance � ber-optic links for analog and 
digital applications such as antenna remoting and in-
terfacility data links. The SBL-3000 components are 
plug and play with a frequency range of 10 to 3000 
MHz and 110 dB/Hz2/3 SFDR.
www.nardamiteq.com

Accurate Circuit Engineering  Booth 221
3D PCB

Accurate Circuit Engineer-
ing is proud to announce 
the � rst 3D PCB. Most 
printed circuit boards are 
2D and � at with a milled 
area or cavity. ACE using 

it’s unique routing, milling and beveling Technology 
has successfully produced a circuit board that actually 
has a 3D topography. There is nothing mounted or at-
tached to the PCB shown here it is all machined and 
plated at ACE. See this unique and exciting PCB tech-
nology at Booth 221.
www.ace-pcb.com

International Manufacturing 
Services Inc.  Booth 223
Partial Wrap Resistors

IMS’ partial wrap resistors 
are industry leaders in high 
frequency performance. 
However, they were only 
available in low power ver-
sions – until now. An-

nouncing the new IMS partial wrap resistors on alumi-
num nitride (AlN). These new AlN partial wraps offer 
the same excellent high frequency performance as 
their alumina counterparts combined with the superior 
thermal performance of AlN. Instead of trading-off 
high frequency performance for power handling, or 
vice versa, you can now have both. No frequency 
trade-off. No power trade-off. Request your sample 
today.
www.ims-resistors.com

2016
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Radiation pattern optimization SAR & OTA compliance  
verification

One Product - Multiple Solvers
Fully hybridized for optimal EM simulation efficiency

Learn more: altairhyperworks.com/FEKO

FEKO for Integrated Antenna Design

Using innovative solutions such as characteristic mode analysis (CMA) FEKO is the ideal tool for antenna virtual 
prototyping and design of multi-and broadband mobile phones, tablets, cameras, laptops and TV’s.

The integration into the HyperWorks suite provides users with the richest variety of multiphysics solutions –  
ranging from electromagnetic to structural, CFD and system-level simulation.

Join the thousands of Altair customers applying Simulation-driven Innovation to design the next generation  
of mobile devices.

Multiport antenna matching

See us at EDI CON Booth 111
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PRODUCTSHOWCASE
AISLE 300

Synergy Microwave Corp.  Booth 306
Phase Locked Ultra Low Noise Signal 
Sources

Synergy Microwave Corp. 
introduces a series of ultra-
low phase noise, � xed-fre-
quency, phase-locked DRO 
oscillators (PLDRO). The 
KSFLOD1280-12-1280 is a 
12.8 GHz � xed frequency, 
source which, when locked 

to a low noise reference at 1200 MHz, will deliver ex-
ceptional phase noise of -96 dBc/Hz at 100 Hz offset 
and -158 dBc/Hz at 10 MHz offset. This source is pack-
aged in a 2.25" × 2.25" module housing and includes 
lock alarm. Options are available to 15 GHz and ex-
tendable to 30 GHz.
www.synergymwave.com

SV Microwave  Booth 308
High Density, High Performance 
Precision Connections

Looking for subminiature 
high density, high perfor-
mance solutions? Check 
out SV Microwave’s com-
plete line of SMP, SMPM 
and SMPS products. Fea-
tures include Blindmate 
design for quick installa-

tion, COTS versions readily available, cable connectors 
for 0.047, 0.065, 0.085, conforms to MIL-STD-348, 
board mounts, edge launch, adapters, VITA 67, tape 
and reel packaging availablability, and DC to 40 GHz 
(SMP), DC to 67 GHz (SMPM), DC to 100 GHz (SMPS).
www.svmicrowave.com/products/search

MACOM  Booth 309
Octave Tuning VCO

MACOM introduces new 
10 to 20 GHz octave tun-
ing voltage controlled os-
cillator for the test and in-
strumentation market 
space. The MAOC-415000 

offers excellent phase noise performance, typically 
-100 dBc/Hz at 100 kHz offset. The part draws 70 mA 
total current from a 5 V supply, and operates over the 
tune voltage range 0 to 20 V. Output power is 3 dBm 
with excellent pushing and pulling performance. The 
MAOC-415000 is available in a 4×4 mm package and 
operates over the -40° to +85 C° temperature range.
www.macom.com

National Instruments  Booth 313
Second-Generation Vector Signal 
Transceiver

NI’s recently released sec-
ond-generation VST com-
bines a 6.5 GHz RF vector 
signal generator, 6.5 GHz 
vector signal analyzer, 
high-performance user-
programmable FPGA and 
high-speed serial and par-

allel digital interfaces into a single 2-slot PXI Express 
module. With 1 GHz of bandwidth, the latest release 
of the VST is ideally suited for a wide range of applica-
tions including 802.11ac/ax device testing, mobile/
Internet of Things device testing, 5G design and test-
ing, RFIC testing, radar prototyping and more.
www.ni.com

NI AWR  Booth 313
AntSyn™

AntSyn™ is an evolution 
in antenna design. A 
cloud-based, SaaS auto-
mated antenna design, 
synthesis, and optimiza-
tion tool, AntSyn operates 
on a “what you want is 
what you get” principle. 

The user inputs the antenna requirements rather than 
a (parameterized) physical design and the software 
produces antenna designs as outputs. AntSyn was de-
signed by antenna engineers to be used by all levels of 
experience, from experts to those who are relatively 
new to antenna design.
www.ni.com/awr

Focus Microwaves  Booth 312
RAPID Digital Tuner

The RAPID digital tuner is 
the heart of a precision, 
high-speed, load-pull de-
vice characterization sys-
tem. It has been developed 
by Focus’ UK subsidiary 
MESURO and is suitable 
for every phase of the de-

sign and production test cycle. This series of new digi-
tal tuner products provide performance, reliability and 
cutting edge features. The RAPID can be used as a 
stand-alone impedance synthesis and measurement 
system, or combined into a hybrid solution when 
paired with Focus’ MPT series harmonic tuners.
www.focus-microwaves.com
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ages in the X- through W-Band frequency ranges. 
AdTech’s manufacturing facility has a 45+ year history 
of designing, tooling and manufacturing multilayer 
ceramic packages and feedthroughs and includes a 
custom design center. The U.S. based company is 
AS9100C and ISO 9001:2008 certified.
www.adtechceramics.com

Lake Shore Cryotronics 	 Booth 327
Cryogenic Probe Stations

Lake Shore Cryotronics’ in-
dustry-leading cryogenic 
probe stations enable DC, 
RF or microwave measure-
ments at temperatures as 
low as 1.6 K and in fields 
to over 2 T for early-stage 

device research. Plus, Lake Shore is now offering on a 
pre-order basis, a new, unique THz probe arm option. 
Designed for precise on-wafer probing of millimeter 
wave devices at 75 to 110 GHz and 140 to 220 GHz 
frequencies, it allows calibrated S-parameter and oth-
er high-frequency measurements to be performed in a 
cryogenic environment.
www.lakeshore.com

Applied Thin-Film Products	 Booth 328
Microstrip Transmission Lines 
Engineering Kits

Applied Thin-Film Products 
(ATP) is pleased to offer 
new microstrip transmis-
sion lines engineering kits 
to help your bread-board-
ing needs with a cost ef-
fective solution. Engineer-
ing kits are readily 

available on .005" (0.127 mm), .010" (0.254 mm), 
.015" (0.381 mm), .020" (0.508 mm), .025" (0.635 
mm) thick ss-fired alumina. Each engineering kit con-
tains a variety of single transmission lines with or 
without tuning pads, in lengths of 0.50" (1.270 mm), 
.075" (1.905 mm), .100" (2.540 mm), .125" (3.175 
mm), .150" (3.810 mm), .200" (5.080 mm), .250" 
(6.350 mm) and .500" (12.700 mm).
www.thinfilm.com

Reactel Inc. 	 Booth 404
RF & Microwave Filter, Multiplexer and 
Multifunction Assembly 

Visit Reactel in Booth 404 
to see their latest RF and 
microwave filter, multiplex-
er and multifunction as-
sembly offerings. Their 

booth will feature high performance notch filters 
which are perfect for co-location interference issues. 
While speaking to Reactel’s engineers, be sure to in-
quire about their entire line of application specific 
surface mount, connectorized and high power filters 
covering up to 50 GHz.
www.reactel.com

EMSCAN	  Booth 320
ERX+

EMSCAN’s ERX+ enables 
the PCB and design engi-
neers to diagnose EMC/
EMI problems between 
150 kHz and 8 GHz. ERX+ 
provides 7 levels of resolu-
tion (110 microns to 7.5 
mm). Level 1 resolution 

(7.5 mm) allows the engineers to visualize the hot 
spots, current loops or intermittent problems) in real-
time. After locating the unintended radiators, engi-
neers can select the resolution level based on the 
density of their board design. The built-in spectrum 
analyzer turns ERX+ into a plug-and-play test system.
www.emscan.com

Keysight Technologies Inc. 	 Booth 321
5G Waveform Generation and Analysis 

Keysight’s 5G waveform generation and analysis test-
bed reference solution combines hardware, software 
and measurement expertise providing the essential 
components of a flexible 5G waveform generation and 
analysis test platform. Its flexibility allows broad 
“what if?” analysis to evaluate proposed waveforms 
with prototype algorithms and hardware. It can easily 
create waveforms at RF, microwave and mmWave fre-
quencies with modulation bandwidths of up to 2 GHz, 
allowing engineers to evaluate early concepts that use 
a variety of modulation schemes at different frequen-
cies and bandwidths.
www.keysight.com/find/solution-
5Gtestbed

Presto Engineering 	 Booth 324
Wafer Level RF Test Services

Presto Engineering’s ser-
vices cover all aspects of 
test—test plan develop-
ment to hardware and 
software development, to 
validation, correlation, 

ramp and production. Their application coverage ex-
tends from DC to microwave and millimeter wave, up to 
100 GHz.Capabilities include all major ATE brands, digi-
tal, analog, RF and advanced RF, E, V, Ka/K/Ku-Band, fre-
quency domain, time domain (Bert), CMOS and SiGe, 
GaAs, InP and GaN.
www.presto-eng.com

AdTech Ceramics 	 Booth 326
AdTech Ceramics offers 
custom HTCC microwave 
packages and hermetic 
feedthroughs for high-reli-
ability applications includ-
ing microwave spectrome-
try, high power and high 
frequency applications up 

to 95 GHz. Capabilities include electromagnetic and 
thermal modeling and simulation for microwave pack-
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phase noise of RF components and signal sources 
such as generators, synthesizers and oscillators more 
quickly than with any other solution. With up to 50 
GHz, the extremely low phase noise of its local oscilla-
tor and cross-correlation the FSWP performs complex 
measurements that in the past required complex test 
setups with just a push of a button.
www.rohde-schwarz.com

X-Microwave LLC 	 Booth 426
Online Nonlinear System Simulator

X-Microwave offers an on-
line nonlinear system simu-
lator that is powered by 
Keysight’s Genesys Spec-
trasys. Simulate with hun-
dreds of models of real 
system components using 

the intuitive user interface. X-parameter or S-parame-
ter models are extracted from X-Microwave ‘s drop-in 
components (X-MWblocks) using Keysight’s PNA-X 
analyzer. An X-parameter model of an amplifier serves 
as a live data sheet to determine the P1dB or IP3 at a 
given operating point of interest.
www.xmicrowave.com

Gigatest Labs 	 Booth 427
GTL-5050 Probing Platform

Gigatest Labs designs and 
manufactures precision 
probing systems and mi-
crowave probes for signal 
integrity applications. The 
GTL-5050 probing plat-
form allows for testing a 
wide range of structures 
from flex-circuits to multi-

ple-board-interconnects, BGAs, test sockets, PCBs and 
back-planes. The 5050 system’s remote-positioner 
control and HDMI video, offers a superior level of pre-
cision in the placement of test probes on the test 
structure, and improving accuracy in the measuement 
process. Visit Booths 427 and 526 to discuss your SI 
requirements
www.gigatest.com

Accel-RF Instruments 	 Booth 428
Automated Accelerated Reliability Test 
Systems

Accel-RF offers the world’s 
only line of fully integrated, 
modular platform, plug-
and-play, completely auto-
mated accelerated life test 
systems. These systems de-
liver an unbeatable combi-
nation of capabilities 
needed for accelerated-
aging and parametric test-
ing of RF semiconductor 
devices. The company’s 

millimeter wave Automated Accelerated Reliability Test 
Systems (AARTS) and fixture solutions are available in 
standard frequency ranges from 26.5 to 67 GHz. Ac-
cel-RF’s customers receive maximum return-on-invest-
ment (ROI) through reduced product development 
time, demonstrated reliability, and increased “permis-
sion-to-play” market opportunities.
www.accelrf.com

Zentech Manufacturing 	 Booth 406
RF Manufacturing Process

Zentech’s senior manage-
ment team has broad ex-
perience in the RF, defense, 
medical and telecom in-
dustries. Providing RF 
product realization services 
from concept through full 
life cycle management, 
Zentech has a proven track 
record of successful RF 
programs in a variety of 
disciplines. Zentech oper-

ates out of an ITAR registered, ISO compliant, 42,000 
sq. ft. facility in Baltimore, Md. Zentech is an engineer-
ing-driven, agile facility equally experienced in new 
product introduction (NPI) and program level manu-
facture of RF assemblies.
www.zentech.com

ANSYS 	 Booth 408
ANSYS HFSS

ANSYS HFSS, the industry 
standard 3D full wave elec-
tromagnetic field simula-
tion software, includes ad-
vancements that will allow 

you to dominate your wireless communication com-
petitors. New features include antenna synthesis, de-
sign and processing; encrypted 3D components with 
patent-pending hidden and encrypted design; and 
new high frequency solvers for antenna placement 
and radio frequency interference (RFI) diagnosis. See 
why this highly automated and collaborative wireless 
design flow is ideal for designing IoT devices, wear-
able electronics, 5G, UAV and automotive radar and 
more.
www.ansys.com

Analog Devices Inc. 	 Booth 409
AD9162 D/A Converter 

The new AD9162 D/A con-
verter provides broadband 
and wireless service opera-
tors with the industry’s 
highest bandwidth and 
dynamic range to satisfy 
rising consumer demand 
for higher quality, always-

on data and video streaming without requiring expen-
sive, large-scale architecture or converter design 
changes. Also, the new AD9164 D/A converter allows 
designers of military and commercial radar and preci-
sion instrumentation equipment to lower system cost 
and complexity by eliminating FPGAs and other digital 
circuitry and software previously required to rapidly 
switch across multiple frequency channels.
www.analog.com

Rohde & Schwarz 	 Booth 413
Phase Noise Analyzer 

The R&S FSWP phase noise 
analyzer and VCO tester 
enables ultra sensitive and 
ultra-fast phase noise 
measurements. It allows 

users to easily measure pulsed sources and additive 
aem-usa.com | (858) 481-0210
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Werlatone Inc.  Booth 508
SMT RF Components

Werlatone® has recently 
expanded its line of sur-
face mount and drop‐in 
directional couplers, in‐
phase combiners, and hy-
brid combiners. Concentrat-
ing on wider bandwidths at 
higher power levels, Werla-

tone’s designs are compact, low loss, and offer conser-
vative power ratings. Their newest 90° quadrature de-
sign, model QH10541, covers the full 700 to 6000 MHz 
band; rated at 100 W CW. Measuring just 0.66" × 0.86"
× 0.09", the QH10541 operates with excellent ampli-
tude balance and less than 0.5 dB of insertion loss.
www.werlatone.com

JFW Industries Inc.  Booth 509
Rotary Attenuators

Introducing JFW’s newest 
family of manual, rotary at-
tenuators, now offering 
more attenuation than 
ever before at 3 GHz and 
beyond. The single-rotor, 
50R-397 is DC to 3 GHz 
with 0 to 70dB in 10 dB 

steps; while their benchtop assembly, the 50BR-147 
allows for up to 110 dB in 1 dB increments. This family 
also includes two versions of JFW’s versatile dual-rota-
ry attenuators, which can be easily integrated into RF 
systems for OEM or test applications.
www.jfwindustries.com

COMSOL Inc.  Booth 510
The RF Module

The RF Module, an add-on 
product to COMSOL Multi-
physics® software, is used 
by designers of RF and mi-
crowave devices to model 
antennas, waveguides, � l-

ters, circuits, cavities and metamaterials. By simulating 
electromagnetic wave propagation and resonant be-
havior, engineers are able to compute electromagnetic 
� eld distributions, impedance, S-parameters, far � eld 
radiation pattern and power dissipation. With COM-
SOL Multiphysics® engineers are able to extend their 
model to include multiple physics effects such as tem-
perature rise, structural deformations and � uid � ow.
www.comsol.com/rf-module

LPKF Laser & Electronics  Booth 511
ProtoLaser S4 Laser System

The LPKF ProtoLaser S4 laser sys-
tem uses a green laser wave-
length and can laser etch PCBs in 
minutes on a wide range of lami-
nated substrates, FR4 and PTFE 
or woven PCB materials. Proto-
types and small production 
batches can also be produced on 
short notice if required The LPKF 
ProtoLaser S4 is even more pre-
cise than the mechanical systems 

and is therefore ideal for HF and microwave circuits, as 
well as digital and analog circuits.
www.lpkf.com

MOSIS  Booth 429
Prototype and Volume-Production
For 30-plus years, IC designers have relied on MOSIS for 
an ef� cient, affordable way to prototype and volume-
produce their devices. Many turn to MOSIS for our spe-
cial expertise in providing Multi-Project Wafers (MPW) 
and related services that drive IC innovation. This 
“shared mask” model combines designs from multiple 
customers, or diverse designs from a single company, 
onto one mask set. In addition MOSIS supports clients 
through to production, minimizing time to market with 
competitive pricing for new product introduction.
www.mosis.com

Holzworth  Booth 504
HSX Series RF Synthesizers

Holzworth’s new HSX Se-
ries RF Synthesizers are 
phase coherent, multi-
channel signal sources that 

offer industry leading phase noise (-142 dBc/Hz at 1 
GHz, 10 kHz offset), spectral purity of better than -85 
dBc (spurious), and output power dynamic range of 
+20 dBm to -110 dBm (0.01 dB of resolution). User 
de� ned con� gurations from 1 to 4 independently tun-
able RF outputs provide the best performance-to-price 
ratios in industry. 6 GHz models are currently available 
with 12 GHz and 20 GHz models available by late 2016.
www.holzworth.com

SemiGen Inc.  Booth 505
Semiconductor Diodes and Passive 
Products

SemiGen introduces a new 
line of semiconductor di-
odes and passive products. 
Their PIN, limiter, beam 
lead PIN, Schottky, step re-

covery and point contact diodes along with their ca-
pacitor, attenuator and additional passive thin-� lm 
products will be released in a new product catalog 
available in September 2016. The catalog will cover 
data and available designs of the company’s semicon-
ductor products as well as their assembly and testing 
services.
www.semigen.net

Tektronix Inc.  Booth 506
Mixed Domain Oscilloscope

Tektronix will be showcas-
ing the MDO4000C mixed 
domain oscilloscope that 
includes up to six built-in 
instruments, each with ex-
ceptional performance to 

address tough challenges. Every MDO4000C features 
powerful triggering, search and analysis, and these are 
the only scopes to offer synchronized analog, digital 
and RF signal analysis at the same time — ideal for 
wireless communications in IoT and EMI troubleshoot-
ing. The MDO4000C is completely customizable and 
fully upgradable to enable engineers to add the instru-
ments as needed.
www.tektronix.com
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TowerJazz  Booth 523
Integrated Circuits

TowerJazz’s industry lead-
ing RF SOI technology, 
coupled with its advanced 
design enablement tools 
that include modeling of 
the substrate, are ideally 
suited for designing low 
insertion loss and highly 

linear multi-throw switches, and LNAs with very low 
noise � gures and high linearity. TowerJazz also offers a 
new integrated SiGe-based “FEM-on-a-Chip” RF 
BiCMOS platform tailored to meet the challenges of 
IoT and other wireless applications by enabling PAs, 
LNAs and switches on a single chip.
www.towerjazz.com

Mentor Graphics Booth 527
HyperLynx® Full-Wave Solver

Mentor Graphics’ HyperL-
ynx® full-wave solver deliv-
ers unprecedented speed 
and capacity, through ac-
celerated boundary element 

technology, while preserving gold-standard Maxwell 
accuracy. Achieve greater accuracy and fewer re-spins, 
even on the most complex structures.
www.mentor.com/pcb

Wenzel Associates Inc.  Booth 528
Multiplied Crystal Oscillator

The typical multiplied crys-
tal oscillator (MXO) is com-
prised of Wenzel’s indus-
try-leading VHF ultra low 
noise OCXO integrated 
with several low noise mul-
tiplier stages. Options such 
as phase locking (PLL) can 

also be speci� ed on some models to phase lock to an 
external reference. The golden multiplied crystal oscil-
lator series (GMXO) offers the same options as the 
MXO series oscillators, but provides superior phase 
noise performance. Wenzel’s latest ultra-low noise os-
cillator technology and special multiplier stages are 
combined in the golden series products to allow a 
phase noise � oor improvement of up to 10 dB.
www.wenzel.com

Ophir RF Inc.  Booth 529
RFPA System 

Using the latest in GaN 
technology, Ophir RF intro-
duces model 5294 (700 to 
6000 MHz, 100 W). This 
RFPA system achieves very 

high linearity, and delivers full power even into poor 
load conditions. As with all Ophir RF ampli� er systems, 
model 5294 comes with a standard three year war-
ranty.
www.ophirrf.com

TechPlus Microwave Inc.  Booth 513
1U High VHF Duplexer

The TM1003 is a 1U High 
VHF duplexer operating 
between 135 to 172 MHz. 
TechPlus Microwave Inc. is 
a state-of-the-art, innova-

tive, RF/microwave � lter supplier specializing in eco-
nomical, high quality microwave � lters and assem-
blies. Their capabilities include small and large 
production runs utilizing state-of-the-art test equip-
ment. TechPlus manufactures � lters, duplexers and 
multiplexers for all of the wireless protocols, as well as 
spread spectrum for point-to-point, point-to-multi-
point to 40 GHz.
www.techplusmicrowave.com

CST-Computer Simulation 
Technology AG  Booth 515
CST STUDIO SUITE®

The electromagnetic simu-
lation software CST STU-
DIO SUITE® is the culmina-
tion of many years of 
research and development 
into the most accurate and 
ef� cient computational so-
lutions for electromagnetic 
designs. It comprises CST’s 
tools for the design and 
optimization of devices op-
erating in a wide range of 
frequencies—static to op-

tical. Analyses may include thermal and mechanical 
effects, as well as circuit simulation.
www.cst.com

Maury Microwave  Booth 521
Measurement and Modeling Device 
Characterization Solutions

Exceptional companies have superior labs — com-
plete your lab with Maury Microwave. Maury, a leader 
in measurement and modeling device characterization 
solutions, VNA calibration accessories and intercon-
nections, will be showcasing active and hybrid-active 
harmonic load pull solutions, LXI™-certi� ed mechani-
cal impedance tuners, pulsed IV/RF compact transistor 
modeling as well as coaxial and waveguide VNA cali-
bration 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, demos, deals and NPIs.
www.maurymw.com
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MWJ/EUMW/DEFENSE/0816

A focused Forum addressing the application of RF and microwave technology 
to Complex Urban Environments.

The 2016 Defence, Security and Space Forum
At European Microwave Week

Wednesday, 5 October – ExCel, London – Rooms 8 to 11

The emphasis will be on complex urban environments, encompassing the challenges and opportunities for  
indoor/enclosed and urban communications and sensing technologies. The Forum has the scope to cover topics  

including: Smart City initiatives; 3D tracking technologies in complex and indoor environments; sensing complex targets in 
dense target environments; congested spectrum and network issues.

Programme:
09:00 – 10:40  EuRAD Opening Session

11:20 – 13:00  Complex Urban Sensing and Communication
Speakers from industry and academia will present RF solutions and systems that address the challenges imposed by  
operation in complex urban environments. Confirmed speakers include:
•  New Transceiver Technology Applied to Standoff Submillimetre-Wave Imaging Radar – Ken Cooper, JPL
•  Indoor and Urban Environment Location of Moving People and Vehicles Using Signals of Opportunity  

– Pierfrancesco Lombardo, University of Rome
•  Communication Satellite Impact on TV and Data Broadcasting Through Urban Environments  

– Erdem Demircioğlu, Turksat International
•  Analyzing Doppler Spectrum Using WiFi for Trained-Once Device-Free Crowd Counting and Occupancy Estimation  

– Alfonso Farina, Leonardo Company
13:10 – 14:10 Strategy Analytics Lunch & Learn Session
This session will add a further dimension by offering a market analysis perspective, illustrating the status,  
development and potential of the market.

14:20 – 16:00 Microwave Journal Industry Panel Session
The session offers an industrial perspective on the key issues facing the defence, security and space sector. In accordance 
with the theme for 2016, the Panel will address: Complex Urban environments, encompassing the challenges and  
opportunities for indoor/enclosed and urban communications and sensing technologies. Confirmed speakers include:
• Spectral Detection and Visualisation with Distributed RF Receivers – Raymond Shen, Keysight Technologies
• Addressing Communications in Urban Environments with UltraCMOS and Intelligent Integration  
– Andrew Christie, Peregrine Semiconductor
•  How do Mobiles Develop the 6th Sense? – An Introduction to LTE-based Device-to-Device (D2D) Communication  

Principles – Meik Kottkamp, Rohde & Schwarz

16:40 – 18:20  EuMW Defence & Security Executive Forum
High-level speakers from leading defence and security companies present their views and experiences on RF microwave 
technology trends and its use in urban environments. Confirmed presentations include:
•  Challenges for Maritime Border Surveillance Radar  

–Tony Brown, EASAT
•  Challenges in the ‘Future Borders’ Concept - Combining Technology, People and Processes  

– Roger Cumming, Fenley-Martel (ex UK Home Office)
•   Challenges in Urban Sensing and Communications 

–Ian Beresford, QinetiQ
18:20 – 19:00 Cocktail Reception

Registration and Programme Updates
Registration fees are £10 for those who have registered for a conference 
and £40 for those not registered for a conference. 

As information is formalized, the Conference Special Events section of the EuMW website will be updated on a regular basis.

Register online at 
www.eumweek.com

Sponsors:
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PRODUCTSHOWCASE
AISLE 600

High Accuracy  

600 - 6000MHz 

MIN Isolation 85dB 

Power  Divider

Shielding  Box

Fixed  Attenuators

   

Phone: +86(021)31198601    E-mail:  hj@haojintech.com
www.haojintech.com     

ATTENUATORS
Programmable

0 to 127dB  0.25dB Step * 1 to 8500MHz * Up to 128 x 128 Matrix

from
$280

AR RF/Microwave 
Instrumentation  Booth 606
Solid-State Pulsed Amplifi ers

For automotive and mili-
tary EMC radiated immu-
nity susceptibility testing, 
as well as radar and com-
munication applications, 
there is now a very attrac-
tive alternative to traveling 
wave tube ampli� ers 
(TWTAs). AR’s new offer-

ings include various frequency ranges and output power 
levels to meet several standards, or designs can be tai-
lored to suit your speci� c application. These ampli� ers 
feature a touchscreen control panel, GPIB interface, TTL 
gating, fault monitoring and forced air cooling.
www.arworld.us

Dynawave  Booth 607
ArcTite™ Assemblies

Dynawave’s new ArcTite™ 
series cable assemblies 
provide tight bend radius 
capability without the 
need for added strain relief 

shrink boots. ArcTite™ assemblies can provide less 
than a 0.54" (13.7 mm) height from connector refer-
ence plane to the top of the bent cable. Ideal for high 
density packaging, these assemblies are available with 
SMA straight plugs or SMA bulkhead jacks connectors 
in both 0.086 and 0.141 cable sizes. ArcTite™ assem-
blies have consistent (-100 dB) shielding and low 
VSWR through 26.5 GHz.
www.dynawave.com

Barry Industries Inc.  Booth 610
HTCC Air-Cavity Quad-Flat-No-Lead 
(QFN) Packages

Barry Industries introduces 
their line of hermetically 
sealable HTCC Quad-Flat-
No-Lead (QFN) packages 
with air cavity for high fre-
quency applications. These 
QFN packages are avail-

able in six sizes from 3 mm to 8 mm with standard 
JEDEC MO-220 footprints. They feature broadband 
low-loss transitions for superior performance over fre-
quency. Maximum insertion loss is 0.5 dB from DC to 
18 GHz, 1.5 dB from 18 to 35 GHz and 4 dB from 35 
to 40 GHz. HTCC construction provides for enhanced 
mechanical strength and higher thermal conductivity 
compared with LTCC packages.
www.barryind.com

Amplical Corp.  Booth 612
PIN Diode Switches

Amplical Corp.’s family of 
broadband coaxial PIN di-
ode switches feature low 
insertion loss, low VSWR 
high isolation, and fast 
switching speed. Standard 

con� gurations range from single-pole, single-throw 
(SPST) through single-pole, 12-throw (SP12T). All 
switches are available with either absorptive or re� ec-
tive inputs operating over ultra-broad bandwidths up 
to 20 GHz. Amplical offers complete electrical and 
mechanical customization for all standard models as 
well as your application-speci� c requirement up to 40 
GHz, including unlimited number of throws, high pow-
er, hermetic seal and MIL/hi-rel screening.
www.amplical.com

NoiseWave  Booth 612
Amplifi ed Noise Source

NoiseWave announces the 
immediate availability of 
the NW3G-M ampli� ed 
noise source. The Noise-
Wave NW3G-M features 

broadband frequency coverage from 10 MHz to 3 GHz. 
The NW3G-M offers 0 dBm output power with spec-
tral � atness of ± 2.0 dB. The unit is internally regulat-
ed and operates from +15 Vdc and typically draws less 
than 120 mA. The NoiseWave NW3G-M comes stan-
dard with an sma output connector and is in a small 
low pro� le housing 4" × 1"× 0.5".
www.noisewave.com

ARC Technologies Inc.  Booth 613
Engineer’s Survival Kit

ARC Technologies is the 
leading supplier of RF and 
EMI absorbing materials. 
Whether you are facing 
problems at 10 MHz or 
110 GHz, near � eld or far 

� eld, narrowband or broadband, ARC Technologies 
has the right solution, offering a variety of standard 
and custom products. Their FREE Engineer’s Survival 
Kit (ESK) offers samples of several popular products 
that no RF or electrical engineer should be without.
www.arc-tech.com/engineers-survival-kit/

Electro Rent Corp.  Booth 615
Design Software
When you need test equipment you need to decide 
“what” but also “justify” that new expense. Electro 
Rent’s product showcase focuses on solving real-world 
testing problems both technically and � nancially. De-
sign software new to Electro Rent: IMST, Germany, of-
fer unique software design tools, specializing in radio 
technologies and microelectronics. Digital Testing: as 
RF signals get faster and more complex, new digital 
testing techniques are necessary. Electro Rent offers 
the most RF/microwave instruments in inventory.
www.electrorent.com

2016
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2016
Workshops & Exhibition

EDICON COMES TO THE USA!
September 20-22, 2016

Hynes Convention Center n Boston, MA
www.ediconusa.com

In-depth Technical Training
100+ Exhibitors Including the 

New Signal Integrity Zone Networking

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=154A&exitLink=http%3A%2F%2Fwww.ediconusa.com


Register Today for EDICON USA 2016!

Microwave Journal Subscribers
Save 20% with discount code: MWJREADER20

THE Industry Event for
RF, Microwave, EMC/EMI and high speed digital designers

Host Sponsor: Diamond Sponsor: Corporate Sponsor: Conference Sponsors: Sponsored By:

n Short Courses
n Workshops
n Technical Sessions
n RF Back to Basics Training
n Expo Hall Demos
n Frequency Matters Theatre

n Signal Integrity Zone
n Free Hands-on Training
n Poster Session
n Networking Events
n Plenary Keynotes

Scan here to go
directly to registration

www.ediconusa.com
Image:Joseph Sohm / Shutterstock.com
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MWJ/EDICONUS/REGISTRATION/0716

Attention: RF, Microwave & High-Speed Digital Designers

2016
Registration is OPEN

for 

EDI CON USA 2016
September 20-22, Hynes Convention 

Center, Boston, MA

Exhibition features:
120+ Exhibitors
Demonstrations
Poster Sessions
Hands On Training
Networking

Industry-Driven Technical
Conference with:
Technical Sessions
Panels
Workshops
Short Courses
Plenary & Keynote Talks

www.ediconusa.com

Come to EDI CON USA to � nd solutions, products, 
and techniques that you can put to immediate 
use in communication, defense, consumer 
electronics, aerospace, and medical designs.

Hot Topics: 5G, SOI, EMC/EMI, Test & 
Measurement, Modeling & Simulation, Signal 
Integrity, Power Integrity, EDA, Space-Quali� ed 
ICs, Ultra Low Power, MIMO, Radar, GaN, IoT

Register Online Today!
(Early Bird discount ends July 31, 2016)
http://www.ediconusa.com/registration.asp
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Do you need Do you need Cost-effective Calibration
Kits for your measurement? for your measurement?Kits for your measurement?Kits

■  T-Probe (DC to 20 GHz)
- GSG, GS Configurations
- 0.8, 1.5, 2.5 mm pitch range
- Pogo pin structure  

Withwave's Compact Calibration Kits offer excellent 
performance characteristics for fine-tuning in production 
environments and quality testing facilities, using 50 ohm 
N-type & 3.5 mm connectors up to 6 GHz and 9 GHz 
respectively. These Cal Kits include all needed calibration 
standards(Open, Short, Load) in one unit. 
It is the best solution available for ease of use in VNA 
calibration, especially in the field.
We solve your performance and cost problems. 

For more information on these products go to :

sales@with-wave.com  I  www.with-wave.com
Versatile RF & MW Solutions

■  Return loss (Load) : <-38 dB
■  Phase deviation(Open,Short) : <1.5 degree
■  Providing calibration coefficient  for user-defined calibration

Specifications

NEWNEW

3.5mm Type
(DC to 9 GHz)

N-Type 
(DC to 6 GHz)

Berkeley Nucleonics Corp.  Booth 622
Signal Generator

The Model 855 series is a multi-channel, phase coherent, 
fast switching, low phase noise microwave signal gen-
erator with output frequency ranges from 10 MHz to 6, 
12 or 20 GHz in any combination from 2 to 8 outputs in 
one system. Frequency and power switching sweep 
times down to 10 μs with excellent phase noise makes 

this instrument line ideally suited for a wide range of applications where very high 
signal quality, accuracy and wide output power range is required.
www.berkeleynucleonics.com

PPG Aerospace-Cuming Microwave Booth 624
Microwave Absorbers

PPG Aerospace-Cuming Microwave is a manufacturer of 
microwave absorbers for cavity suppression and free 
space applications. Its featured product is C-RAM™ 
RGD-S, an iron � lled silicone rubber microwave absorber 
with a high magnetic loss. It is available in three grades: 
-117, -124 and -192. C-RAM™ RGD-S can be used for 
lowering the Q of cavities and eliminating unwanted 

resonances. Other products include: C-RAM™ Lossy Foams and Elastomeric Flat 
Sheet Absorbers, C-RAM™ Anechoic & Free-Space Materials, C-RAM™ Turnkey 
Anechoic & EMC Chamber Design and Installation, and C-STOCK™ Low Loss Di-
electric Materials. Custom formulations and fabrications are available.  Email cmc-
sales@ppg.com or call (508) 521-6700.
www.cumingmicrowave.com

Sonnet Software  Booth 628
Sonnet Suites Release 16

Sonnet Software maintains a single, dedicated focus on 
providing the industry’s most accurate and reliable high 
frequency electromagnetic (EM) software. Sonnet re-
cently premiered Sonnet Suites Release 16, featuring 
speed increases in larger projects, new integration with 

the Modelithics® CLR Library for Sonnet, and additional new features that give us-
ers more control and automation. Sonnet Suites targets today’s demanding design 
challenges involving predominantly planar (3D planar) circuits and antennas, includ-
ing spiral inductors, � lters, microstrip, stripline, co-planar waveguide, and both PCB 
and integrated circuits incorporating layers of strati� ed dielectric material.
www.sonnetsoftware.com

Gowanda Electronics  Booth 704
Broadband Conicals to 5A DC

Gowanda Electronics will feature new component de-
signs including the C550FL series of high-current, thru-
hole, wirewound broadband conical inductors providing 
a current rating to 5A DC.  As with Gowanda’s other 
conicals, the new series provides predictable frequency 
response and repeatable performance from 40 MHz to 
40 GHz and is speci� cally designed for high frequency 

applications where ultra-low insertion loss is a design requirement. Gowanda Elec-
tronics’ conicals and RF & power inductors, Communication Coil’s custom magnet-
ics, TTE’s RF & microwave � lters and Instec’s EMI/RFI � lters will all be on display; all 
are af� liates of Gowanda Holdings.
www.gowanda.com

TTE Filters  Booth 704
Bias Tees to 40 GHz

TTE’s bias tees are now available for frequencies from 10 
MHz to 40 GHz and current handling to 7A DC. They 
offer superior broadband performance, low insertion 
loss, minimal return loss, desirable VSWR characteristics, 
extremely � at gain response and RoHS-compliant op-
tions. TTE’s RF & microwave � lters are available to 26 

GHz, featuring built-to-order lead times as short as 3 to 5 days. TTE’s � lters, Gowanda 
Electronics’ conicals and RF & power inductors, Communication Coil’s custom magnetics 
and Instec’s EMI/RFI � lters will all be on display; all are af� liates of Gowanda Holdings.
www.tte.com

PRODUCT
SHOWCASE

AISLES 600-700

Build a Super DAQ System in a PXIe Chassis 
using XMC Modules

2016
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MWJ/EDICONCHINA2017/PAPERS/0816

April 25-27, 2017
Shanghai Convention & Exhibition 
Center of International Sourcing

Do you work on RF, microwave, or high-speed digital designs and 
have design experience or knowledge to share? EDI CON China 
2017 is now accepting abstracts. EDI CON provides practical 
information addressing today’s RF, microwave, EMC/EMI, and 
high-speed digital design challenges using available materials, 
tools, products, and techniques. Submit your abstract today 
to be considered for one of EDI CON’s peer-reviewed technical 
sessions. 

CALL FOR PAPERS

Conference Topics
• RF and Microwave Design
• High-Speed Digital Design
• Measurement & Modeling
• Systems Engineering

Submit your paper online at 
www.xcdsystem.com/edicon 

by October 11, 2016

2017

Host Sponsor: Diamond Sponsor: Corporate Sponsor: Organized by:

• 5G Technologies
• EMC/EMI
• IoT Design
• Radar Communications

www.EDICONCHINA.com
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racy ±.0003" repeatability within .0001"). Centerline subdivides fully patterned 
substrates with computer programmed auto recognition software. Other services on 
display will include lapping, polishing, laser machining, diamond sawing, back-lap-
ping, and filled via planarity process. Centerline is dedicated to providing the high-
est quality services at the greatest value possible.
www.centerlinetech-usa.com

Integra Technologies Inc. 	 Booth 711
1200W GaN Transistor

Integra Technologies Inc. (ITI), a designer and manufac-
turer of high-power RF transistors, pallets and amplifiers, 
announced the release of a 1200 W GaN transistor, IG-
N1011L1200, for IFF avionics applications. The IG-
N1011L1200 operates over the instantaneous band-
width of 1.03 to 1.09 GHz. Under ELM Mode S (48 × 

(32μs on, 18μs off), 6.4%) pulsing conditions, it supplies a minimum of 1200 W of 
peak output power with typically >17dB gain and 75% efficiency from a 50 V sup-
ply voltage. The IGN1011L1200 transistor is available immediately for sampling.
www.integratech.com

dBm Corp Inc. 	 Booth 713
Advanced Channel Emulator

dBmCorp Inc. will release its Advanced Channel Emula-
tor (ACE), an ultra-high bandwidth (600 MHz) high fidel-
ity test platform for radio/satellite link, multipath fading 
and payload emulation. The ACE can emulate changing 
delays, carrier/signal Doppler, phase shift, link attenuation 

and sophisticated multipath (up to 12 paths at 600 MHz bandwidth per channel) for 
emulating all types of wireless and COM links. Programmable group delay, phase 
offset, AM/AM & AM/PM nonlinearity and amplifier gain compression/distortion may 
be emulated in real-time.
www.dbmcorp.com

NXP Semiconductors 	 Booth 714
GaN Power Transistor

NXP introduces the high performance A2G26H281-04S 
in-package asymmetric Doherty GaN RF power transis-
tor for 2496-2690 MHz targeting current and next-gen-
eration cellular base stations. This product enables NXP 
customers with an average RF output power of 50 W 
(288 W peak), gain of 15.3 dB and drain efficiency of 
57% configured in a NI-780S-4L air-cavity ceramic pack-

age. The A2G26H281-04S GaN device offers superior performance at higher fre-
quencies which is key to the expanding 4G LTE deployments and emerging 5G 
marketplace.
www.nxp.com/RFgan

Copper Mountain Technologies 	 Booth 715
Vector Network Analyzer

Copper Mountain Technologies’ S5065 is a highly com-
pact lab-quality USB vector network analyzer for S-param-
eter measurements from 9 kHz to 6.5 GHz. It is capable of 
>138 dB dynamic range typ. (1 Hz IF) and measurement 
time per point of 60 µs, min typ. Thanks to its unmatched 

portability, S5065 can be shared easily within a team or brought to test sites.
www.coppermountaintech.com

Dow-Key Microwave	 Booth 720
Standard Matrix Summary

Designed for microwave, RF and audio test applications 
in the DC to 18 GHz frequency range, Dow-Key’s stan-
dard matrix product line includes standard configura-
tions ranging from 1 × 100 to 12 × 12. Packaged in a 
self-contained 19" rack-mountable enclosure and pro-
vided with remote interfaces such as RS232, RS-422, 
GPIB, USB and Ethernet along with a touchscreen LCD 
front panel display or keypad for manual override. Dow-

Key uses its own line of coaxial switches for these matrices, providing low loss and 
excellent isolation.
www.dowkey.com

Nuhertz Technologies LLC 	 Booth 706
FilterSolutions®

Nuhertz Technologies introduces a version of FilterSolu-
tions.® Version 14.4.1 features the design of inverted 
microstrip filters in suspended substrate, with overlay 
capacitors utilizing interlaced resonators to achieve cou-
pling. The approach removes the need for vias. The 
sample filter shown is a nine-pole interlaced high-pass 

Chebyshev. The design is shown after synthesis by FilterSolutions, without post-
processing or optimization.  Rapid Sonnet or Axiem port-tuning is supported. 
Nuhertz will present this version at Booth 706.
www.nuhertz.com

SignalCore Inc. 	 Booth 707
High Performance 20 GHz Signal Source

SignalCore’s high performance 20 GHz VCO-based syn-
thesized signal source is cost effective, compact and de-
signed for seamless integration. With frequency span-
ning 100 MHz to 20 GHz (1 Hz resolution), low phase 

noise of -115 dBc/Hz at 10kHz offset at 10 GHz carrier, and amplitude step resolu-
tion of 0.01 dB over a -30 dBm to +10 dBm output range, this product is ideal for 
R&D, academic, military and commercial applications. Full implementation instruc-
tions and GUI included. Available in USB, SPI, RS-232, and PXIe.
www.signalcore.com

Centerline Technologies 	 Booth 708
Glass and Ceramic Materials

Centerline Technologies will be showcasing beveled, 
grooved, slotted and diced glass, fused silica and ce-
ramic materials. Centerline’s recently expanded diamond 
sawing capabilities provide superior edge quality using 
optical alignment and provides tighter tolerances (accu-

PRODUCTSHOWCASE
AISLE 7002016

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=158&exitLink=http%3A%2F%2Fwww.centerlinetech-usa.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=158&exitLink=http%3A%2F%2Fwww.integratech.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=158&exitLink=http%3A%2F%2Fwww.dbmcorp.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=158&exitLink=http%3A%2F%2Fwww.nxp.com%2FRFgan
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=158&exitLink=http%3A%2F%2Fwww.coppermountaintech.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=158&exitLink=http%3A%2F%2Fwww.dowkey.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=158&exitLink=http%3A%2F%2Fwww.nuhertz.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=158&exitLink=http%3A%2F%2Fwww.signalcore.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=158&exitLink=http%3A%2F%2Fwww.microtech-inc.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=158&exitLink=mailto%3Asales%40microtech-inc.com


MWJ/EDICONCHINA/PROMO/0816

2017

April 25-27, 2017
Shanghai Convention & Exhibition
Center of International Sourcing

Shanghai, China

Host Sponsor: Diamond Sponsor: Corporate Sponsor: Organized by:

Sign up now to choose your booth! EDICONCHINA.com

Conference includes: technical sessions, workshops, 
panels, short courses, poster sessions, and plenary keynotes.

Partnerships:
China Electrotechnical Society’s (CES) Electromagnetic Technology 
Conference & Exhibition (EMC China)
China Radar Industry Association (CRIA) conference

Sponsorships: Gold, silver, bronze, and exhibit sponsorships 
now available.

EDI C
ON China

comes t
o Shanghai!

Reserve your booth now to reach engineers in China working on
RF, microwave, and high-speed digital designs

EDI CON China returns to Beijing, April 17-19 2018.

Conference includes:
panels, short courses, poster sessions, and plenary keynotes.

Partnerships:
China Electrotechnical Society’s (CES) Electromagnetic Technology 
Conference & Exhibition (EMC China)
China Radar Industry Association (CRIA) conference

Sponsorships:
now available.

Fifth year for the conference

EDI CON China 2016 saw
35% increase in unique attendees

Exhibition of more
than 100 companies

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=159&exitLink=http%3A%2F%2FEDICONCHINA.com
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PRODUCTSHOWCASE

World’s Leading Trade Fair for Electronic  
Components, Systems and Applications 
Messe München  I  November 8–11, 2016 
electronica.de

Planet e:
Where the future begins.
Embedded solutions of tomorrow. Today.

Embedded exhibition sector:
November 8–11, 2016

electronica Embedded Forum:
November 8–11, 2016

Embedded Platforms Conference:
November 9–10, 2016

All about electronica Embedded: 
electronica.de/en/embedded

Connecting Global Competence

Tickets & Registration: electronica.de/en/tickets

e16-Embed-116x190-MicrowaveJourn-E.indd   1 29.06.16   15:44

AISLES 700-800
tegrated cosite equipment and low noise and cosite 
power amplifiers.
www.dovermpg.com/polezero

Millitech 	 Booth 721
E-Band Linear-Circular Polarizer

Millitech’s E-Band linear-
circular polarizer boasts a 
low axial ratio of < 0.6 dB, 
low insertion loss of < 0.5 
dB, and can be optimized 
for any frequency you re-
quire from 18 to 110+ 
GHz. With over two times 

the bandwidth of similar products and an industry 
leading axial ratio performance, this polarizer is a first 
of its kind.
www.millitech.com

Planar Monolithics 
Industries Inc. 	 Booth 804
PMI A Series Amplifiers 

PMI’s A-Series amplifiers 
are available low noise, 
medium power and lost 
cost designs and operate 
over the 10 MHz to 40 GHz 
frequency range. These 
new models feature form 

fit & function design, low noise figure, operating temp: 
-54° to +85°C, unconditionally stable over tempera-
ture, excellent group delay and phase linearity, field 
replaceable SMA connectors, internal DC regulated 
voltage and internal reverse polarity protection avail-
able options temperature compensation, phase & am-
plitude matching, phase and amplitude tracking, gain 
/frequency slope and input limiter protection. Custom 
designs welcome.
www.pmi-rf.com/Products/amplifiers/PMI-
A-Series-Amplifiers.htm

Richardson RFPD 	 Booth 806
Specialized Electronic Component 
Distribution 

Richardson RFPD, an Arrow Electronics company, is a 
specialized electronic component distributor providing 
technical expertise and global design support for the 
latest products from leading suppliers of RF, wireless, 
energy and power technologies. Richardson RFPD of-
fers the newest products from leading suppliers of RF 
and wireless technologies to more than 10,000 cus-
tomers, through their sales team of engineering ex-
perts. The company supports the design efforts of RF 
engineers in markets such as A&D, cellular infrastruc-
ture, ISM, CATV, T&M and IoT/M2M.
www.richardsonrfpd.com

Pole/Zero Corp.	  Booth 720
Extended Range Filters

Pole/Zero is showcasing 
the production release of 
its new NANO-ERF® series 
of extended range filters 
that covers the entire 30 to 
520 MHz tuning range in a 
single 28 × 28 × 0.216 
mm surface-mount pack-

age. Tuning speeds are 25 μsec typical, 35 μsec max 
with inband RF power handlings of +6 dBm. Pole/Ze-
ro’s complete product line includes tunable filters, in-

K&L Microwave 	 Booth 720
Ultra-miniature Lumped Element Filters

Ultra-miniature lumped ele-
ment filters provide reduced 
size and weight while af-
fording ultimate flexibility. 
Bandpass, lowpass, high-

pass and notch filters, including elliptic and pole placed 
designs are available in very small surface mount pack-
ages. Integrated covers assure performance in sizes 
typically less than 0.2" wide by 0.15" tall. Join K&L at 
Booth 720 to discuss your custom requirements.
www.klmicrowave.com

2016
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Technical Education Training Series
• Improving Base Station Design – RF Innovations
• The Power of Testing IoT Devices in All Phases of the Product 

Lifecycle
• Radar Signal Generation with up to 2 GHz Bandwidth for 

Single-Channel and Multichannel Receiver Testing
• Faster Analysis of Complex RF Signals
• 802.11ax – High Effi ciency Wireless Improving User Through-

put in Dense User Environments
• Practical Antenna Design for Advanced Wireless Products
• Expanding the Possibilities of Cellular Wireless 

Infrastructure with GaN
• Designing Next-Gen Cellular and Wi-Fi Switches 

Using RF SOI Technology
• Improving Reliability and Effi ciency with Solid State Spatial 

Combining Technology
• Effect of Conductor Profi le Structure on Propagation in 

Transmission Lines
• Minimize Your Y-Factor Noise Figure Measurement 

Uncertainty
• Doherty at Eighty
• Millimeter Wave and E-Band Vector Network Analyzer Solutions
• Making Noise Work for You
• RF and Microwave Heating Simulation and Application Design
• Critical Aspects of Dielectric Constant Properties for High 

Frequency Circuit Design
• Demystifying MIMO Radar and Conventional Equivalents

RF/Microwave Training Series
Presented by: Besser Associates
• Introduction to Radar
• RF and Microwave Filters
• Mixers and Frequency Conversion

CST Webinar Series 
• Hybrid Simulation for Electrically Large Aerospace Platforms
• Simulation of Implanted Medical Devices

Innovations in EDA
Presented by: Keysight Technologies
• Advances in High Power RF Design
• 5G Physical Layer Modeling: A Communication System 

Architect’s Guide
• Designing X-Band PAs Using SMT Plastic Packaged GaN 

Transistors

Keysight Technologies Webcast
• LTE in the Unlicensed Spectrum
• Using a Multi-Touch UI to Streamline Signal Analyzer 

Measurements
• Testing Voice Over LTE on Your Device

Keysight RF and Microwave Basics Education Series
• Simulating, Generating and Analyzing Custom-Modulated 

Satellite Signals

Keysight FieldFox Series
• Wireless Site Survey, Spectrum Monitoring and Interference 

Analysis

Presented by:

Past Webinars On Demand

Register to attend at
mwjournal.com/webinars

Scan page
using           app
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INTRODUCING

Microwave Journal’s 
New Video Library

Educational and demo
videos organized by:

 

 

Applications

Products

Events

Companies

Sponsored video programs 
are available

Visit and bookmark 
videos.microwavejournal.com

PRODUCTSHOWCASE
AISLE 800

and simulation. This helps teams efficiently iterate be-
tween system-level specifications and implementation 
of architectural designs, and reduces time spent in 
debugging validation test benches. Engineers can rap-
idly build executable specifications of the RF front-end 
and integrate the results into a system-level simula-
tion. This allows for help with validation of behavior 
and, by facilitating sharing, supports collaboration 
with colleagues, suppliers and customers.
www.mathworks.com

Passive Plus Inc. 	 Booth 814
RF/Microwave Passive Components 

Passive Plus Inc. (PPI) is a manufacturer of high-perfor-
mance RF/microwave passive components, specializ-
ing in high-Q/low ESR/ESL capacitors, rroadband ca-
pacitors, non-magnetic resistors and trimmers serving 
the medical, semiconductor, military, broadcast and 
telecommunications industries. Capacitor case sizes 
include 0505, 1111, 2225, 3838; EIA 0201, 0402, 
0603, 0805; High power 6040, 7676 and the new 
1313; Broadband capacitors, 01005, 0201, 0402. PPI 
is known for outstanding quality, fast deliveries, com-
petitive prices and superior customer service.
www.passiveplus.com

Orban Microwave 	 Booth 820
Antennas

Orban Microwave designs 
and manufactures a wide 
range of antennas for vari-
ous applications such as 
GPS, avionics, medical and 
satcom covering VHF to 
Ka-Band. One of our 

strengths regarding GPS antennas is our wide variety 
of existing designs like choke ring antennas, rover an-
tennas and passive and active antennas that can be 
integrated in GPS receivers. Orban Microwave offers 
the latest in technology, custom built to your specifica-
tions.
www.orbanmicrowave.com

Pickering Interfaces 	 Booth 822
PXI Microwave Multiplexer Modules 

Pickering’s multiplexers 
have a characteristic im-
pedance of 50 Ω and are 
capable of switching sig-
nals up to 40 GHz. Avail-
able in single, dual or tri-
ple, SP6T or SP4T formats, 

they are suitable for constructing complex microwave 
switching networks. These multiplexers are compatible 
with any PXI chassis and can be used in Pickering’s LXI 
Modular Chassis for users preferring control via an 
Ethernet port. Connection is by a high performance 
front panel mounted SMA or SMA-2.9 connectors.
www.pickeringtest.com

Marvin Test Solutions 	 Booth 808
TS-960 Semiconductor Test System

The TS-960 semiconductor 
test system from Marvin 
Test Solutions is an inte-
grated test platform that 
takes full advantage of the 
PXI architecture to provide 

capabilities comparable to proprietary ATE systems in 
a compact footprint. The TS-960 is available in bench-
top and integrated manipulator configurations for 
both package and wafer test. Offering 20 PXI slots 
and a receiver that supports digital and RF resources, 
the TS-960 can support a wide range of digital and RF 
capabilities.
www.marvintest.com

MathWorks 	 Booth 810
RF Budget Analyzer

The RF Budget Analyzer in RF Toolbox helps engineers 
design RF front-ends and get started with RF modeling 

WIRE BOND

www.westbond.com

WEST·BOND INC. WEST·BOND INC.

WEST·BOND INC. WEST·BOND INC.

BOND

2016
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3-7 OCTOBER 2016

FIVE DAYS ONE EXHIBITIONTHREE CONFERENCES  

For International Sales: For US Sales:

EUROPEAN MICROWAVE WEEK 2016
EXCEL LONDON, UK

3 - 7 OCTOBER 2016

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

INTERESTED IN EXHIBITING?
Alyssa Connell

Event Coordinator
E: aconnell@mwjournal.com

Tel: +1 781 619 1930

Richard Vaughan
International Sales Manager

E: rvaughan@horizonhouse.co.uk
Tel: +44 20 7596 8742

The Exhibition (4th - 6th October 2016)
• 8,000 sqm of gross exhibition space

• 4,000 key visitors from around the globe
• 1,700 - 2,000 conference delegates

• In excess of 300 international exhibitors  
(including Asia and US as well as Europe) 

The Conferences:
• European Microwave Integrated Circuits Conference (EuMIC)

• European Microwave Conference (EuMC)  
• European Radar Conference (EuRAD) 
• Plus Workshops and Short Courses 

• In addition EuMW 2016 will include the ‘Defence, Security and Space Forum’

For more information visit:

www.eumweek.com

Co-sponsored by:Co-sponsored by: Co-sponsored by:

Official Publication: Organised by: Supported by: Co-sponsored by: Co-sponsored by:

Scan page
using           app
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Mercury Systems  Booth 826
OpenRFM™ Rapid Development 
Capability

OpenRFM™ is a modular 
open systems architecture 
approach that standardiz-
es the electromechanical, 
software, control plane, 
and thermal interfaces. 
Based on the OpenRFM™ 
architecture, Mercury and 

X-Microwave have created an ecosystem of hundreds 
of pre-engineered RF/microwave elements that facili-
tate the rapid development and prototyping of com-
plex designs. Elements are laid out creating the RF 
design which can then be simulated, prototyped and 
veri� ed. It is then packaged in an OpenRFM™ pre-
engineered brick. Workshop at EDICON USA Septem-
ber 20 at 1:30 p.m.
www.mrcy.com

Colby Instruments  Booth SI7
Programmable Delay Line Instruments 
and Modules

Programmable delay line 
instruments and modules 
offering 0 to 200.0 ns of 
total delay with resolution 
to 0.50 ps per step in vari-
ous con� gurations. Signal 

input frequency from DC to 18 GHz. Remote program-
mable interface via Ethernet TCP/IP, GPIB, or local con-
trol using MicroTerminal and Keypad.
www.colbyinstruments.com
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  RF Amplifiers, Isolators and 
  Circulators from 20MHz to 40GHz 

Wenteq Microwave Corporation 
138 W Pomona Ave, Monrovia, CA 91016 

Phone: (626) 305-6666, Fax: (626) 602-3101 
Email:  sales@wenteq.com, Website: www.wenteq.com

  

 Super low noise RF 
amplifiers 

 Broadband low noise 
amplifiers 

 Input PIN diode protected low 
noise amplifiers 

 General purpose gain block 
amplifiers 

 High power RF amplifiers 
and broadband power 
amplifiers 

 RF isolators and 
circulators 

 High power coaxial and 
waveguide terminations 

 High power coaxial 
attenuators 

 PIN diode power limiters 
 Active up and down 

converters 
  

REVERSE RECOVERY
TIME TESTERS

ELECTROSYSTEMS

SINCE 1975

ELECTROSYSTEMS

SINCE 1975

F o r  M I L - S TD - 7 50 - 4  M e t h o d  40 3 1 . 4  

AVR-EB2A-B: Condition A, for low 
current diodes 

AVR-EB4-B: Condition B, for medium 

current diodes

AVR-EB5-B: Condition B, for PIN diode 
lifetime characterization

AVR-EB7-B:  Condition B, for small-
signal diodes

AVR-CC2-B: Condition C, for high 
power-diodes

AVR-CD1-B: Condition D, for medium 

current and MOSFET 

parasitic diodes

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

754 Fortune Crescent, Kingston, ON, K7P 2T3, Canada
Tel: 613 384 3939  - e-mail: info@astswitch.com

AST’S OUTDOOR SWITCHES
For all outdoor & severe weather applications

Silver Conductive System
One Component MB600S

• Coating for EMI/RFI shielding
• Temperature resistant up to 700°F

+1.201.343.8983  •  www.masterbond.com

MICRO-ADS
PRODUCT
SHOWCASE
AISLE 800 & SI

Catch our
exclusive:
conference information 

news

social networking

photos

videos 

and more at 

mwjournal.com/EDICONUSA2016

2016

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=164&exitLink=http%3A%2F%2Fwww.mrcy.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=164&exitLink=http%3A%2F%2Fwww.colbyinstruments.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=164&exitLink=mailto%3Asales%40wenteq.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=164&exitLink=http%3A%2F%2Fwww.wenteq.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=164&exitLink=http%3A%2F%2Fwww.avtechpulse.com%2F
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=164&exitLink=mailto%3Ainfo%40astswitch.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=164&exitLink=http%3A%2F%2Fwww.masterbond.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=164&exitLink=http%3A%2F%2Fmwjournal.com%2FEDICONUSA2016
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=164&exitLink=http%3A%2F%2Fwww.sectormicrowave.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=164&exitLink=http%3A%2F%2Fwww.srtechnology.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=164&exitLink=mailto%3Asales%40srtechnology.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=164&exitLink=http%3A%2F%2Fwww.astswitch.com


MWJ/IMS/PAPERS/0816

 

COME%JOIN%US%IN%HONOLULU%AND%ENJOY%THE%FLAGSHIP%MICROWAVE%THEORY%AND%
TECHNIQUES%SOCIETY%(MTT9S)%CONFERENCE%IN%THE%ALOHA%STATE%OF%HAWAI'I%

The%IEEE%Microwave%Theory%and%Techniques%SocietyLs%2017%International%
Microwave%Symposium%(IMS2017)!will!be!held!4!*!9!June!2017!at!the!Hawai‘i!
Convention!Center!in!Honolulu,!Hawai‘i!as!the!centerpiece!of!Microwave!Week!
2017.!IMS2017!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.!As!usual,!the!Microwave!Week!2017!technical!
program!also!comprises!the!RFIC!Symposium!(www.rfic9ieee.org)!and!the!
ARFTG!Conference!(www.arftg.org).!!
!
With!over!8000!participants!and!500!industrial!exhibits!of!state*of*the*art!
microwave!products,!Microwave!Week!is!the!worldSs!largest!gathering!of!radio*
frequency!(RF)!and!microwave!professionals!and!the!most!important!forum!for!
the!latest!research!advances!and!practices!in!the!field.!IMS2017!offers!
something!for!everyone:%

• The!first*ever!IMS!Hackathon!and!IMS!3*Minute!Presentation!
Competitions!

• A!5G!Summit!showcasing!next*generation!wireless!technologies!

• An!Executive!Forum!to!discuss!the!latest!in!5G!and!Internet!of!Things!(IoT)!

• RF!Boot!Camp!–!a!three*quarter!day!course!on!RF/microwave!basics!

• The!first*ever!IMS!Exhibitor!Workshops!for!exhibitors!to!present!the!

technology!behind!their!products!

• Networking!events!for!Young!Professionals!and!Women!in!Microwaves!!

• Student!Design,!Student!Paper,!Best!Industry!Paper,!and!Best!Advanced!

Practice!Paper!Competitions!!

• Project!Connect!for!under*represented!minority!engineering!students,!and!

the!PhD!Student!Initiative!for!new!PhD!students!

• Teaching)that)inspires…students)that)aspire!–!an!exciting!STEM!program!
exposing!middle!school!and!select!high!school!students,!as!well!as!their!
teachers,!to!RF/microwave!technology!

!

!

IMS2017!will!include!a!comprehensive!portfolio!of!events!featuring!recent!5G!
developments,!including!a!plenary!session,!focus!session,!workshops,!panel!
session,!and!a!technology*development!pavilion.!
!
Paper%Submission:!Authors!are!invited!to!submit!technical!papers!describing!
original!work!and/or!advanced!practices!on!RF,!microwave,!millimeter*wave,!
and!terahertz!(THz)!theory!and!techniques.!The!deadline!for!submission!is!5!
December!2016.!A!double*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!at!www.ims2017.org.!Papers!
will!be!evaluated!on!the!basis!of!originality,!content,!clarity,!and!relevance!to!
IMS.!!
!
Emerging%Technical%Areas:!IMS2017!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!IMS,!but!are!of!interest!to!our!attendees.!
!
Workshops,%Short%Courses,%Focus%and%Special%Sessions,%Panel%and%Rump%
Sessions:!Topics!being!considered!for!these!areas!include!Next*Generation!
Wireless!Systems!(5G!and!beyond),!Internet!of!Space,!Latest!Technologies!for!
RF/Microwave!Measurements,!and!Advances!in!RFIC!Technology.!Please!consult!
www.ims2017.org!for!a!more!detailed!list!of!topics!and!instructions!on!how!to!
prepare!a!proposal.!Proposals!must!be!received!by!6!September!2016.!
%
MicroApps%and%Exhibitor%Workshops:!The!Microwave!Application!Seminars!
(MicroApps)!serve!as!a!forum!for!IMS!exhibitors!to!present!technology!behind!
their!commercial!products!and!special!capabilities.!New!for!IMS2017!are!
Exhibitor!Workshops,!which!offer!IMS!exhibitors!a!chance!to!present!in*depth!
technical!topics,!via!two*hour!sessions,!in!a!meeting!room!off!the!exhibit!floor.!
Both!presentation!formats!are!open!to!all!conference!and!exhibit!attendees!–!
MicroApps!are!free!of!charge!and!Exhibitor!Workshops!require!a!nominal!fee.!
Please!visit!www.ims2017.org!for!details!on!submitting!MicroApps!and!
Exhibitor!Workshop!presentation!ideas.!

4!–!9!JUNE!2017!HONOLULU,!HAWAI'I
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!

Symposium%Chairs%
W.!Shiroma!(General!Chair),!K.!Miyashiro!(Co*Chair),!!
V.!Lubecke!(Vice!Chair)!
%
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BookEnd

T his book is a miracle. As author 
Geoff Varrall recounts, unlike each 
of the previous cellular generations, 

which took � ve years to develop, 5G’s ges-
tation is being compressed into two years 
so that it can be proudly demonstrated at 
the 2018 Winter Olympics in South Korea. 
Jumping into this frenzy, Varrall seeks to 
tell the story of 5G spectrum and stan-
dards — before they are fully de� ned. 
So he presents the options and consider-
ations, and he does an amazing job, given 
the compressed writing and publishing 
schedule. Among the topics addressed: 
the physical layer candidates (modulation, 
coding and multiplexing), the frequency 
bands allocated for 4G and possible bands 
for 5G, the process for allocating spectrum 
and coexistence issues. 

to-digital converters and digital signal 
processors.

You would think that covering 5G is 
enough. Yet the � nal chapter teases that 
it is not the � nal frontier, that future 
generations will expand to 3D radio ac-
cess networks (adding satellites) and use 
terahertz and optical signals. To learn 
about these, you’ll have to wait for Var-
rall’s next book — hopefully published 
at least a few years after the 2018 Winter 
Olympics.

Counter to how we typically think 
about spectrum, Varrall argues that 5G 
ought to be considered by wavelength, 
not frequency, since wavelength “de-
termines the form factor and functional 
performance of RF devices.” Using this 
taxonomy, he groups the physical layer 
options into three categories: the meter 
band (300 MHz to 3 GHz), the centime-
ter band (3 to 30 GHz) and the millime-
ter wave band (30 to 300 GHz). For each, 
he discusses services using the same 
bands and the RF considerations for 5G 
radio links. The chapter on the millime-
ter wave band, for example, spans from 
smart adaptive arrays and beam forming 
to RF power ampli� er transistors, � lters 
and substrate materials.

It’s not all about RF, though. 
Throughout its history, cellular has 
stood on the shoulders of digital signal 
processing. Varrall devotes a chapter to 
how Moore’s and Gene’s Laws have en-
abled the industry and the relationship 
between increasing channel bandwidth 
and the current performance of analog-
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UMass Lowell Sees the Future – Printed Electronics

A
s Dustin Ho� man’s character in “The Graduate” 
was famously told, “I just want to say one word 
to you. Just one word. Plastics.” But in this case, 

it’s actually three words — 3D printed plastics. 
The Printed Electronics Research Collaborative (PERC) 

at the University of Massachuse� s in Lowell has estab-
lished a world-class Additive Manufacturing and Printed 
Electronics research center rooted in real-world applica-
tions. PERC is developing innovative circuits such as fre-
quency selective surfaces, antennas, phased arrays and 
tunable devices printed on plastic materials, with a focus 
on RF and microwave applications. The center is a strate-
gic partnership between industry, university and govern-
ment. It includes companies of all sizes, public and private 
universities, as well as DoD and New England partners who 
will help strengthen and expand the region’s capabilities in 
printed and � exible electronics.

Raytheon Co. is the leading sponsor and recently dedi-
cated the Raytheon-UMass Lowell Research Institute 
(RURI), a joint research facility focused on the advance-
ment of innovative technologies including � exible and 
printed electronics. RURI serves as a launch pad for collabo-
ration and learning among UMass Lowell faculty, students 
and Raytheon employees (some are right on site). PERC 
has eight corporate sponsors: Raytheon, Rogers Corp., 
BAE, Micro Chem, FLEXcon, Creative Materials, SI2 Tech-
nologies and TSI. These projects leverage various academic 
departments (electrical engineering, plastic engineering, 
mechanical engineering) and other research centers (e.g., 
nanomanufacturing) for a truly interdisciplinary e� ort.

The lab is set up to design, fabricate and characterize 
materials and prototype devices quickly. If a design does 
not work, the CAD model is easily modi� ed and the next 
device can be made in hours. This completely changes the 
paradigm in electronics prototyping compared to develop-
ing an expensive mask set and waiting months to get a 
wafer lot run processed in a fab. A major objective of PERC 

is to develop a future supply chain for printed electronics. 
The facility is made up of � ve labs occupying 8,000 

square feet of space, including modeling, printing, micro-
wave test, antenna characterization, and packaging and 
subsystem integration labs. The modeling lab primarily 
uses the ANSYS suite of software tools and commonly 
simulates across many tools such as EM, and mechani-
cal and thermal solvers. The work is very hands-on, with 
much of the action in the printing lab, where various 2D 
and 3D printers are buzzing, including a custom 3D printer 
designed and built by students. One student explained 
how commercial 3D printers do not work well with unusual 
plastic � laments — particularly the electrically conductive 
� laments — because they are more thermally conduc-
tive than standard plastic � laments, which tend to gum 
up the extruders in commercial 3D printers. So he built 
a 3D printer from scratch, creating the parts he needed 
using  another 3D printer. He replaced the brass nozzles 
with stainless steel and redesigned some other parts like 
the feeding mechanism. The students also built their own 
anechoic chamber.

 PERC uses commercially available conductive plastics 
as a seed material for electroplating, selectively plating 
areas on complicated geometries by printing the conduc-
tive plastic only on the areas to be plated and using normal 
non-conductive plastics for the other areas. The most 
important material that PERC has developed is a ferro-
electric ink that enables varactors to be printed onto their 
circuits for tunable applications such as tunable FSS and 
phased arrays. No other organization has this material. 
They have also printed coplanar waveguide structures and 
3D antennas, plus developed a process for printing � at 
structures onto 3D objects, which would enable circuits or 
antennas to be printed onto objects. PERC is an innova-
tive cooperative doing leading edge development in additive 
manufacturing and printed electronics. Look for more 
innovation to come.
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GaN 101
GaN is a compound semiconductor using 

III/V group elements that represents a leap 
ahead of existing GaAs technologies for many 
RF applications. GaN high electron mobility 
transistors (HEMT) are constructed using very 
similar fabrication techniques as GaAs RF de-
vices but provide signifi cant advantages.

The reason for the leap in technology GaN 
has over GaAs results from signifi cantly higher 
operating RF power density and higher reli-
ability. The secondary benefi ts built on these 
fi rst two are: smaller chips for a given output 
power; smaller modules; higher overall effi -
ciency due to lower combining losses; lower 
module assembly cost; higher power handling 
survivability and higher impedance for large 
devices, making for easier impedance match-
ing.

The inherent advantage of GaN over GaAs 
is due to basic physics of the devices and ma-
terials. GaN is referred to as a wide bandgap 
semiconductor because of the wider energy 
gap between the valence and conduction 
bands, compared to conventional semiconduc-
tors. The wider energy gap (3.4 eV for GaN 
compared to 1.42 eV for GaAs) allows higher 
electric fi eld strengths and higher breakdown 
fi elds, which translate into higher operating 
voltages.1

Another advantageous characteristic of 
GaN is electron drift velocity, which in GaN 
increases with higher fi eld strength, while it 
decreases with higher fi eld strength in GaAs. 
Another way of describing it is that the low 
fi eld drift velocity of GaAs is superior to GaN, 
but the high fi eld drift velocity of GaN is far 
superior to GaAs. The peak in this character-
istic (electron drift velocity vs. fi eld strength) 
is the saturation velocity. In GaN it is 2.46 × 
107 cm/s, while GaAs is 1.8 × 107. However, 
at high fi elds where GaN is 2.46 × 107, GaAs 
electron drift velocity is under 1 × 107.1 Since 
electron drift velocity is related to current 
density, it basically means that at high voltage, 
GaN is also capable of high current, whereas 
GaAs is not. Also, since power is a function of 
voltage and current, the wide energy gap and 
high drift velocity make for ideal high power 
devices. For these reasons, GaAs will never 
outperform GaN for high power applications; 
however GaAs should retain its applicability in 
low voltage and low power applications.

A third important aspect of GaN technol-
ogy, especially for power devices, is the sub-
strate material. Since GaN substrates were 
not very advanced and were thermally inferior, 
silicon carbide (SiC) emerged as the best sub-
strate material for GaN RF power devices. The 
thermal conductivity of SiC is superior to other 

Space Fence Radar 
Leverages Power of GaN
Justin Gallagher, Joseph A. Haimerl, Thomas Higgins and Matthew Gruber
Lockheed Martin MST, Moorestown, N.J.

Editor’s Note: Because of its high power density, GaN is widely recognized 
as providing a step-function increase in the capability of solid-state power 
amplifi ers. Arguably not as well known is the impact GaN is having at the 
system level, particularly military systems. While logical to assume GaN 
enables evolutionary improvements, in some cases the system would not be 
possible without GaN. The Space Fence radar is one example, described in 
this article by Lockheed Martin.
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substrates, such as silicon or sapphire, 
and allows the high power potential 
of GaN to be realized. The thermal 
conductivity of SiC is approximately 
10× better than GaAs. These advan-
tages allow operation of systems and 
sensors that would not have been pos-
sible with GaAs semiconductors. For 
example, new systems have steep re-
quirements for both performance and 
operational availability. GaN enables 
sensors to operate with longer reli-
ability and be driven harder (i.e., lon-
ger pulse width per duty cycle), based 
on the inherent higher power density 
properties.

Assessing reliability, GaN devices 
can operate at a much higher channel 
temperature than GaAs for equivalent 
reliability; at equivalent channel tem-
peratures, GaN achieves much higher 
reliability. Comparing the reliability of 
Qorvo’s GaN and GaAs technologies 
(see Figure 1), at Tc = 150°C the me-
dian life of GaN is 1 × 109 hours vs. 1 
× 106 hours for GaAs. At 1 × 106 hour 
median life, GaN can operate 75ºC 
hotter than GaAs (i.e., 225°C for GaN 
vs. 150°C for GaAs).2

Overall, GaN can lead to smaller, 
cheaper, more effi cient and higher 
power RF modules. For example, a 
single GaN MMIC high power ampli-
fi er (HPA) can replace a pair of GaAs 
HPAs which need a power combiner/
divider, extra supporting components 
and additional assembly. Effi ciency is 
gained not only at the MMIC level, 
where on-chip combining losses are 
reduced, but also at the module level, 
where combining losses are elimi-
nated when two or more GaAs HPAs 
need to be combined. 

Use of GaN HPAs in solid-state 
phased array radar provide numerous 
benefi ts. As described, GaN supports 
higher output power, higher transmit 
duty factor and longer pulse lengths 
than previous technologies, such as 

GaAs and Si BJT. These allow smaller 
aperture sizes and reduce overall sys-
tem acquisition costs. Since GaN op-
erates at higher effi ciency, operational 
costs are also reduced, as less prime 
power is consumed and less heat is dis-
sipated, reducing the need for active 
cooling. An example of this would be 
an existing radar which utilizes a solid-
state semiconductor such as GaAs. An 
equally sized radar employing GaN 
would benefi t from a signifi cant in-
crease in radar range with a slight 
increase in prime power. Conversely, 
for the same prime power, the power 
density of GaN could signifi cantly re-
duce the radar aperture. This has fi rst 
order effects of reducing acquisition 
costs, including both front-end and 
back-end electronics. Lastly, GaN has 
higher reliability than previous tech-
nologies. Higher reliability reduces 
operational costs through reduced 
maintenance and spare parts. 

SPACE FENCE RADAR
Space Fence is a ground-based 

system of S-Band radars designed to 
greatly enhance the U.S. Air Force 
Space Surveillance Network. Space 
Fence provides unprecedented sensi-
tivity, coverage and tracking accuracy 
and contributes to key space mission 
threads, with the ability to detect, 
track and catalog small objects in low 
Earth orbit (LEO), medium Earth 
orbit (MEO) and geosynchronous or-
bit (GEO). Space Fence’s capabilities 
of detecting, tracking and cataloging 
hundreds of thousands of satellites 
and debris in orbit around the earth 
will revolutionize space situational 
awareness.3

Space Fence includes up to two 
minimally manned radar sites (see 
Figure 2). The fi rst radar site is un-

der construction on Kwajalein Atoll 
in the Pacifi c Ocean near the equator 
and is expected to become operation-
al in late 2018. The second site, cur-
rently an unfunded contract option, 
is located in Western Australia. The 
sensor sites provide assured coverage 
for objects in LEO and are integrated 
through an operations center located 
in Huntsville, Ala.

The initial Kwajalein radar will 
provide a persistent surveillance 
“fence” comprised of thousands of ra-
dar beams covering LEO altitudes. As 
the Earth rotates, this fence sweeps 
the space around the Earth, providing 
assured coverage to detect satellites 
and orbital debris. To form high qual-
ity orbital estimates, objects that cross 
the fence are tracked over long arcs 
with dedicated beams. Space Fence 
can also be tasked to search for higher 
altitude objects in MEO and GEO. 
The optional second site will comple-
ment the fi rst site’s LEO coverage 
and also provide tasking capability to 
MEO and GEO.3

As shown in Figure 3a, each ra-
dar site features a design with closely 
spaced but separate transmit and re-
ceive phased array antennas, prime 
power and liquid cooling. The trans-
mit array building houses a 36,000 el-
ement transmit phased array antenna 
beneath an air supported low loss 
Kevlar environmental radome. The 
receive building supports an 86,000 
element array, also under a low loss 
Kevlar radome. Both arrays are pro-
vided power and cooling through the 
common services building. Radar data 
processing and control of the aper-
tures is performed off-array in com-
mercial off-the-shelf (COTS) process-
ing equipment located within the op-
erations building. Both transmit and 
receive arrays are automatically cali-
brated with horns that are mounted 
on calibration towers and can transmit 
or receive test signals. The extremely 
large phased arrays are optimized 
for high availability and low lifetime 
support costs and use GaN HPAs 
for transmit amplifi cation, provid-
ing unprecedented sensitivity to de-
tect small objects. On receive, digital 
beam forming (DBF) at the element 
level permits thousands of simulta-
neous beams instantaneously in any 
direction. This enables the system to 
provide persistent LEO surveillance 
coverage while simultaneously track-

 Fig. 1  Reliability comparison of Qorvo 
GaN and GaAs PHEMT processes.
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 Fig. 2  Space Fence comprises two radars, 
one located near the equator at Kwajalein 
Atoll and an optional second site in Western 
Australia.
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waveform generation, up-conversion 
to S-Band and high power GaN am-
plifi cation for eight transmit radiating 
elements. Mounting the LRUs on the 
sides of the cold plates provides the 
GaN HPAs with a direct and effi cient 
thermal path. To provide high system 
availability, the LRUs are serviceable 
from beneath the array and can be re-

3b). A scalable facility structure sup-
ports liquid cooled cold plates, which 
house the radar electronics. Radiator 
tiles are mounted on the top of the 
cold plates while “radar-on-a-board” 
digital transmit and receive line re-
placeable units (LRU) are mounted 
on the sides (see Figure 3c). Each 
transmit LRU incorporates digital 

ing hundreds of objects, performing 
cued search tasks in other surveil-
lance regimes (including MEO and 
GEO) and supporting user-defi ned 
fl exible surveillance volumes. Trans-
mit and receive arrays are oriented 
to face straight up and are designed 
integrally with the building (see the 
transmit array cutaway in Figure 

 Fig. 3  Space Fence radar site (a) cutaway of the transmit array (b) and cross-section of the “radar-on-a-board” transmit LRUs (c).

 Fig. 4  Digitizing at the element, instead of combining multiple elements into subarrayed receivers, enables beams to be formed anywhere in 
the array FoR (a). Multiple frequency channels, each for a different radar function, can be received at the same time by beams on the receive array, 
allowing many functions to be performed simultaneously (b). GaN is the only technology that supports the “machine gun” transmit sequence, 
with long pulses and high duty factor (c).
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with the associated acquisition cost and 
operating costs. Use of GaN HPAs are 
needed to support the resulting con-
catenated “machine gun” like transmit 
sequence, which is longer and transmit 
higher duty factor than supported by 
other technologies (see Figure 4c).

At the start of concept develop-
ment for Space Fence in 2007, Lock-
heed Martin leveraged an existing 
Independent Research and Develop-
ment (IRAD) project that was matur-
ing GaN for use in radar applications. 
Over the course of the Space Fence 
development, GaN was optimized to 
the Space Fence application for ad-
ditional effi ciency and reduced op-
erational costs. Lockheed Martin also 
embraced an open foundry concept 
and worked with two suppliers to de-
velop GaN for Space Fence. Space 
Fence transmit LRUs have been suc-
cessfully tested with GaN modules 
from both of these companies. Use of 
multiple suppliers reduced program 
risk and provided competition to re-
duce acquisition costs.

With the large Space Fence arrays 
and number of GaN devices, high re-
liability is necessary to keep mainte-
nance costs down. To ensure mature 
technology, Lockheed Martin tested 
the Space Fence GaN amplifi ers at 
the module, at the transmit LRU and 
at the array. After years of extensive 
testing (more than 5,000 hours of life 
testing, including accelerated life test-
ing), the technology has proven to be 
extremely robust, showing a high re-
liability confi dence level which sup-
ports the rigorous operational avail-
ability of the mission. 

Since 2011, Lockheed Martin has 
had an operational end-to-end sys-
tem prototype employing all its criti-
cal technologies, including GaN and 
element level DBF, in scaled-down 
arrays (see Figure 5). Prototype 
system data was used by the U.S. 
Air Force in a technology readiness 
assessment in 2015, resulting in a 
Technology Readiness Level (TRL) 7 
and Manufacturing Readiness Level 
(MRL) 7. In January 2016, an Inte-
gration Test Bed (ITB) using fi nal 
production hardware was commis-
sioned in Moorestown, N. J. The ITB 
supports hardware/software integra-
tion, maintenance training and verifi -
cation testing; it will provide remote 
support to the integration of Sensor 
Site 1 on Kwajalein Atoll. 

technologies, such as GaAs or Si BJT 
didn’t support these pulse lengths at 
the required output power.

The long pulse capability of GaN 
in the transmit array also enables ex-
tremely effi cient timeline utilization 
of the radar when combined with ele-
ment level DBF in the receive array. 
Space Fence has a receiver connected 
to each array element within the re-
ceive array to digitize the returned 
signals. Unlike subarrayed antennas, 
which combine multiple elements in 
microwave electronics prior to digitiz-
ing to reduce the number of receivers, 
the beams in an element level DBF 
system can be simultaneously placed 
anywhere in the fi eld-of-regard (FoR) 
of the array. Subarrayed approaches 
limit the digitally formed beams to 
constrained volumes and require 
changing analog phase shifters to move 
the volume from one radar event to the 
next (see Figure 4a). Space Fence is 
able to use its fl exibility along with fre-
quency multiplexed functions within 
the receiver band to form thousands of 
beams simultaneously (see Figure 4b). 
This allows many functions that would 
have been performed sequentially to 
be performed simultaneously, reduc-
ing the Space Fence array sizes along 

moved and replaced in less than 1½ 
minutes while the array is operating.

GaN high power amplifi cation was 
one of the critical enabling technolo-
gies for the Space Fence solution. Rela-
tive to other technologies, the high out-
put power of GaN reduces the number 
of transmit elements to achieve the 
required sensitivity for the target size, 
which reduces overall acquisition cost. 
GaN’s high effi ciency also reduces 
power consumption and heat dissipat-
ed, which reduces operational costs for 
the sensor site. In order to effectively 
support the LEO orbital regime (and 
tasking up to GEO) and get suffi cient 
energy back for detection, transmit 
pulse lengths need to be long. Previous 

 Fig. 5  Space Fence prototype: antenna 
building (a) mission operations center 
(b) and critical design review (CDR) 
demonstration.

 Fig. 6  Wolfspeed DPA Title III 
performance improvement (a) and reliability 
(b).  
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Bandgap program which funded vari-
ous semiconductor foundries to ma-
ture the technology, investing approxi-
mately $150 million. This program fol-
lowed the successful initiatives of the 
1980s and 1990s to fund GaAs, such as 
DARPA’s MIMIC and MAFET pro-
grams. Among the key parameters and 

OPEN FOUNDRY MODEL
The development of GaN with ever 

increasing government funding has 
been occurring since the 1970s.4 Since 
the early 2000s, both the Department 
of Defense and commercial foundries 
have considerably increased this fund-
ing. One example is the DARPA Wide 

facets of the technology development 
were the physics of the devices, to un-
derstand and unleash the potential of 
the superior physical properties of the 
semiconductors, and the development 
of accurate models.

The completion of the DARPA 
Wide Bandgap program in 2011 led to 
an additional program funded through 
the Defense Production Act (DPA) 
Title III program offi ce. The mission of 
the DPA Title III program is to “create 
assured, affordable and commercially 
viable production capabilities and ca-
pacities for items essential for national 
defense.” The main focus of the GaN 
Title III program was to improve the 
manufacturability of GaN, essentially 
to increase the MRL to level 8. The 
program was structured as three phas-
es: 1) baseline manufacturing readi-
ness, 2) improvement and refi nement 
of processes and 3) fi nal manufacturing 
readiness assessment. 

Wolfspeed was able to substantial-
ly increase their yield over the three 
phases, while simultaneously reduc-
ing cycle time and wafer processing 
costs (see Figure 6).5 Over the three 
phases, yield increased 76 percent for 
S-Band devices, cycle time reduced 
23 percent and wafer costs decreased 
49 percent. Reliability of 1 × 107 

hours was demonstrated at a channel 
temperature of approximately 275°C. 
Through manufacturing process re-
fi nement and building signifi cant ro-
bust wafer lots, Wolfspeed reached 
MRL 8 in 2014, i.e., demonstrated 
pilot line capability and ready to be-

 Fig. 7  Commercial and military products using GaN (a) and projected GaN market growth (b). Commercial pull for GaN will be more than 
2x military applications by 2019.6
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of both the DARPA Wide Bandgap 
and DPA Title III programs, GaN has 
been following a Si CMOS trajectory, 
in terms of applications and utiliza-
tion in commercial markets.6 GaN has 
found its way into base stations, medi-
cal equipment and even residential/
commercial lighting available at local 
hardware stores (see Figure 7).

Lockheed Martin employs an open 
foundry model (LM OpenGaN), 
which leverages the commercial mar-

gin low rate initial production (LRIP). 
One of the other major commercial 
foundries, Qorvo (formerly TriQuint) 
was the only funded foundry that 
achieved MRL 9 in 2014, i.e., demon-
strated LRIP and capability in place to 
begin full rate production (FRP).

GaN has been inserted into sev-
eral Lockheed Martin and other DoD 
contractor systems and has achieved 
TRLs through level 9. Space Fence has 
achieved TRL 7. Since the completion 

ket for the best technology at the most 
competitive cost. The cost of owning 
and running a foundry year after year 
can be signifi cant. Given the growth 
projections for semiconductors, in 
general, it makes more sense to allow 
high commercial volumes to mature 
the technology process and drive costs 
down.7 A study conducted by Strategy 
Analytics6 (see Table 1), identifi ed 
Qorvo and Wolfspeed as GaN leaders, 
with no other domestic suppliers close 
to providing equivalent volume. In the 
semiconductor industry, volume pro-
duction lends itself to higher maturity, 
stable processes and lower costs.

Lockheed Martin adopted an open 
foundry model to address the De-
partment of Defense’s offi cial memo-
randum on Better Buying Power 3.0 
and the “3rd Offset,” with the goal 
of increasing the capability and rapid 
technology development required by 
the warfi ghter.8 It is not economical to 
have any particular foundry develop 
various semiconductor processes, not 
just III/IV (i.e., GaAs, GaN, InP) but 
also SiGe and CMOS.

GaN has had signifi cant investment 
over the past 10 years and is proven to 
be fi eld ready, reliable and cost com-
petitive with existing technologies (e.g., 
GaAs). The system benefi ts enable en-
hanced capabilities for backfi t military 
systems and are required for the per-
formance of future systems. The Space 
Fence program would not have been 
possible without GaN nor as success-
ful without the affordability enabled by 
the LM Open GaN foundry model.

THE FUTURE
The next generation of GaN devel-

opment is focused around increasing 
capability by pushing into higher oper-

TABLE 1
GaN MARKET SHARE

STRATEGY ANALYTICS, JANUARY 2015

Military 
Segment

Total 
Worldwide

Wolfspeed 19% 25%

Qorvo 24% 22%

Sumitomo 17% 22%

Raytheon 13% 7%

Northrop 
Grumman

11% 6%

UMS 6% 6%

Others 10% 12%
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While GaN is capable of generat-

ing extremely high RF power densi-
ties, thermal management remains 
a signifi cant challenge, especially 
at higher frequencies where ther-
mal density is most extreme. On the 
DARPA IceCool program, Lockheed 
Martin has made tremendous gains 
in unlocking the ultimate potential of 
millimeter wave GaN by developing 
a micro-fl uidically cooled HPA with 
a 3× reduction in thermal resistance 
compared to conventional thermal 
management solutions. This IceCool 
solution enables an 8.3 dB increase 
in output power for the same device, 
while simultaneously reducing operat-
ing temperature by increasing power-
added effi ciency between 2.5× and 
3.5×.9 Overall, these advancements 
will further extend the true potential 
of GaN and its ability to realize tre-
mendous capability upgrades for a 
wide variety of systems. ■
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S tandard measurement equipment 
such as network analyzers and spec-
trum analyzers are unable to record 

single transients. This limitation does not apply 
to the approach described here, making it par-
ticularly suitable for measuring non-periodic 
events. Not only RF behavior, but bias param-
eters as well, are recorded simultaneously. This 
places strict requirements on calibration of 
both the RF and bias circuits.  Because there is 
no second source at the output, only the input 
re� ection coef� cient (S11) and forward gain 
(S21) are determined.

Most related measurement approaches de-
termine breakdown under dc and pulsed dc 

conditions.1-4 Other measurement setups use 
load line analysis.5,6 All use sequential sam-
pling techniques and thus require periodic 
signals. In this article, however, real-time sam-
pling is used, allowing one-shot measurements 
essential for studying irreversible effects. 

MEASUREMENT SETUP
The measurement setup resembles a clas-

sic load-pull system (see Figure 1). A genera-
tor and power amplifi er provide the necessary 
RF-input power. A test fi xture with input and 
output boards allows easy assembly and pre-
matching of the device under test (DUT) while 
tuners provide matching to the 50 Ω environ-
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ment. In this case the transformer 
pre-matches 22.5 to 50 Ω. The 22.5 
Ω characteristic impedance is relat-
ed to the transmission-line structure 
formed by the leads of the transis-
tor package. DC power is provided 
through bias-tees. The scattering pa-
rameters are determined by means of 
directional couplers.

The load-pull setup is extended 
by real-time oscilloscopes with sev-
eral measurement channels. A TDS 
6124C by Tektronix and a WP 735Zi by 
LeCroy provide 8 measurement chan-
nels with 20 GS/s each for data re-
cording. The analogue bandwidths 
are 12 GHz (Tektronix) and 3.5 GHz 
(LeCroy), respectively.  Maximum 
memory depths of 8 M points/Channel 
allows a recording time of 400 µs in 50 
ps steps. This makes the digital record-
ing of the incident (a1), refl ected (b1) 
and transmitted (b2) waves from the 
directional couplers possible. Relevant 

bias current and voltages are recorded 
as a function of time via the other oscil-
loscope measurement channels.  

Voltage probes at the input and 
output boards measure gate and drain 
voltages while output drain current is 
measured with current probes. Be-
cause the fast drain voltage and cur-
rent probes have lower cut-off fre-
quencies, they are augmented with 
slower DC-coupled probes to record 
DC levels. The fast probes are band-
width limited on the high end as well. 
A step of the drain voltage detected 
through the fast probe yields a signal at 
the oscilloscope that rises with a time 
constant at the upper bandwidth limit 
and then falls with the much slower 
time constant of the lower bandwidth 
limit.  Table 1 shows the bandwidth 
limits of the relevant probes. 

With regard to the transition rang-
es, input voltage and output currents 
and voltages may be measured over a 

wide time interval, ranging from pico-
seconds to seconds — enabled by the 
instruments’ large memory depths. 
Numerous trigger options allow trig-
gering of many events. In this case, 
the trigger is activated by the lack of 
an output signal, i.e., the malfunction 
of the device under test.  Using spe-
cial features in the oscilloscopes, even 
events before the trigger are recorded 
and stored. Hence, it is also possible 
to look at the time prior to the mal-
function; then, the trigger event sim-
ply ends permanent signal recording.  
The trigger-out signal of the faster 
Tektronix oscilloscope is connected 
with the trigger-in of the second oscil-
loscope. This is triggered after a very 
short, precisely-defi ned time delay.  

CALIBRATION
In order to allocate the data to a 

timeline, it is necessary to fi rst cali-
brate each system (load-pull as well as 
probes) individually.  Then, both sys-
tems are adjusted to each other. 

For this purpose, voltage probes 
on the input and output boards are 
placed directly at the location of the 
device under test (i.e., Reference 
Plane 2 in Figure 1) and a signal with 
a fast slope (e.g., a step function) is 
applied at Reference Plane 1. Chan-
nels 1 and 2 (voltage probe input and 
output) are calibrated for 0 ps delay 
to the leading transient of the input 
signal by adjusting the skew for each 
channel individually. Probe attenua-
tion factors are determined separately 
using a calibrated signal generator 
output with a matched 50 Ω line. 

Loading of the DUT by the probes 
must also be considered.  The power 
transistors used here have low input 
and output impedances. Hence, the 
loading by the (nominal) real parts 
of the voltage probes of 500 Ω or 1 
kΩ, respectively, is marginal. The 
capacitive part of the voltage probe 
input impedance, however, must be 
taken into account when setting up 
the matching boards and performing 
through-calibration of the load-pull 
system. Hence, the capacitive part 
is considered when determining the 
optimal source and load impedances 
through load-pull. 

To determine the complex Gam-
ma, a calibration at Reference Plane 
1 with open, short and load is per-
formed. With known S-parameters 
of the tuners and test fi xture boards 

 Fig. 1  Measurement setup.

4 3 2 1 4 3 2 1

Scope (Tektronix)
Channel

Reference
Plane 2

Reference
Plane 1

Gen
Amp

Bias BiasCoupler Coupler Power

Test Fixture

Probe
UD (Slow)

Probe
ID (Slow)

Probe
ID (Fast)

Probe
UD (Fast)Probe UG

UG

UD

2 GHz

a1 b1 b2

Tuner TunerIn OutDUT

Scope (LeCroy)
Channel

TABLE 1
PROBE CHARACTERISTICS

Probes Resistance 
(Ω)

Attenuation/
Sensitivity

Lower 
Bandwidth

Upper
Bandwidth/τ

UG 500 -20 dB DC 6 GHz/60 ps

UD (fast) 1 k -37 dB 1.5 kHz 6 GHz /60 ps

UD (slow) 10 M -20 dB DC 500 MHz/700 ps

ID (fast) 200 mA/V 250 kHz 3 GHz/200 ps

ID (slow) 1 A/10 mV DC 50 MHz/7 ns

a1 50 ca. -40 dB 1 GHz 13 GHz

b1 50 ca. -40 dB 1 GHz 13 GHz

b2 50 ca. -40 dB 1 GHz 3.5 GHz
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miniature and lightweight amplifiers provide 
state-of-the-art performance for airborne, naval 
and ground-based applications.

To learn more, go to L-3com.com/EDD.  
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L-3com.com/ETI.
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power supply via bias tees. The DC 
bias point is set at a relatively low 
drain voltage (i.e., 28 V). Consider-
ing the infl uence of the probes, the 
optimum source and load impedances 
are determined by load-pull measure-
ments. Load-pull tuning is conducted 
only at 28 V in order to avoid the risk 
of transistor failure, because the tun-

nitride (GaN) transistor with 10 mm 
gate width are conducted at a fun-
damental frequency of 2 GHz. The 
purpose of these measurements is to 
examine the behavior of the transis-
tor during failure, when the drain bias 
voltage is increased step-by-step while 
keeping RF power constant.

The transistor is biased with a DC-

one can transform the refl ection coef-
fi cient from Reference Plane 1, in the 
direction of the DUT, to Reference 
Plane 2.  

TRANSISTOR MEASUREMENT
To demonstrate the performance 

and capabilities of the system, sin-
gle-shot measurements of a gallium 

 Fig. 2  High time resolution measurements.
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 Fig. 3  Medium time resolution measurements.
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high drain voltage, high drain current 
or high dissipated power. With data 
stored for the time prior to malfunc-
tion, the failure mechanism can be in-
vestigated in detail.

MEASUREMENT RESULTS
Using the calibration routine de-

scribed earlier, the measurement data 
stored in the memories of each chan-
nel is allocated to a timeline. The high 
memory depth of the oscilloscopes in 
single shot mode allows a good over-
view as well as the possibility to ex-
amine all details within the maximum 
sample rate of 20 GS/s.  Figures 2 
through 4 show the transistor param-
eters obtained in this way for different 
time scales. Analyzing this data one 
fi nds that the breakdown process oc-
curs in four phases:

Phase I: The fi rst changes appear 
at point t0 = -80 ns (trigger offset).  The 
drain voltage decreases while drain 
current and gate voltage increase.  
The output power still remains con-
stant.  It is probable that a drain-gate 
breakdown has occurred. The leakage 
current from drain to gate shifts the 
bias point (see Figure 5a). 

Phase II: At time t1 a further drain-
gate breakdown takes place forming a 
low-impedance connection between 
the drain and gate. The gate voltage 
becomes signifi cantly positive and the 
drain current increases rapidly.  Now, 
the output power and drain voltage 
drop continuously.  There is an over-
shoot at the slow drain voltage probe 
due to the probe inductance. The RF 
output power reaches its minimum.

The end of Phase II is denoted by 
t2 when the gate voltage reaches a 
maximum at +6 V. The drain current 
reaches a temporary maximum as well 
at t2.  This may be the point when the 
air bridge at the drain of the respec-
tive fi nger bends because of the high 
current density there (see Figure 
5b). Note that air bridges are more 
vulnerable to high current densities 

ing procedure takes 
it outside its safe op-
erating area at high-
er drain voltages.

The transistor is 
then driven to its 
P1dB point by ap-
plying the relevant 
source and load im-
pedances derived 
under 28 V bias. 
Next, the drain volt-
age is increased 
step-by-step, while 
keeping all other 
conditions including 
the RF input power 
unchanged. At a 
certain drain volt-
age, the transistor 
will fail. The Tek-
tronix oscilloscope 
triggers the failure 
of the RF-voltage 
and stops all other 
m e a s u r e m e n t s . 7 

This is independent 
of the reason for fail-
ure, which may be 
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 Fig. 4  Low time resolution measurements.
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 Fig. 5  Photograph of the damaged tran-
sistor, showing damage in the gate area (a) 
and at the drain air bridge (b).
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probe because of probe inductances.

This repeats for some time until 
the bias circuit capacitors are empty 
of charge. At the end, the air bridge 
melts and there is a permanent short 
at the drain air bridge and a short be-
tween gate and drain (and source) as 
a result of the breakdown. During the 
entire time after the failure, change 
of the input refl ection coeffi cient is 
monitored. It is assumed to be caused 
mainly by variations of the other oper-
ational parameters during the failure 
process.

Figure 6 shows the trend of the 
complex input impedance during 
transistor failure within a Cartesian 
coordinate system.  The change of the 
reactive part from 4 to 4.5 Ω with 6 Ω
in the interim is particularly remark-
able. Clearly, the impedance changes 
in discrete steps.  Presumably some 
parts of the gate fail which leads to a 
gradual decrease of the input capaci-
tance. Note that the input capacitance 
of a working transistor is higher be-
cause of the Miller capacitance and it 
decreases when gain is reduced. Thus, 
the input capacitance of the damaged 
transistor is lower than before.  After 
the damage, small parts of the gate 
structure are no longer operational 
and short circuit the entire transistor.

Measurements and photographs 
reveal the following picture for the 
possible course of destruction of the 
transistor:  Due to high fi eld strength 
and overheating, a drain-gate break-
down occurs starting from t0 onwards. 
The high current fl ow in turn causes 
a high current density within the cor-
responding drain air bridge.  These air 
bridges are not suffi ciently cooled by 
the substrate, become overloaded by 
the current, bend and in turn cause 
a short circuit. This short circuit re-
opens if temperature decreases and so 
an oscillation of drain shorting may oc-
cur. It is presumably the combination 
of the overheating of the transistor 
and the high drain fi eld strength that 
leads, fi nally, to transistor destruction.

CONCLUSION
The measurement setup described 

allows characterization of linear and 
non-linear DUTs with periodic and 
single transient events, up to a fun-
damental frequency range of 4 GHz. 
Its special feature is the detection of 
single transient events, also irreversible 
ones as encountered, for example, dur-

power supply. Now, the remaining 
current results from discharging of ca-
pacitance in the drain bias circuit.

Phase III: Due to the short cir-
cuit at the drain, the drain current 
increases, the drain voltage drops and 
the gate voltage returns to its default 

value because no 
current fl ows from 
drain to gate. As a 
consequence, the air 
bridge cools down 
and reopens the 
drain-source con-
tact.

Phase IV: Since 
the drain contact is 
open, the gate volt-
age increases rapidly 
again, but not to the 
high values at the 
beginning because 
the power supply is 
switched off and the 
drain voltage relates 
to the remaining 
charge in the bias ca-
pacitors. The effect is 
not seen at the drain 

since they are missing the heat sinking 
through the substrate. This bending 
brings the air bridge in close proxim-
ity to the metallization below and thus 
initiates a local breakdown.  

The resulting high current causes a 
protection fuse to switch off the drain 

 Fig. 6  Trend of the complex input impedance during transistor 
failure.

7

6

5

4

3

2
0 0.5 1.0 1.5 2.0 2.5 3.0

11

13

16

20

27

40

Im
ag

in
ar

y 
Pa

rt
 Z

 (
Ω

)

Input C
apacitance (pF)

Real Part Z (Ω)

Zopt Conjugate-
Complex in Accordance

With Tuner Position

Still Living
Just Blowing

Dead

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S28&exitLink=http%3A%2F%2Fwww.wenzel.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S28&exitLink=mailto%3Asales%40wenzel.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S28&exitLink=http%3A%2F%2Fwww.wenzel.com%2Fmodel%2Fmultiplied-crystal-oscillator-series-m


MWJ/SUPP/H&S/0816

HUBER+SUHNER AG 9100 Herisau/Switzerland
HUBER+SUHNER INC. Charlotte NC 28273/USA

Reliable, high Performance 
Highly mobile and deployed in harsh environments, connectivity as well as the safety of the command center 
are key aspects of RF-over-Fiber within an antenna remoting system. The use of fiber optic cables makes it 
possible to position the shelters further away from the antennas and contributes to high mobility

In addition to the RF-over-Fiber solution, HUBER+SUHNER offers any additional connectivity requirements
within a shelter. Our antennas, lightning protectors and military qualified cable assemblies are well-known 
and widely used in defense applications worldwide.

› aerospacedefense.hubersuhner.com

MWJ_Aug_Shelter_198x273mm.indd   1 11.07.2016   14:04:09

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S29&exitLink=http%3A%2F%2Faerospacedefense.hubersuhner.com


30  MILITARY MICROWAVES SUPPLEMENT ■ AUGUST 2016

MIlItary MIcrowaVes

High Power SSPA
: Chip & Wire, Assemblies, Modules & Systems
: Broadband, CW, Pulse & Linear Applications
: 1MHz to 47GHz, 3KW CW, 10KW Pulse
Block Up Converters
Low Noise Amplifiers
Block Up Converters
Low Noise Amplifiers

Exodus Advanced Communications, Corp.
3674 E. Sunset Road, Suite 100,
Las Vegas, Nevada 89120 USA
Tel : 1-702-534-6564
Fax : 1-702-441-7016
Email : sales@exoduscomm.com

Sales contacts
Inside Sales : Christy Strahan Anderson
Domestic/International Sales : Bill Liebman
Technical Sales : Effi Bainvoll

Journal - Aug Issue(0709) final.indd   1 2016-07-11   오전 9:52:41

7.  “TDS6000B & TDS6000C Series Technical 
Reference – Digital Storage Oscilloscopes Spec-
ifi cations and Performance Verifi cation Techni-
cal Reference,” Tektronix, October 2006.

Armin Liero received his 
Dipl.-Ing. degree in 
communication 
engineering from the 
Technische Universität 
Ilmenau, Germany, in 
1979. From 1979 to 1989, 
he was with the Academy 
of Science of the GDR, 
where he was responsible 
for design and 

development of the microwave part of Electron 
Paramagnetic Resonance Spectrometers. After 
1989, he spent six years in different companies 
working on the development of high-speed digital 
oscilloscopes and microwave components. In 1995, 
he joined the Max-Born-Institut, Berlin, and was 
responsible for the RF part of synchronization of 
LASERS (MBI) and Linear Accelerators (DESY 
Hamburg). He has been with the Ferdinand-Braun-
Institut, Leibniz-Institut für 
Höchstfrequenztechnik, Berlin since 2002. His 
current work is focused on microwave design 
techniques, packaging and development of 
high-current, short pulse LASER drivers. 

Silvio Kühn received his 
university degree in 
computer engineering 
2006 and his Ph.D. in the 
fi eld of microwave 
induced plasma excitation 
in 2012. He has been with 
Phasor Instruments since 
2013. His interests are 
network analysis and 
power electronics.  

Olof Bengtsson 
received his Ph.D. degree 
from the Department of 
Solid State Electronics 
(SSE), Ångström 
Laboratory, Uppsala 
University, Sweden, in 
2008. He was co-founder 
and managing director 
for the private limited 
company, Swedish 
Linear Microwave AB  

from 2002 to 2010. Since April 2009 he has been 
with the Ferdinand-Braun-Institut (FBH), Berlin, 
Germany, where he currently holds the positions 
head of the RF Power Lab and group leader for 
microwave measurements. His main interests are 
large-signal device characterization and high 
effi cient RF power amplifi er designs based on load 
and supply modulation. 

Wolfgang Heinrich 
received his Ph.D., and 
habilitation degrees from 
the Technical University 
of Darmstadt, Germany. 
He has been with the 
Ferdinand-Braun-
Institut (FBH) at Berlin, 
Germany, since 1993, as 
head of the microwave 
department and deputy 
director of the institute. 

He has also been a professor at the Technical 
University of Berlin since 2008. His present 
research activities focus on MMIC design with 
emphasis on GaN power amplifi ers, mmWave 
integrated circuits and electromagnetic simulation.

References
1.  B. D. Huebschman, A. Darwish, N. Golds-

man, E. A. Vivieros and A. Hung, “Investi-
gation of Breakdown Behavior for AlGaN 
HEMTs,” International Semiconductor De-
vice Research Symposium, December 2009, 
pp. 1–2. 

2.  E. Bahat-Treidel, F. Brunner, O. Hilt, E. Cho, 
J. Wurfl  and G. Trankle, “AlGaN/GaN/GaN: 
C Back-Barrier HFETs With Breakdown 
Voltage of Over 1 kV and Low,” IEEE Trans-
actions on Electron Devices, Vol. 57, No. 11, 
November 2010, pp. 3050–3058.

3.  M. Wang and K. J. Chen, “Off-State Break-
down Characterization in AlGaN/GaN 
HEMT Using Drain Injection Technique,” 
IEEE Transactions on  Electron Devices, Vol. 
57, No. 7, July 2010, pp. 1492–1496. 

4.  C. –S. Suh, Y. Dora, N. Fichtenbaum, L. Mc-
Carthy, S. Keller and U. K. Mishra, “High-
Breakdown Enhancement-Mode AlGaN/
GaN HEMTs with Integrated Slant Field-
Plate,” International Electron Devices Meet-
ing, December 2006, pp. 1–3.

5.  W. McGenn, J. Powell, M. Uren, J. Benedikt 
and P. J. Tasker, “RF Waveform Method for 
the Determination of the Safe Operating Area 
of GaN HFET’s for Amplifi ers Subjected to 
High Output VSWR,” European Microwave 
Integrated Circuits Conference,  September 
2010, pp. 282–285.

6.  M. Demmler, P. J. Tasker and M. Schlech-
tweg, “A Vector Corrected High Power 
On-Wafer Measurement System with a Fre-
quency Range for Higher Harmonics up to 40 
GHz” 24th European Microwave Conference, 
September 1994, pp. 1367–1372.

ing device failure. The system collects 
time-dependent data of bias as well as 
RF quantities, including S-parameters.

Its potential is demonstrated by in-
vestigating the failure mechanisms in 
a high-power GaN microwave transis-
tor. In this way, conclusions regarding 
possible failure mechanisms can be 
drawn to assist in optimizing the de-
vices and improving reliability. For 
example, it is found that care must be 
taken in designing the periphery such 
that all air bridges have a suffi cient 
heat sinking to avoid thermal overload 
under all operating conditions.

One should note that the approach 
presented is not limited to the 4 GHz 
range used in our experiments. Oscil-
loscopes with bandwidths of up to 60 
GHz and sample rates of up to 160 
GS/s are state of the art. With the 
newest equipment, the approach de-
scribed above could be extended to 
cover the 10 to 20 GHz range. More-
over, ongoing developments in the 
fi eld of real-time oscilloscopes will en-
able further improvements in capabil-
ity using this technique. ■
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M odelithics and Qorvo are collabo-
rating to provide designers with 
free access to state-of-the-art high 

accuracy models for a growing number of pow-
er GaN transistors. The available and develop-
ing GaN model library supports simulation-
based design fl ows for GaN power amplifi ers 
(PA) with output power requirements from 5 
W to over 500 W. This article summarizes the 
library content, features and devices as well as 
circuit level “closed loop” PA validations of the 
new models. 

Microwave power amplifi er design has been 
a hot research and development topic for sev-
eral years now. What keeps the topic interest-
ing and advancing is the interesting mix of new 
applications with challenging requirements, 
combined with ever changing technologies that 
have gone from Silicon to GaAs to GaN (and 
for a few applications back to Silicon) over the 
years. GaN has emerged as the clear technol-
ogy winner for high power/high frequency ap-
plications and there are signifi cant investments 
and rapidly evolving product advances in the 
worldwide GaN device and GaN power ampli-
fi er market. 

Traditionally, microwave power amplifi er 
design has been accomplished with a lot of 
know-how and very little if any computer sim-
ulation. For many the simple, but extremely 

practical “Cripp’s Technique”1 of load-line 
based analysis suffi ces to produce a simple 
starting point design that is built then taken to 
the lab where skilled technicians and engineers 
use their know-how to tune and tweak at the 
board level until desired specs are met.

Others rely strictly on load-pull data to de-
fi ne their design criteria for achieving power 
amplifi er output matching goals that achieve 
some desired compromise between output 
power, effi ciency and linearity. A limitation is 
that load-pull data is expensive to acquire at 
each frequency and may not always be avail-
able at desired frequencies for new designs. 
Usually, bench tuning is still needed to achieve 
the desired performance goals. 

The classroom of “old school” PA design is 
clearly the power test bench, producing “grad-
uates” who are experts in knowing how to move 
capacitors and foil around on a breadboard cir-
cuit to achieve desired goals. A very worthwhile 
skill indeed, and many PA gurus out there re-
ally know how to make these approaches work 
to produce excellent power amplifi er products; 
however, this build-test-tune approach is not 
always the most effi cient. 

The availability of accurate nonlinear mod-
els,2,3 combined with powerful EDA tools such 
as Keysight Technologies’ Advanced Design 
System and similar tools, has changed the para-
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Such simulation capability can also be very useful in guid-
ing post-fabrication adjustments, if needed, to improve or 
fi ne tune bench performance. As a result, many modern 
designers will not even consider using a new PA transistor 
if a model is not available. Another trend for many design-
ers that want to use “waveform engineering”4 for optimiz-
ing high effi ciency PA operating modes such as class B, AB, 
class F, and class J, among others, is the demand for access 
to intrinsic voltage and current ports.

The Modelithics®-Qorvo GaN Library was created to 
meet the increasing demand in accurate nonlinear models 
for GaN devices by PA designers. This article describes the 
content, advantages and novel features of this growing li-
brary, and presents examples of validations being done to 
validate the quality and accuracy of the models at the de-
vice and circuit level. The library is currently available for 
use in Keysight Advanced Design System (ADS) and NI-
AWR Design Environment. The library, model features 
and validations will be demostrated using Keysight ADS 
EDA software. 

GaN LIBRARY DESCRIPTION
The current version (1.7) of the library includes models 

for 17 die and 35 packaged devices, with many more mod-
els in development. The model library is set up to maximize 
designer convenience with a simple “click through” instal-
lation process and detailed model information data sheets 
accessible within the simulator. For example, in Keysight 
ADS, this is done simply by clicking the “Help” button on 
the model parameter pop-up window. The GaN Library is 
being distributed and supported by Modelithics for free, 
with sponsorship provided by Qorvo. Among the advantag-
es of this arrangement is professionally managed software 
support, version control and frequent updates. With each 
update, additional models and model updates are provided 
and all models are kept up to date and operational with the 
latest EDA software revisions. 

The GaN models themselves are currently based on a 
customized version of the Chalmers Angelov model.5 Ad-
vanced custom features of the models that benefi t the de-
signers include the following:
• Scaling of operating voltage (VdsQ) 
• Ambient temperature and partial or full ON/OFF self-

heating affects 
• Intrinsic voltage/current node access for waveform op-

timization 
• Switch to turn on/off bond wires for die models, as ap-

plicable. 
Figure 1 shows a typical die model ADS symbol show-

ing the user inputs for the model. VdsQ for this particular 
model can be scaled from 12 to 28 V, while other models in 
this library can have values as high as 50 V depending on 
the device nominal operating bias condition. This can be 
thought of as a “scalable” sweet spot for the model. This is 
in contrast to typical nonlinear models; although they are 
inherently bias scalable, they are generally tuned for best 
performance around a particular operating voltage. This 
bias scalability feature improves accuracy for variable bias 
conditions and, for example, takes into account the fact 
that the Pulsed I-V data used to build the model is differ-
ent when pulsed from different VdsQ values as shown in the 
model results of Figure 2a.

digm of power amplifi er design so that less time is spent on 
bench tuning. Instead, more and more PA designers start 
with model-enabled nonlinear simulation design fl ows, 

which increas-
ingly can lead to 
design goals being 
met on the “fi rst-
pass” of fabrica-
tion and test, with 
little or no tuning. 
The availability of 
complete model-
enabled PA circuit 
simulations allows 
for optimization 
of nonlinear cir-
cuit performance 
for complex sets 
of PA goals over 
either narrow or 
wide bandwidths. 
Nonlinear models 
provide signifi cant 
benefi ts to de-
signers who want 
quick turnaround 
designs, but may 
not have measured 
load-pull data at 
target frequencies. 

 Fig. 1  Die model schematic (a) and die 
with reference planes (b). 

(a)

(b)

Model and Measurement Reference
Planes (BWremoval = 0)

Model and Measurement Reference
Planes (BWremoval = 1)

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S34&exitLink=http%3A%2F%2Fwww.centerlinetech-usa.com


MIlItary MIcrowaVes
This feature is not present in pack-
aged devices, for models of die that 
can be directly wafer probed and for 
die models developed as scaled ver-
sions of measurement-based models 
from smaller die sizes. 

Based on designer feedback, all 
models in the library provide for ac-
cess to intrinsic voltage and current 
nodes for use in waveform analysis 
and optimization. Figure 3 illustrates 
the concept. The goal is to provide de-
signers access to the voltage/current 
nodes at the model’s drain-to-source 
current generator plane while remov-
ing all parasitic effects. As seen in Fig-
ure 3b, the reactance of the parasitics 
causes the simulated dynamic load line 
to swing outside the constraints of the 
I-V plane, even to negative currents; 
properly extracted intrinsic waveforms 
do not. Figure 4 shows simulated in-
trinsic voltage and current waveforms. 
It is reassuring to see that the class A, B 
and AB currents are behaving as classi-
cally we would expect, with a full-wave 
current for Class A, half-wave rectifi ed 
for Class B, and a similar, but reduced 
“conduction angle”6 waveform for the 
Class AB current.

The models allow the designer to 
take ambient and self-heating effects 
into account as well. Figure 2b shows 
simulation of I-V data with the “self 
heat factor” of Figure 1 set to 0 (no 
self-heating) and 1 (full self-heating, 
used for static bias/CW conditions). 
As another advanced custom feature, 
intermediate values between 0 and 1 
can be used to estimate approximate 
partial self-heating effects of pulsed 
signals by setting the self heat fac-
tor equal to the duty cycle. Ambient 
temperature variation is provided by 
the “temperature” input to the model, 
which for this particular model is fi t to 
temperature varied data over a range 
of 25° to 85°C. This range may vary as 
documented in the model information 
data sheet provided for each model. 

The bond wire removal feature is 
provided for die models developed us-
ing fi xtures with bond wires present. 
It allows users to conveniently either 
recreate the same simulation valida-
tions shown in the model information 
data sheet provided with bond-wires 
included, or remove the bondwires 
for embedding the model within their 
own unique circuit environments.  

 Fig. 2  Quiescent bias voltage (VdsQ) 
scaling (a) and self heating effects (b) for the 
model of Fig. 1. Vgs range is -4 V to +1 V 
with a 0.5 V step.
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PAE/Gt power swept data. Some de-
vice models also include fi tting against 
noise parameter data. 

Figure 5 contains a few snapshots 
of the type of information contained in 
the data sheets for one of the most re-
cently added GaN die devices based on 
a 0.15 um technology process. As sum-
marized in the model features block 
(see Figure 5a), this particular model 
for the Qorvo TGF2935 device was 
validated to 40 GHz for S-parameters 
and at 10 and 18 GHz for high power 
performance on a large-signal load-pull 
bench. A snapshot of simulated and 
measured I-V performance is shown 
at two temperatures (see Figure 5b). 
An assembly diagram clarifi es refer-
ence planes and bond-wire details (see 
Figure 5c). A plot of swept transducer 
gain (Gt) and effi ciency versus output 
power validates the model’s high power 
behavior against measured data (see 
Figure 5d). Large-signal and small- 
signal models are also available for the 
0.15 um technology die devices that 
accurately predict noise parameters 
up to 26 GHz.

Similar information is provided for 
packaged device models as suggested 
by Figure 6, which includes selected 
information from the model data sheet 
for the 285 W Qorvo T1G2028536-
FL-001 device. The model features 
block (see Figure 6a) shows that this 
model is validated to 3 GHz for S-pa-
rameters, is temperature scalable and 
is validated against high power data at 
1 and 1.5 GHz. Also shown are plots 
of simulation versus measurement for 
load-pull and power drive up data.

PA CIRCUIT VALIDATIONS 
In addition to the device level mod-

el validations discussed above, valida-
tions are also performed at the power 
amplifi er circuit level. This section, 
discusses four examples of simulation-
based PA reference designs that have 
been used for additional model valida-
tions of packaged device models from 
the GaN library. These PA designs 
range from medium to high power us-
ing several unique device models in 
this library, with each model display-
ing its value in achieving successful 
fi rst-time designs. All of the designs 
presented are as measured after fi rst 
assembly with no board tuning or bias 
adjustment.

For ‘closing-the-loop’ on initial 
measurements and simulations for 

tions employing a reference design. 
Typical data sheets contain 15 to 20 
pages (or more) of information. Ex-
ample device validations include sim-
ulated model agreement to applicable 
measurements of current-voltage 
(I-V) characteristics, multi-bias S-
parameters, load-pull data and Pout/

DEVICE LEVEL VALIDATIONS 
The model information data sheet 

mentioned earlier is the key to un-
derstanding the details of each model 
contained within the library. These 
details include a model features block, 
detailed device level validations, and 
in some cases PA circuit level valida-

 Fig. 3  Intrinsic waveform sensing 
concept (a) and simulated dynamic load-line 
results for a packaged transistor at the ex-
trinsic (blue) and intrinsic (red) nodes (b). 
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the large-signal version of the TGF2935 die 
model: features block (a) I-V model vs. mea-
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• Measurement Validations: 
 Pulsed I-V: 25°C to 85°C
 Multi-Bias S-parameters: 25°C to 85°C
 Single Tone Power and Load-Pull: 10 & 18 GHz



MWJ/SUPP/REMCOMM/0816

Wireless InSite is a suite of ray-tracing models for 
analyzing EM propagation and communication 
channel characteristics in complex urban, indoor, 
rural and mixed path environments.

s  5G MIMO simulation

s  Indoor WiFi

s  Moving vehicle or aircra�

s  LTE and WiMax throughput analysis

s  Tower placement for urban coverage

s  Ad-hoc and temporary networks

s  Base station coverage analysis

s  Microcell coverage

s  Wireless backhaul stations

Wireless EM Propagation Capabilities 
for a Variety of Applications

Radio Propagation Software for
Wireless Communication Planning

See all the latest 
enhancements at www.remcom.com/wireless-insite-features  




Visit us at MILCOM 2016, Booth #5007

+1.888.7.REMCOM (US/CAN) | +1.814.861.1299 | www.remcom.com

Remcom’s Wireless InSite®

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S37&exitLink=http%3A%2F%2Fwww.remcom.com%2Fwireless-insite-features
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S37&exitLink=http%3A%2F%2Fwww.remcom.com


38  MILITARY MICROWAVES SUPPLEMENT ■ AUGUST 2016

MIlItary MIcrowaVes
these types of amplifi er examples, de-
tailed attention to the modeling of the 
passive matching and bias circuits is 
often found to be as important as the 
nonlinear model in terms of predict-
ing the frequency dependent behav-
ior of these amplifi ers. Some board-
dependent discrepancies are also 
signifi cant to address along with the 
use of accurate parasitic models for all 
surface mount passive components, 
when used. These were modeled with 
Modelithics CLR Library™ models.7

Table 1 summarizes the goals and 
results for the fi rst PA design example 
used to validate the Modelithics mod-
el of Qorvo’s TGF2819-FL discrete 
packaged GaN product. The assem-
bled PA and simulation-to-measure-
ment comparison are shown in Fig-
ure 7. The use of the model enables a 
‘quick-turn’ L-Band reference design 
of a high power, high effi ciency PA, 
with greater than 150 W power and 
over 60 percent effi ciency.

A second PA validation circuit is 
summarized in Table 2, with details 
shown in Figure 8, for validation of 
the Qorvo T2G6000528-Q3 GaN 
product. This is a 10 W design with 

 Fig. 6  Load-pull and power drive up validations for Qorvo’s T1G2028536-FL-001 device 
(a) model features block (b) power swept validation at 1 GHz with power-tuned load (c), load-
pull at 1 GHz on a 5 Ω Smith Chart and +35 dBm input power (d). 
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� ve device samples mounted on one evalua-
tion board.
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TABLE 1
SUMMARY OF 1.35 TO 1.75 GHz VALIDATION CIRCUIT FOR

QORVO TGF2819-FL DEVICE MODEL

Design Speci� cation Goal Simulation Measurement/Goal Met

Device
TGF2819-FL

Capable of 150 W Operation: 
Class AB

Q Bias: 50 V at 250 mA

Gain (Linear) 17 dB ±1 at 1.55 
GHz

17 dB ±1 at 
1.55 GHz

�

Power >150 W, L-Band >150 W �

Power-Added Effi ciency 50%, L-Band >60% �

TABLE 2
SUMMARY OF 5 TO 6 GHz VALIDATION CIRCUIT FOR

QORVO T2G6000528-Q3 DEVICE MODEL

Design Speci� cation Goal Simulation Measurement/
Goal Met

Device
T2G6000528-Q3

Good PAE at P3dB > 40 dBm
From 5 to 6 GHz

Operation: 
Class AB

Q Bias: 32 V at 50 
mA

Gain (Linear) 13 dB ✓ �

Power 10 W � �

Power-Added Effi ciency 55% � �
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Greenray’s New T1241 TCXO

Ultra-low g-Sensitivity and Low Phase Noise
for Mobile and Airborne Apps.

Greenray’s newT1241 TCXO is designed as a
reference for military and instrumentation
applications that require ultra low g-Sensitivity
and reliable, superior phase noise performance
in high vibration and shock environments.

The T1241, available from 50 to 100MHz, delivers reduced
acceleration sensitivity down to 7 x 10-11 of applied accelera-
tion force. Typical phase noise is -155dBc/Hz (@10kHz). 

The T1241 features a rugged, SMT package, supply voltage of
+3.3V or +5V, and input current is 30mA max. EFC for precise
tuning or phase locking apps is standard.

For more information about our full line of high performance
oscillators, call Greenray at (717) 766-0223. You can also visit us
at www.greenrayindustries.com.

For Industry, for Defense.
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product. This is a narrowband design 
centered at 5.8 GHz with 30 W of out-
put power, while achieving 50 percent 
power-added effi ciency and 14 dB 
gain. There is good agreement be-
tween simulation and measurement, 
except for a slight shift down in center 
frequency from the design target. A 
recent application note discusses the 
circuit level modeling process for this 
circuit in some detail, performed us-
ing Keysight ADS.8

For all four of these designs, fi rst 
pass design success was achieved 
thanks to the accuracy of the models 
used along with ADS simulations and 
optimizations of the circuits and ele-
ment values prior to fabrication.

CONCLUSION
A productive collaboration be-

tween Qorvo and Modelithics has led 
to the advancement of an extensive li-
brary of GaN models for discrete die 
and packaged transistors. Each model 

lation is able to predict the average 
performance of the multiple amplifi er 
units using the large-signal model.

Table 3 and Figure 9 outline a 
third example, a 2 to 2.7 GHz design 
built by Qorvo producing 10 W, 50 
percent effi ciency and 20 dB gain with 
same device from the second PA ex-
ample. Table 4 and Figure 10 show 
the details of the fourth PA validation 
circuit example using a model for the 
Qorvo T2G6003028-FS packaged 

good measured to model agreement 
for a design operating from 5 to 6 
GHz. The design has 55 percent ef-
fi ciency and 13 dB gain. Furthermore, 
this example demonstrates the added 
value of the Modelithics large-signal 
model use for “design for production” 
by predicting the performance of a 
typical unit from Qorvo. The fi ve units 
used in each amplifi er have a two year 
data code gap which indicates good 
production consistency. The simu-

 Fig. 8  10 W, 5 to 6 GHz PA reference 
design (a) with simulated vs. measured 
output power at 5.4 GHz (b) and power-
added ef� ciency vs. frequency (c). Solid lines 
= simulation, dashed lines = measurement 
of � ve PAs.
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"Not all good things come in big packages"

Phase Noise Test Systems

Real-Time Spectrum AnalyzersRF / Microwave Signal Sources

  Less than 
        $50k

We’ve changed the face (or at least the front panel)
of RF and Microwave Instrumentation

Phase Noise Measurement & Signal Sources Analysis from 2 MHz to 26.5 GHz 
• Instrument noisefloor down to -185 dBc/Hz 
• Absolute AND Residual measurements, .01 Hz to 50 MHz offsett
• Super fast ATE optimized measurements 
• External or ultra-low noise internal references w/ industry leading sensitivity 

Berkeley Nucleonics Corp

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

Phase Noise Test Systems Less than 
        $50k

is very well documented with exten-
sive device level validations outlined 
in a model information datasheet. A 
series of power amplifi er reference 
designs have been used to validate 
the utility and accuracy of the models 
for practical PA design. This work has 
demonstrated that the new paradigm 
in PA design is to start with sound 
device models and solid modeling of 
all passive networks with the goal of 
replacing “old school” bench tuning 
with simulation and optimization to 
enable a one-pass ‘simulate-build-
test-done’ PA design process.■

ACKNOWLEDGMENTS
The authors would like to thank 

the Modelithics engineering team 
for their hard work in developing and 
maintaining the Modelithics-Qorvo 
GaN library and the associated vali-
dations discussed in this application 
note. Thanks also to Richard Martin 
and Neil Craig of Qorvo for their en-
abling coordination of the collabora-
tion leading to the described model 
library as part of the Modelithics Ven-
dor Partner program. 

References
1.  S. C. Cripps, “A Theory for the Prediction of 

GaAs Load-Pull Power Contours,” IEEE MTT-S 
International Microwave Symposium Digest, Vol. 1, 
May 1983, pp. 221–223.

2.  L. Dunleavy, C. Baylis II, W. Curtice and R. Con-
nick, “Modeling GaN: Powerful But Challenging,” 
IEEE Microwave Magazine, Vol. 11, No. 6, October 
2010, pp. 82–96.

3.  M. Golio, L.Dunleavy and T. Gneiting, “History 

TABLE 3
SUMMARY OF 2 TO 2.7 GHz VALIDATION CIRCUIT 

FOR QORVO T2G6000528-Q3 DEVICE MODEL

Design Speci� cation Goal Simulation Measurement/Goal Met

Device
T2G6000528-Q3

Capable of 
10 W

Operation: 
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 Fig. 9  10 W, 2 to 2.7 GHz PA (a) with 
simulated vs. measured performance at 3 dB 
compression (b). Solid lines = simulation, 
symbols = measurement.

50
45
40
35
30
25
20
15
10

5
0

2.82.62.4
Frequency (GHz)

 (a)

 (b)

2.21.8 2.0

100
90
80
70
60
50
40
30
20
10
0

PA
E (%

)

Output Power

PAE

Gain

Po
w

er
 (d

B
m

) a
nd

 G
ai

n 
(d

B
)

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S41&exitLink=mailto%3ARFsales%40berkeleynucleonics.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S41&exitLink=http%3A%2F%2Fwww.berkeleynucleonics.com


42  MILITARY MICROWAVES SUPPLEMENT ■ AUGUST 2016

MIlItary MIcrowaVes

T +49-2842-981-400

F +49-2842-981-499

E  radar@imst.de

I  www.radar-sensor.de 

   Measurement of distance,  
velocity, and angle

  Onboard signal processing
   Digital interface with variable 
data control

  Flexible waveform generation
   Target tracking and distance  
alert algorithms available

  CAN-bus and USB interface

Order now at radar@imst.de

SENTIRETM RADAR SOLUTIONSSENTIRETM RADAR SOLUTIONS

CONVENTIONAL?
NOT WITH US

and State-of-the-Art in Large Signal Modeling for 
RF/Microwave Power Amplifi er Development,” 
IEEE MTT-S International Microwave Symposium 
Digest, May 2015, pp. 1–4.

4.  P. J. Tasker, “Practical Waveform Engineering,” 
IEEE Microwave. Magazine, Vol. 10, No. 7, De-
cember 2009, pp. 65–76.

5.  I. Angelov, H. Zirath and N. Rorsman, “A New Em-
pirical Nonlinear Model for HEMT and MESFET 
Devices,” IEEE Transactions on Microwave Theory 
and Techniques, Vol. 40, No. 12, December 1992, 
pp. 2258–2266.

6.  S. C. Cripps, “RF Power Amplifi ers for Wireless 
Communications,” 2nd Edition, Artech House, 
2006.

7.  “Comprehensive Models for RLC Components to 
Accelerate PCB Designs,” Microwave Journal, Vol. 
47, No. 5, May 2004.

8.   “Analysis of a 30 W Power Amplifi er Utilizing Mod-
elithics’ Triquint T2G6003028-FS Model in Agilent 
ADS,” Modelithics Application Note 49, Web. www.
modelithics.com.

CONTACT INFORMATION
For information on accessing the 

Modelithics-Qorvo GaN Model Li-
brary visit www.modelithics.com/
mvp/qorvo (free to Qorvo approved 
designers). Contact support@model-
ithics.com in case of any diffi culties or 
questions about Library or PA valida-
tion circuits. For information about 
Modelithics CLR Library or Mod-
elithics COMPLETE Library, contact 
Modelithics at sales@modelithics.com 
or visit www.modelithics.com.
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(c).  Solid lines = simulation, symbols = 
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TABLE 4
SUMMARY OF 5.8 GHz VALIDATION CIRCUIT FOR 

QORVO T2G6003028-FS DEVICE MODEL

Design Speci� cation Goal Simulation Measurement/Goal 
Met

Device
T2G6003028-FS

Capable of
30 W

Operation: 
Class AB

Q. Bias: 28 V/200 mA

Gain (Linear) 14 dB ±1 at 
5.8 GHz

14 dB ±1 at
 6 GHz

�

Power 30 W 30 W �

Power-Added Effi ciency 50% 50% �
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T ransitioning from analog to digital 
video, and especially to HD-SDI 
292M or 424M, is not a simple 

matter. Normal coaxial cables work with non-
rotating applications, but if the system is turn-
ing the digital signal has to pass through the 
rotary joint. For transmitting slower signals, 
the conventional approaches include the use of 
gold-on-gold, silver-graphite-on-brass or silver-
plated slip rings. The diameter of the overall 
system is the constraining factor here. They 
can work at frequencies up to 250 MHz with 
very small diameters and at up to 100 MHz 
with larger diameters.

However, a different transmission technol-
ogy is needed for 1.5 Gbit/s and faster signals. 
Contactless technology is the best solution 
for blocked central axes but when the axis is 
open, the best approach is a fi ber-optic link. 
For cases in which the central axis is blocked 
(because it contains a mechanical interface, RF 
components, etc.), no acceptable solution was 

available for transmitting a test 
signal which contains a patho-
logical pattern until recently. 
To address this, SPINNER has 
modifi ed its standard capaci-
tive coupling device to meet 
the specifi cation, resulting in a 
perfect eye diagram.

For HD-SDI (SMPTE 292M) signals, the 
company has adapted a number of hybrid ro-
tary joint units involving signal multiplexers 
for RS422, RS232, CAN bus, I/O lines and 
1000BaseT Ethernet. One example is a very 
complex installation with three HD-SDI cam-
eras and around 150 RS422 lines. For this a 
fi ber-optic rotary joint that is half the size of a 
conventional slip ring unit and has an MTBF of 
at least 300,000 hours was developed. This is a 
1000 percent improvement.

The other benefi ts of a solution like this 
include less weight, smaller interfaces, lower 
prices, and an end to issues with terminations 
and end-to-end resistances.

Currently there are uses for HD-SDI con-
tactless rotary joints in tracking radar systems, 
gun systems and naval optronic systems. They 
are available with clear internal diameters of 
up to 300 mm and more. If the central axis is 
free, fi ber-optic rotary joints can be used. 

FIBER OPTIC ROTARY JOINTS 
SPINNER has developed a series of Fiber 

Optic Rotary Joints (FORJ). Single-mode and 
multimode FORJs are used in land-based, na-
val, and airborne applications, either by them-
selves or integrated in a slip ring.

The new FORJ 1.14 (see Figure 1) family 
of single-channel products is claimed to exhibit 

Rotary Joints 
for Transmitting 
HD-SDI Signals 
Through a Blocked 
Central Axis
SPINNER GmbH
Munich, Germany

 Fig. 1  The single-channel FORJ 1.14.
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modular solutions with built-in bias circuitry for voltage protection 
and sequencing, while also generating gate controls. Design them in 
when noise reduction is critical for clarity over various frequencies. 
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 64-way Combining  
■ Psat   
 @ K band: 30-40 W (GaN) 
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■ Standard Waveguide Interfaces 

The Leader in Millimeter-wave Technology 
www.millitech.com 
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- Components including amplifiers, converters,
  oscillators, antennas, control devices, waveguides
- Subsystems and integrated modules

- Custom products and engineering services

Millimeter Wave Products 18-140 GHz

Designed & Manufactured in the USA
24085 Garnier St.  Torrance, CA 90505
ISO9001 : 2008/AS9100C

sales@quinstar.com
tel: 1.310.320.1111
hhp://www.quinstar.com

V, E, and W-BandV, E, and W-Band

at IP 65 for protection from dust and 
humidity. It includes protective tub-
ing for the fi bers to prevent them from 
breaking or otherwise being damaged 
during or after installation.

The dual-channel FORJ 2.28 (see 
Figure 4) fi lls the need for a basic 
two-channel, single-mode rotary joint. 
Its patented mechanical system makes 
it very compact with a total length of 
just under 90 mm and an outer diam-
eter of only 28 mm. It is offered in 
versions that include multimode only 
or a combination of single-mode and 
multimode fi bers.

Finally, the FORJ x.40 (see Figure 
5), with an outer housing diameter 
of only 39.5 mm, is claimed to de-
liver market-leading compactness for 
multi-channel solutions involving up 
to six channels. It is available in sin-
gle-mode, multimode and mixed fi ber 
confi gurations.

SPINNER GmbH 
Munich, Germany 
www.spinner-group.com

being able to withstand intense vibra-
tions, strong jolts, high humidity and 
saltwater. It was originally designed to 
meet the needs of offshore and under-
water vessels and has an IP 68 protec-
tion rating. The single-channel rotary 
joint FORJ 1.17pc version is supplied 
with integrated pressure compensa-
tion for deep-sea applications down to 
depths of 4500 m.

For harsh industrial environments 
the FORJ 1.22 (see Figure 3) is rated 

outstanding performance despite its 
very compact dimensions. Its design 
reduces the typical insertion losses 
to less than 1 dB with single-mode fi -
bers. Its small size, combined with a 
light weight of only 18 g, permits it to 
spin at speeds of 10,000 rpm or more. 
Also, the company’s FLEXIFLANGE 
makes it easy to adapt this rotary joint 
to specifi c applications.

The FORJ 1.17 (see Figure 2) is 
engineered for harsh environments, 

 Fig. 2  The FORJ 1.17 is engineered for 
harsh environments.

 Fig. 3  The FORJ 1.22 is rated at IP 65.

 Fig. 4  The FORJ 2.28 � lls the need for a 
basic two-channel, single-mode rotary joint.

 Fig. 5  The FORJ x.40 has an outer hous-
ing diameter of only 39.5 mm.
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GaN Technology • High Efficiency • Power up to 6,000 Watts • Small Profile • Gain & Phase Matching • CW & Pulse Designs

F E AT U R E D  M I L I TA R Y  P O W E R  A M P L I F I E R S
MODEL NUMBER Freq (GHz) Freq (GHz) Gain (dB) Pout (Watts) PAE (%) Operation Voltage (V) Size (inches)

S
A
T

C
O

M

DM-HPL-35-101 1.625 1.85 20 40 40% CW 28 4.0 x 4.00 x 1.00

DM-HPS-35-101 2.2 2.5 20 40 35% CW 28 4.0 x 4.00 x 1.00

DM-HPC-60-101 5.5 8.5 50 50 25% CW 28 2.5 x 2.75 x 0.45

DM-HPX-100-105 9.75 10.25 50 100 30% CW 28 7.4 x 4.30 x 1.65

DM-HPKU-40-105 13.75 14.5 45 50 20% CW 24 4.5 x 4.00 x 0.78

DM-HPKU-40-101 14.4 15.5 45 30 15% CW 28 2.5 x 2.75 x 0.45

DM-HPKA-10-102 29 31 50 12 15% CW 20 3.1 x 3.00 x 0.78

DM-HPKA-20-102 29 31 50 20 15% CW 20 3.5 x 4.50 x 0.78

R
A

D
A

R

DM-HPL-1K-101 1.2 1.4 50 1000 40% 100 µs, 10% d.c. 50 6.0 x 6.00 x 1.50

DM-HPS-1K-102 2.9 3.1 45 1300 35% 100 µs, 10% d.c. 32 14.0 x 8.00 x 1.75

DM-HPS-1K-103 2.9 3.3 45 1500 35% 100 µs, 10% d.c. 50 9.5 x 9.50 x 1.50

DM-HPS-1K-104 3.1 3.5 45 1300 35% 100 µs, 10% d.c. 50 9.5 x 9.50 x 1.50

DM-HPC-50-105 5.2 5.8 50 50 35% 100 µs, 10% d.c. 32 3.0 x 3.00 x 0.60

DM-HPC-200-101 5.2 5.9 50 200 40% 100 µs, 10% d.c. 50 4.5 x 4.50 x 0.78

DM-HPX-140-101 7.8 9.6 50 140 40% 100 µs, 10% d.c. 40 3.6 x 3.40 x 0.67

DM-HPX-400-102 8.8 9.8 50 450 35% 100 µs, 10% d.c. 50 7.0 x 4.50 x 1.65

DM-HPX-800-102 8.8 9.8 50 900 35% 100 µs, 10% d.c. 50 9.0 x 6.00 x 1.65

DM-HPX-250-101 9.4 10.1 50 250 40% 100 µs, 10% d.c. 50 3.6 x 3.40 x 0.67

DM-HPX-800-101 9.4 10.1 50 900 35% 100 µs, 10% d.c. 50 9.0 x 6.00 x 1.65

DM-HPX-20-101 9.9 10.7 46 20 30% 100 µs, 10% d.c. 32 3.6 x 3.40 x 0.67

DM-HPX-50-101 9.9 10.7 50 50 30% 100 µs, 10% d.c. 40 3.6 x 3.40 x 0.67

E
L
E

C
T

R
O

N
IC

 W
A

R
FA

R
E

DM-HPMB-10-103 0.1 6 55 10 20% CW 28 2.5 x 2.75 x 0.45

DM-HPLS-50-101 1 3 50 50 30% CW 45 4.3 x 3.50 x 0.45

DM-HPLS-160-101 1 3 16 160 25% CW 45 6.3 x 6.00 x 0.78

DM-HPSC-50-101 2 6 50 50 30% CW 28 2.5 x 2.75 x 0.45

DM-HPSC-80-101 2 6 50 80 25% CW 28 4.5 x 4.00 x 0.78

DM-HPSC-150-101 2 6 60 150 25% CW 28 6.5 x 6.50 x 0.78

DM-HPMB-10-101 2 18 45 10 15% CW 32 2.5 x 2.75 x 0.45

DM-HPMB-40-101 6 18 50 30 15% CW 28 2.5 x 2.75 x 0.45

DM-HPX-25-101 8 11 45 25 30% CW 28 2.5 x 2.75 x 0.45

DM-HPX-50-102 8 11 50 50 30% CW 28 2.5 x 2.75 x 0.45

STANDARD FEATURES:
Blanking/Muting • Over-temp Protection • Current Sensor

OPT IONAL FEATURES:
TIA-422 / TIA 485 Interface • Power Monitoring • Gain Control

BROWSE OUR WEBSITE FOR F ILTERS & INTEGRATED MICROWAVE ASSEMBLIES
NASA and IPC certified • Hybrid chip and wire assembly • Extensive in-house environmental testing capabilities 

AS9100C / ISO9001

NASA and IPC certified • Hybrid chip and wire assembly • Extensive in-house environmental testing capabilities 

www.del tamicrowave.com   |    sa les@deltamicrowave.com   |    (805)  751-1142

40 YEARS  
MILITARY & SPACE

2-6 GHz  50W CW

S-Band  1 .3kW X-BAND 900W
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T he millimeter wave industry is ex-
periencing enormous growth from 
an increasing and diversifi ed cus-

tomer base, created by new consumer demand 
and continuing defense requirements. There is 
an undeniable call for new technologies in both 
connectivity and radar applications. With the 
current amount of research and development 
invested in new systems at multi-gigabit rates 
(e.g., WiGig, 802.11ad, 5G, last mile connectiv-
ity, small cells, cube satellite networks, driver 
assisted automotive systems and the IoT), low 
cost instrumentation and measurement solu-
tions are greatly needed at millimeter wave 
frequencies.

Responding to these marketplace demands, 
SAGE Millimeter called upon its millimeter 
wave expertise to extend its reach into test and 
instrumentation. Known for high performance 
millimeter wave components, the company 
drew from its broad product offering to de-
velop three new VNA extenders, which were 
introduced at IMS2016. SAGE Millimeter’s 
vertical approach is what provides RF engi-
neers with a cost-effective solution for their 
test environments. 

Models STO-15-S1, STO-12-S1 and STO-
10-S1 are millimeter wave, full waveguide band 
vector network analyzer (VNA) extenders that 
enable a standard 20 GHz VNA to cover the 
frequency range from 50 to 110 GHz. The ex-
tenders are offered in three waveguide bands: 
V-, E- and W-Band and are designed to work 
with multiple VNA systems (see Figure 1). 
The extenders function seamlessly with Rohde 
& Schwarz, Keysight Technologies and An-
ritsu’s VNA systems that have direct receiver 
access, preserving the full functionality offered 
by the original VNAs. The extended VNAs in 
the millimeter wave bands are capable of per-
forming full S-parameter measurements as 
well as the other functions of the standard 20 

V-, E- and W-Band, 
Full S-parameter 
VNA Extenders
SAGE Millimeter Inc.
Torrance, Calif.

 Fig. 1  VNA extender with an OEM’s low frequency 
VNA. 
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Our Warrior Cable® Comes With
Its Own Set Of Armor 

Some jobs are just too tough for ordinary RF cables. That’s why 
our Warrior Cable features internally armored GrooveTube® 

technology – super flexible copper outer conductor 
tubing. The protective shielding enables 

the Warrior Cable to provide long-term 
repeatable performance in even the most 

extreme conditions.
It’s ideal for use in electronic countermeasures, 

electronic warfare, and field-deployed 
communication systems … or in commercial/

industrial situations where tough handling or 
demanding conditions exist.

No job is too tough for the MegaPhase Warrior Cable.  
For more information, visit MegaPhase.com or call us at (570) 424-8400.

With the right connections, 
anything is possible.
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GHz VNA, such as gain compression, 
IMD, etc. Figure 2 shows the mea-
sured insertion loss of a 73 to 83 GHz 
bandpass fi lter measured using the E-
Band extenders.

The VNA extenders include two 
identical transmitter/receiver boxes 
(see Figure 3), with a simple inter-
connection and setup process. The 
test ports of the VNA extenders are 
standard waveguide. The intercon-
nections between the extenders and 
OEM low frequency VNA are made 
through four, 3" long, high perfor-
mance, phase stable cables with SMA 
male connectors at both ends. The 
extenders are powered by the stan-
dard wall outlet, with a voltage range 
from 100 to 240 VAC. To ensure full 
product integrity and control, all the 
VNA extender models are built with 
SAGE Millimeter’s in-house compo-
nents, which include amplifi ers, har-
monic mixers, isolators, multipliers 
and fi lters. The specifi cations of the 
standard V-, E- and W-Band VNA 
extenders are shown in Table 1. The 
designs can be customized to specifi c 
customer requirements, leveraging 
SAGE Millimeter’s extensive compo-
nent capabilities.

A full line of waveguide calibration 
kits has also been developed to com-
plement the VNA extenders. These 
kits allow for full two port calibration 
of the extended VNA in their respec-
tive millimeter wave bands.

SAGE Millimeter Inc. 
Torrance, Calif. 
(424) 757-0168
info@sagemillimeter.com
www.sagemillimeter.com

TABLE 1
SPECIFICATIONS OF MILLIMETER WAVE EXTENDERS

Extender Model 
Number

STO-15-S1 STO-12-S1  STO-10-S1

Operating Frequency 50 to 75 GHz 60 to 90 GHz 75 to 110 GHz

RF Output Power +1 dBm 0 dBm -1 dBm

System Dynamic 
Range

90 dB 90 dB 90 dB

Directivity 40 dB 40 dB 40 dB

LO Path 
Multiplication Factor

×6 ×6 ×6

LO Path Input 
Frequency

8.33 to 12.5 GHz 10 to 15 GHz 12.5 to 18.33 GHz

LO Path Input Power 0 to +6 dBm 0 to +6 dBm 0 to +6 dBm

RF Path 
Multiplication Factor

×4 ×8 ×8

RF Path Input 
Frequency

12.5 to 18.75 GHz 7.5 to 11.25 GHz 9.375 to 13.75 GHz

RF Path Input Power +3 to +10 dBm +3 to +10 dBm +3 to +10 dBm

IF Output Frequency 10 to 1000 MHz 10 to 1000 MHz 10 to 1000 MHz

IF Output Connectors SMA (F) SMA (F) SMA (F)

RF Path Input 
Connector

SMA (F) SMA (F) SMA (F)

LO Path Input 
Connector

SMA (F) SMA (F) SMA (F)

Test Port Interface WR-15
UG385/U Flange

WR-12
UG387/U Flange

WR-10
UG387/U-M Flange

Extender Size 11.11" (L) × 6.15" (W) × 4.56" (H)

Extender Weight (oz) 8 lbs Each

Extender Finishing Black Anodized

Outline TN-VV TN-EV TN-WV

 Fig. 2  Measured insertion loss of a 73 
to 83 GHz bandpass � lter using the E-Band 
VNA extender.

 Fig. 3  Transmitter/receiver box block diagram.
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HIGH FREQUENCY PERFORMANCE WORLDWIDE
SPINNER designs and builds cutting-edge radio frequency systems, setting performance  
and longevity standards for others to follow. Many of today‘s mainstream products are  
rooted in SPINNER inventions. Headquartered in Munich, Germany, the global frontrunner in  
RF components remains the first choice in simple-yet-smart RF solutions.

SPINNER GmbH  |  Germany  |  rs@spinner-group.com  |  www.spinner-group.com

• Defence Applications – Air, Sea, Land
• Civil Applications – Automotive, Satellite Tracking 
• Space Applications
• Air Traffic Control Radars

• Contactless Power, Contactless Data Signals
• Fiber Optic – Single & Multi Channel (up to 52 channels) 
• Media Joints and Slip Rings

Slim Sized  
Rotary Joint

Dual Channel 
WG Coax

Fiber Optic  
Rotary Joint

Hybrid  
Rotary Joint

Superior Hybrid  
        Rotary Joints
  and Slip Rings

Hybrid Hybrid 
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W ith the growth in wireless commu-
nications, the mobile infrastructure 
is handling higher data rates and 

tasked to have lower noise and greater power 
effi ciency. Many of these systems combine 
power amplifi ers with high power density over 
wide bandwidths, and the power combining 
must be packaged to withstand rugged environ-
ments. Similarly, many defense systems – from 
radar to electronic warfare – are combining 
power amplifi ers to meet higher power mission 
requirements. The power combining require-
ments are similar, with stringent demands for 
ruggedness and reliability.

Designed to address these needs, Fairview 
Microwave’s family of high power RF combin-
ers offers power handling up to 800 W, cov-
ering various frequency bands to 6 GHz with 
low insertion loss, low VSWR and high isola-
tion. The combiners are excellent for amplifi er 
power combining, as their low insertion loss 
minimizes power loss to deliver a higher power 
combined signal at the output. The combiners 
have high reliability to meet the requirements 
for defense and infrastructure applications. 

In addition to high power handling, Fairview 
Microwave’s power combiners are designed to 
maintain very low insertion loss and high iso-
lation over a wide bandwidth, up to 5 GHz. 
Competitive power combiners typically have a 
maximum input power handling of 100 W and 
cover less bandwidth. All the power combiners 
in the Fairview Microwave family use a reactive 

design, which yields low insertion loss, excellent 
amplitude and phase balance, high port-to-port 
isolation, high power handling and compact 
size. Package sizes range from 1.4" × 2" × 0.73" 
to 5.1" × 4.72" × 1.54". The combiners have a 
standard impedance of 50 Ω and operate from 
-55º to +85ºC. The family includes both Type N 
and SMA connector options, with the Type N 
combiners able to handle higher input power.

ARRAY OF OPTIONS
With 17 high power combiners to choose 

from, the product family offers an array of 
options: 2- and 4-way, input power handling 
and frequency. The part numbering system 
denotes the frequency range, maximum input 
power and whether 2- or 4-way (see Figure 1). 
All combiners are in stock and ready for im-
mediate shipment. 

20 MHz to 1 GHz Combiners
The MPP0201K0100-2, MPP0201K0500-2, 

MPP0201K0200-4 and MPP0201K0300-4 
all operate from 20 MHz to 1 GHz. The 
2-way combiners, MPP0201K0100-2 and 
MPP0201K0500-2, handle a maximum input 
power of 100 and 500 W, respectively. The 
MPP0201K0200-4 and MPP0201K0300-4 are 
4-way combiners with maximum input power 
handling of 200 and 300 W, respectively. The 
4-way combiners have a maximum insertion loss 
of 0.75 dB and a minimum isolation of 12 dB. 
The 2-way, 100 W combiner has an insertion 

Two- and Four-Way 
Power Combiners 
Handle Up To 800 W
Fairview Microwave
Allen, Texas
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Visit mrcy.com/OpenRFM and download our technical whitepaper:  
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Meeting new governMent interoperability and  
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EVANSCAPS

401-435-3555 • info@evanscap.com • www.evanscap.com

TDD4080123
80V • 12,000µF • 0.015Ω • <25 cc

High Power • 10V to 125V • Low ESR • >100 Amp Discharge • Hermetic
Unlimited Cycle Life • Unlimited Shelf Life • Low Weight / Volume

High Shock and Vibe • >5 Million Hour MTBF • -55˚C to 125˚C Operation

Advanced Capacitors for Demanding Applications

Both have a maximum input power of 
200 W. 

2 to 6 GHz Combiners
The MPP2K06K0100-2, 

M P P 2 K 0 6 K 0 1 0 0 - 4  a n d 
MPP2K06K0400-4 cover 2 to 6 
GHz. The 2-way MPP2K06K0100-2 
and 4-way MPP2K06K0100-4 han-
dle a maximum input power of 100 
W, while the 4-way combiner MP-
P2K06K0400-4 handles 400 W. The 
maximum insertion loss of the 4-way 
power combiners is 0.8 dB, and the 
2-way combiner’s insertion loss is only 
0.35 dB (see Figure 3).

1 to 6 GHz Combiners
The MPP1K06K0100-4 is the 

broadest bandwidth combiner offered 
in the series, with an input power of 
100 W, an insertion loss of 0.85 dB and 
a minimum isolation of 6 dB.

Combiner pricing ranges from 
$727 to $2,166, depending on the in-
put power handling and whether 2- or 
4-way.

Fairview Microwave
Allen, Texas
www.fairviewmicrowave.com

2.5 GHz.  The three 2-way combiners 
have maximum input power of 200, 
600 and 800 W — 800 W being the 
highest power offered in the family. 
The maximum insertion loss for all of 
these combiners ranges from 0.4 to 
0.8 dB, with isolation as high as 13 dB. 

800 MHz to 4.2 GHz Combiners
The MPP8004K2200-2 and 

MPP8004K2200-4 cover the 800 
MHz to 4.2 GHz frequency range. 

loss of 0.6 dB with an isolation of 15 dB 
(see Figure 2), and the 500 W com-
biner insertion loss is a maximum of 0.8 
dB, with an isolation of 10 dB. 

500 MHz to 2.5 GHz and 800 MHz 
to 2.5 GHz Combiners

The MPP8002K5600-2, 
MPP8002K5800-2, MPP8002K5200-4 
and MPP8002K5600-4 all cov-
er 800 MHz to 2.5 GHz, and the 
MPP5002K5200-2 spans 500 MHz to 

 Fig. 1  The part number denotes the 
frequency range, maximum input power and 
whether the product is 2- or 4-way.

Frequency
Range

Maximum
Input

Power

2-Way
or

4-Way

MPP0201K0100-2

 Fig. 2  Isolation vs. frequency of the 
2-way, 100 W, 20 MHz to 1 GHz combiner 
(MPP0201K0100-2).
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 Fig. 3  Insertion loss vs. frequency of 
the 2-way, 100 W, 2 to 6 GHz combiner 
(MPP2K06K0100-2).

0
–1
–2
–3
–4
–5

642
Frequency (GHz)

�S
21

� (
dB

)

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S54&exitLink=mailto%3Ainfo%40evanscap.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S54&exitLink=http%3A%2F%2Fwww.evanscap.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S54&exitLink=http%3A%2F%2Fwww.fairviewmicrowave.com


MWJ/SUPP/TRM/0816

At TRM Microwave, we partner with your team 
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Industries have relied on TRM’s ingenuity for 
nnumerous program applications. 
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lifecycle of every part, project, and idea we complete.

ISO 9001:2008 Certiied
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14-bit digital word. The power-limited 
output of each channel is presented 
through the BGA for further detec-
tion and processing. The analog-to-
digital converters and down-convert-
ing mixers are integrated in the mod-
ule with the 9.15 GHz VCO used for 
the down-conversion  supplied from 
an external source.

The receiver has a maximum noise 
fi gure of 6.5 dB. Gain can be con-
trolled through internal analog atten-
uators with a 32 dB range, set with a 
+2.5 V control signal. The input 1 dB 
compression point is −2 dBm from 2 
to 10 GHz and −8 dBm from 10 to 18 
GHz, with an input IP3 of +7 and −2 
dBm from 2 to 10 GHz and 10 to 18 
GHz, respectively. Integrated, tun-
able bandstop fi lters, with a maximum 

F or critical applications 
where size, weight and 
power are as important as 

performance, Mercury Systems de-
veloped the MSC0218L4444, a 2 to 
18 GHz receiver integrated in a 1.4" 
× 1.4" × 0.125" surface-mount mod-
ule. The input signal passes thru a 
limiter, to prevent receiver damage, 
and is then fi ltered into four 4 GHz-
wide channels. The two higher fre-
quency channels are down-converted 
prior to detection and digitization, 
and the two lower frequency channels 
are detected and digitized. The input 
signal amplitude is represented by a 

rejection of 25 dB, help suppress in-
terfering signals; tuning is set with a 
+14 V tuning voltage. The receiver 
dissipates approximately 9.4 W, biased 
with +9 V at 0.52 A, +5 V at 0.94 A and 
−5 V at 10 mA. The operating temper-
ature range is −50°C to +85°C.

The MSC0218L4444 is packaged 
in a ball grid array (BGA) with 12 
mil diameter, Sn 63 balls to connect 
the output, LO, tuning, attenuation 
and bias. The RF input signal uses an 
SMPS full detent connector mounted 
on the side of the module. The unit is 
environmentally sealed and has three 
0-80 thru holes for mounting.

Mercury Systems
Chelmsford, Mass.
mrcy.com/sip

2 to 18 GHz Receiver in 
a BGA Package

Visit FIRST RF Corporation at the Army Aviation Mission Solution Summit April 28-30th
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ics for uncompromising performance 
when compared to traditional “rack 
and stack” style systems.

The HA7062C is outfi tted with 
a pair of Holzworth HSX Series RF 
synthesizers which are utilized as 
the built-in tunable LO sources for 
measurements made in internal LO 
mode. The HSX Series phase noise 
performance enables the HA7062C 
to quickly measure the phase noise of 
extremely stable signal sources.

In addition, the HA7062C offers 
External LO Bypass Mode, which al-
lows users to connect and calibrate two 
external LOs with similar performance 
to the DUT. This enables accurate 
measurements of extremely high per-

The HA7062C tunable phase 
noise analyzer responds to 
industry demand for an easy 

to use phase noise measurement sys-
tem that is highly reliable and intuitive 
while offering real-time measurement 
speeds for optimal manufacturing test 
throughput. The HA7062C operates 
from 10 MHz to 6 GHz with an option 
to 20 GHz. It is a cost effective solution 
for R&D, offering measurement fl oors 
below -190 dBc/Hz and ANSI Z540 
calibrated accuracy.

The core engine combines the best 
of traditional analog phase noise mea-
surement front-ends (virtually spur 
free) with the latest technology in 
cross correlation analysis. The digital 
analysis system leverages a proprietary 
DSP with a powerful cross correlation 
engine. Holzworth’s fully shielded, 
fanless 1U chassis eliminates ground 
loops and troublesome microphon-

formance oscillators within seconds.
All data processing is performed 

internally. Settings can be changed us-
ing serial commands. Results can also 
be read from the instrument directly 
without requiring a specifi c operat-
ing system. The hardware includes a 
MATLAB™ Runtime based GUI. To 
backup the reliability, a three-year 
product warranty covers 100% of any 
potential manufacturing defects.

Holzworth Instrumentation 
Boulder, Colo.
(303) 325-3473, option 1 
Email: sales@holzworth.com 
www.holzworth.com

Real-Time Cross 
Correlation Phase 
Noise Analyzer

Rotary Strip 
with the Komax 

Wire precision expert 
Cosmic 48R.The Cosmic 

48R is a wire stripping ma-
chine used to strip coaxial, triaxial, 
and multilayers cables from AWG 
36 to AWG 6. With its two blade rotary 
head and centering units, the Cosmic 48R 
provides a clear and precise strip every time. 
Gain a lasting edge against the competition.

CLEAR, CUT, PRECISE 
ROTARY STRIP WITH KOMAX WIRE

komaxwire.com
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packages that make them versatile for 
any application, from lab to remote 
fi eld use: a small module based syn-
thesizer, a 1U 19" rack-mount enclo-
sure, and a compact benchtop unit 
with internal rechargeable battery 
option and carrying case for fi eld use. 
The adjustable output power can be 
increased from the standard +15 dBm 
to +26 dBm (option HP).

With the fast switching option (FS), 
the 845 provides extremely fast sweeps 
that, combined with the trigger system, 
generates accurate and rapid frequency 
and power ramps down to 10 µs. Com-
pared to traditional analog sweeps, fast 
digital sweeps can be synchronized at 

B erkeley Nucleonics’ 845 
series RF/microwave sig-
nal generators cover 9 

kHz to 12, 20 or 26 GHz with excep-
tional phase noise: −115 dBc/Hz at 1 
kHz offset with a 4 GHz signal, for ex-
ample. Advanced frequency synthesis 
with a fractional-N divider provides 
the low phase noise as well as micro-
Hz resolution. The series has full 
analog modulation capabilities, i.e., 
frequency, phase, power, pulse and 
chirp; the signal generator can also be 
provided without modulation capabil-
ity (LO option) for a lower price. 

The 845 RF/microwave signal gen-
erators are available in formats and 

any time during the sweep and yield 
precise frequencies throughout the 
sweep. The signal generator can be 
programmed to execute sweeps with 
either the free BNC graphical user in-
terface (GUI) or by SCPI commands 
via USB, LAN or GPIB. The sources 
may also be accurately synchronized 
to external equipment using input and 
output triggering.

The 845 series is a proven alterna-
tive to large, complex and expensive in-
struments — for a fraction of the cost.

Berkeley Nucleonics Corp.
San Rafael, Calif.
www.berkeleynucleonics.com

Low Phase Noise, Micro-
Hz Resolution Signal 
Generators to 26.5 GHz

2016

Attention: RF, Microwave & High-Speed Digital Designers

Registration is OPEN for EDI CON USA 2016
September 20-22, Hynes Convention Center, Boston, MA

Exhibition
features:

120+ Exhibitors
Demonstrations
Poster Sessions

Hands On Training
Networking

Industry-Driven Technical
Conference with:

Technical Sessions
Panels

Workshops
Short Courses

Plenary & Keynote Talks

Come to EDI CON USA to � nd solutions, products, and techniques that you 
can put to immediate use in communication, defense, consumer electronics, 
aerospace, and medical designs.

Hot Topics: 5G, SOI, EMC/EMI, Test & Measurement, Modeling & Simulation, 
Signal Integrity, Power Integrity, EDA, Space-Quali� ed ICs, Ultra Low Power, 
MIMO, Radar, GaN, IoT

Register Online Today!
http://www.ediconusa.com/registration.asp

www.ediconusa.com
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DC TO 300 GHZ…

12 Lancaster County Road, Harvard, MA 01451
Tel: 978-772-7774, Fax: 978-772-7775

www.rec-usa.com, www.hxi.com
sales@rec-usa.com, sales@hxi.com 

www.rec-usa.com

New Thinking in Wireless and Radar Technology
www.hxi.com

Millimeter Wave
Products

WHEN IT HAS TO WORK THE FIRST TIME...

- Isolators, Circulators
- Low Noise Ampli�ers
- Power Ampli�ers
- Mixers and Detectors
- Frequency Multipliers
- Dividers, Combiners
- Attenuators, Terminations

- Filters, Duplexers
- Switches, Switch Matrices
- Radar Front Ends
- Custom Radio Links
- Test Equipment Solutions for
 WiGig and Automotive Radar

MADE IN THE USA
A S9100:2009

ISO 9001:2008 CERTIFIED
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Solid-State Power 
Amplifi er

CPI Beverly Microwave Division’s 
VSC3645 is a C-Band 4 kW 
modular GaN, high power, solid-
state power amplifi er, operating 
from 5.2 to 5.9 GHz at 10 percent 
duty. Designed to be modular, this 
amplifi er consists of four, blind 
mated, ruggedized, SSPAs and is 
designed around GaN semicon-
ductors from Wolfspeed. Benefi ts 
include: BIT and controls via EIA-
422 remote connection, blind 
mated DC and control connectors, 

high gain, excellent pulse fi delity and outstanding spectral performance. 
For use in maritime, defense radar and weather radar applications.
CPI Beverly Microwave Division
www.cpii.com/bmd
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Connectorized Modules

Leveraging the industry’s broadest device 
portfolio, including many recent releases, 
together with advanced mechanical and 
thermal design expertise, Analog Devices 
has created a wide range of connectorized 
modules, from 40 GHz switches to 8 kW 
power amplifi ers. These easy-to-use, high RF 
performance and hermetically sealed mod-
ules offer not only fast development times 
and high-reliability, but also enable com-
plete signal chain solutions for aerospace 

and defense, instrumentation and communications applications. Visit 
www.analog.com/conmodules to see the module solutions brochure, and 
www.analog.com/subsystemchallenges for an article on mastering de-
fense subsystems thermal challenges.
Analog Devices
www.analogdevices.com

Programmable 
Attenuators
Fairview Microwave Inc. released 
a new family of digitally controlled 
programmable attenuators with 
performance up to 40 GHz and up 
to 60 dB attenuation range with 
0.03 dB minimum step size. In-
stock and available to ship today, 
these programmable attenuators 
are commonly used in electronic 

warfare, military and space communication systems, radar, and test and 
measurement applications. Fairview’s digitally controlled attenuators per-
form the important function of adjusting the amplitude of signal levels in 
RF, microwave and millimeter wave systems. 
Fairview Microwave Inc.
www.fairviewmicrowave.com 

Broadband Switch
HXI’s HSWM22801-309 SPDT 
broadband switch covers a wide 
range of applications in the 26 to 
40 GHz band. The switch uses a 
low loss microstrip structure and 
a GaAs MMIC which also offers 
high RF power handling. Superior 
performance in a compact size is 
featured in this design. Applica-
tions include transmit/receive 
switching, receiver protection, inte-
grated subsystems and general RF 

switching. Renaissance Electronics & Communications LLC and its wholly 
owned subsidiary HXI LLC, provide RF, microwave and millimeter wave so-
lutions for military and commercial applications. 
HXI LLC
www.hxi.com 

Solid-State Amplifi er 
Solutions
CTT announced a new 48-page 
product catalog: Solid-State Am-
plifi er Solutions for Military and 
Commercial Applications. The new 
catalog features over 830 amplifi -
er products, of which over 365 are 
all new. Product offerings include 
new GaN power amplifi er technol-

ogy for narrowband, wideband and ultra-wideband applications. Many 
new GaAs-based power and low-noise amplifi er designs are also listed, 
including new Ka-Band, low-noise amplifi ers. The catalog also includes 
application information and case outline drawings. Visit CTT’s website for 
a free download.
CTT Inc.
www.cttinc.com

Reliable, High 
Performance Solutions

The fi rst part of HUBER+SUHNER’s 
new Defense Catalogue shows 
connectivity solutions for different 
applications, such as airborne, ra-
dar, naval, command & control, ve-
hicles and tactical equipment. The 
second part is a mirror of the grow-
ing product portfolio of defense 
specifi c products for data, signal 
and energy transmission such as: 
SUCOFLEX 200, SUCOFLEX 300, 
Eacon, Self-Locking connectors, 
VITA 67, Minibend CTR, RF-over-
Fiber series, SENCITY Shield and 

GPS Antennas. Available for download online or contact your sales repre-
sentative for the printed version.
HUBER+SUHNER
http://Aerospacedefense.hubersuhner.com/downloads
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fairviewmicrowave.com
1.800.715.4396

We’re RF On Demand, with over one million RF and microwave components in 
stock and ready to ship. You can count on us to stock the RF parts you need 
and reliably ship them when you need them. Add Fairview Microwave to your 
team and consider it done.

The Right RF Parts.
Right Away.

MWJ/FAIRVIEW/RIGHT/0315
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Complex Radar System 
Design  

Modern radar systems are complex 
and rely heavily on advanced signal 
processing algorithms. The radio 
front-end must meet specifi cations, 
often a combination of available 
devices, implementation technolo-
gies and regulatory constraints. This 
new application note showcases 
how NI AWR Design Environment, 
LabVIEW and PXI instruments work 
together to design, validate and 
prototype a radar system, provid-
ing a unique avenue for digital, 

RF and system engineers to collaborate on complex radar system design. 
Visit www.awrcorp.com/sites/default/fi les/AN-RDR-EMP-2015.6.23.pdf.
National Instruments
www.awrcorp.com

Complete Your Lab
Exceptional companies have superior labs — complete your lab with 
Maury Microwave. Maury, a leader in measurement and modeling device 
characterization solutions, VNA calibration accessories and interconnec-
tions, offers active and hybrid-active harmonic load-pull solutions, LXITM-
certifi ed mechanical impedance tuners, pulsed IV/RF compact transistor 
modeling as well as coaxial and waveguide VNA calibration kits and me-
trology adapters, in-stock color-coded precision and daily-use adapters, 
and test-port, phase-stable and value cable assemblies. Visit Maury for 
details, demos, deals and NPIs.
Maury Microwave
www.maurymw.com

Radar System 
Fundamentals

Keysight Technologies’ new ap-
plication note, “A Framework for 
Understanding: Deriving the Ra-
dar Range Equation,” covers the 
fundamentals of the radar range 
equation, which captures essential 
variables that defi ne maximum dis-
tance at which a given radar system 
can detect objects of interest. This 
mathematical foundation provides 
a powerful framework for under-
standing, characterizing and verify-
ing the actual performance of any 

radar system. Subsequent application notes in this series will focus on four 
sections of the block diagram: transmitter, receiver, duplexer and antenna. 
Keysight Technologies Inc.
www.keysight.com/� nd/radar

SATCOM Product 
Guide

Mini-Circuits’ SATCOM Product 
Guide features a full survey of 
components and assemblies for 
satellite and Earth station sys-
tems. With selected models from 
over 20 different product types 
to 40 GHz, this guide provides 
key performance parameters for 
each product and serves as a 
handy reference for engineers in 
the satellite communications fi eld 
evaluating parts for their design 
needs. The SATCOM Product Guide 
also features several integrated 

modules showcasing some of their custom design capabilities supporting 
satellite IF band applications. 
Mini-Circuits
www.minicircuits.com

Microwave Absorbers
PPG Aerospace-Cuming Microwave 
is a manufacturer of microwave 
absorbers for cavity suppres-
sion and free space applica-
tions. Their featured product is 
the C-RAM™ SFC-HC high-power, 
broadband pyramidal honeycomb 
RF absorber, a phenolic-coated 
honeycomb able to handle up to 
10 W/in2 of power with no forced 
air. Other products include: 
C-RAM™ Lossy Foams and Elasto-
meric Flat Sheet Absorbers, C-RAM 
Anechoic & Free-Space Materials, 

C-RAM Turnkey Anechoic & EMC Chamber Design and Installation, and 
C-STOCK™ Low Loss Dielectric Materials. Custom formulations and fab-
rications available. Email cmcsales@ppg.com or call (508) 521-6700.
PPG Aerospace-Cuming Microwave
www.cumingmicrowave.com

110 GHz Cable Assemblies
MegaPhase offers its Mega110 products with 1.0 mm connectors in both 
semi-rigid and fl exible cable assemblies. Their lightweight 110 GHz cable 
assemblies are specifi cally designed for the demands of high-bandwidth 
applications such as automotive radar, probe stations and mobile back-
haul. Visit http://www.megaphase.com/rf/110 and http://megaphase.
com/rf/ to review and download the product datasheets. Contact Mega-
Phase for a quote: Solutions@MegaPhase.com or (877) MEGAPHASE.
MegaPhase LLC
www.megaphase.com

®
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PRODUCTPRODUCTPRODUCTPRODUCTPRODUCTPRODUCT
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Filters, Multiplexers 
and Multi-Function 
Assemblies

When being fi rst to react makes 
all the difference in the world, 
choose Reactel for your mission-
critical fi lter requirements. You can 
count on Reactel to satisfy the 
most demanding requirements 
for units used in extremely harsh 
environments. The full-line catalog 
features RF and microwave fi lters, 
multiplexers and multi-function 
assemblies for the military, indus-

trial and commercial industries. To request a copy visit the company’s 
website or e-mail reactel@reactel.com.
Reactel Inc.
www.reactel.com

Expanded Website
RLC Electronics has expanded its 
“New Products” feature on their 
website, adding press releases, 
photos, electrical information 
and outline drawings where avail-
able. Some of the latest releases 
include high-power 18 GHz SPDT 
switches with N connectors, 30 
GHz surface mount cavity fi lters, 

Ka-Band connectorized cavity fi lters, miniature SP2T switches with MS 
connectors and phase trimmers, as well as integrated assemblies such as 
switched fi lters. RLC will continue to publish new products in this section 
moving forward on a bi-monthly basis.
RLC Electronics Inc.
www.rlcelectronics.com

Fiber Optic Rotary 
Joints 

The SPINNER FORJ 1.14 is de-
signed with a low profi le and mini-
mal weight for use in rough envi-
ronments characterized by strong 

vibrations and jolts. It is typically integrated in the airborne targeting sys-
tems of UAVs, aircrafts or helicopters. In ground-based and mobile military 
radar systems, the SPINNER FORJ enables transmission of the massive 
amounts of data passing between the rotating antenna and the process-
ing unit inside the shelter or vehicle. For these applications, SPINNER has 
equipped a multi-channel FORJ with RF rotary joints, slip rings, and media 
joints for supplying power and coolant to the antenna.
SPINNER GmbH
www.spinner-group.com

Aerospace & Defense 
Selector Guide 

Richardson RFPD is an AS9120-
certifi ed, global component dis-
tributor specializing in advanced 
connectivity solutions, and A&D 
is their largest market. The com-
pany’s GaN technology portfolio 
and wide range of MMICs, RF tran-

sistors, PAs and diodes from leading brands like ADI, MACOM, Microsemi, 
NXP and Qorvo serve a range of A&D applications, including radar, avion-
ics, EW and communications. Among the latest additions to their A&D line 
are New Edge products and the Metelics diodes now offered by MACOM.
Richardson RFPD
www.richardsonrfpd.com

True Swept Connectors

In order to achieve outstanding per-
formance of a connector, air as di-
electric and a narrow bead for cap-
tivation is needed. Spectrum offers 
the right angle airline connectors 
of series 1.85 mm, 2.4 mm, 2.92 
mm and 3.5 mm; N and TNC with 
PTFE dielectric. The VSWR is almost 
identical to straight units, operat-
ing to 18, 26, 40, 50 and 63 GHz. 
From the outside the units look like 
mitered, but internally they are true 
swepts. The units are available for 
operation temperature to +80°C 
and to +150°C as well.

Spectrum Elektrotechnik GmbH
www.spectrum-et.com

EM Analysis for 
Electrically-Large 
Platforms
Remcom’s XGtd is a general 
purpose ray-based electro-
magnetic analysis tool for 
assessing the effects of a 
vehicle or vessel on antenna 
radiation, estimating radar 

cross section (RCS), and predicting coupling between antennas. It is ide-
ally suited for applications with higher frequencies or very large platforms 
where the requirements of a full physics method may exceed available 
computational resources. Learn more at www.remcom.com/xgtd.
Remcom 
www.remcom.com/xgtd 

C o m p a n y  S h o w c a s e

http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S64&exitLink=mailto%3Areactel%40reactel.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S64&exitLink=http%3A%2F%2Fwww.reactel.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S64&exitLink=http%3A%2F%2Fwww.rlcelectronics.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S64&exitLink=http%3A%2F%2Fwww.spinner-group.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S64&exitLink=http%3A%2F%2Fwww.richardsonrfpd.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S64&exitLink=http%3A%2F%2Fwww.spectrum-et.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S64&exitLink=http%3A%2F%2Fwww.remcom.com%2Fxgtd
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S64&exitLink=http%3A%2F%2Fwww.remcom.com%2Fxgtd
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S64&exitLink=http%3A%2F%2Fwww.spectrum-et.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S64&exitLink=mailto%3Asales%40spectrum-et.com
http://www.mwjournal-digital.com/mwjournal/201608/TrackLink.action?pageName=S64&exitLink=http%3A%2F%2Frichardsonrfpd.com


MWJ/SUPP/TRAK/0816

Phase Noise of 125 MHz Carrier
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Dynamic Sources 
for Extending Your 
Dynamic Range
TRAK has been leading the way in low phase noise solutions 
for decades. Our latest sources are available as single function 
components or Integrated Microwave Assemblies (IMAs) 
featuring built-in Local Oscillators (LOs) and Synthesizers. To 
achieve the cleanest, farthest reaching signals, count on them for 
optimal dynamic range while also reducing power requirements. 
With a noise � oor this low, targets will have nowhere to hide. 

To learn more, contact us at sales@trak.com.
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■ Ultra-Low-Noise, Crystal-Based 
 Frequency Sources to 40 GHz
■ Ruggedized for Temperature 
 and Vibration
■ In-House Automated SMT, MIC 
 Manufacturing & Test

Visit us at Booth #721
Electronic Design Innovation Conference 
20-22 September 2016 Boston, MA

www.TRAK.com
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• Wide range of connector types available
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