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C.W. SWIFT & Associates, Inc.

C.W. SWIFT & Associates distributes our extensive inventory of
SGMC Microwave’s quality products ... OFF THE SHELF!
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ISO 9001:2008
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Scalable equivalent circuit models and S-parameter data are
available at Modelithics.com, in the simulator libraries of Agilent’s
ADS and Genesys software, and in AWR'’s Microwave Office suite.

Enhanced, expanded, perfected.
Powerfilm" attenuators go further.

New Powerfilm surface-mount attenuators from Inmet, part of = Frequency performance

APITechnologies Corp., are now produced in our enhanced USA up to 18 GHz

= Attenuation ranges

facility, and include even more attenuation range and power than
up to 20dB

ever before. Employing a proprietary, highly reliable thick/thin film
= Power ranges up to

processing approach, these devices are optimized for your high-power 100 Watts

signal conditioning, leveling, gain optimization and matching
network challenges.

They're easily designed-in, are readily available, and are priced
competitively. Visit our website for detailed specifications.

api <>~

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

Inmet is now part of APl Technologies Corp.
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Widebhand
Transformers&Baluns!

NOW!

4 kHZ = 18 GHZ From QQ:EWQO)

To support an even wider range of applications, Mini-Circuits tiny surface-mount transformers and
baluns now cover frequencies from 4 kHz up to 18 GHz! Our latest designs achieve consistent performance
across very wide frequency bands, and our baluns have demonstrated great utility for use with chipsets.
With over 250 trusted models in stock representing a wide selection of circuit topologies and impedance
ratios, chances are, we have a solution for your needs!

Our Low Temperature Co-Fired Ceramic (LTCC) models provide reliable performance in tough operating
conditions, tiny size — as small as 0805 — and very low cost. All core-and-wire models are available with our
exclusive Top Hat® feature, improving pick-and-place accuracy and throughput. We even manufacture
our own transmission wire under rigorous control and use all-welded connections to ensure reliability and
repeatability you can count on.

Visit minicircuits.com and use Yoni2®, our patented search engine , 4 ;/ /

to search our entire model database by performance criteria and o X )

find the models that meet your requirements. Order today and have (7)-?5,,)( 0.15* 3{8‘8 X 0.05” g{ ggf 0.10"
them in hand as soon as tomorrow! Cost-effective custom designs ' Ceramic Ceramic
and simulations with fast turnarounds are just a phone call away! ORoHs compliant.

[ JMini-Circuits’

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

COUPLERS

5kHzto18 GHz up to 250 W ion 9 5 g (qty.1000)

\\\o\N\- Looking for couplers or power taps? Mini-Circuits has
475 326 models in stock, and we’re adding even more! Our

versatile, low-cost solutions include surface-mount
models down to 1 MHz, and highly evolved LTCC
designs as small as 0.12 x 0.06", with minimal insertion
loss and high directivity. Other SMT models are designed
for up to 100W RF power, and selected core-and-wire
models feature our exclusive Top Hat™ for faster,
more accurate pick-and-place.

At the other end of the scale, our new connectorized
air-line couplers can handle up to 250W RF input power,
with low insertion loss and exceptional coupling flatness!
All of our couplers are RoHS compliant. So if you need
a 50 or 75Q, directional or bi-directional, DC pass or DC
block coupler, for military, industrial, or commercial
applications, you can probably find it at minicircuits.com,
and have it shipped today!

[ JMini-Circuits’

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

(718) 934-4500 sales@minicircuits.com
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Redefining RF and
Microwave Instrumentation

with open software and modular hardware

Achieve speed, accuracy, and flexibility in your RF and microwave test applications WIRELESS TECHNOLOGIES

by combining Mational nstruments open software and modular hardware. Unlke rigid National Instruments supports a troad

] irel i including:
traditional instruments that quickly become obsolete by advancing technology, the range of wireless standards including

system design software of NI LabVIEWW coupled with NI PXI hardware puts the latest B0Z.11a/b/g/n/ac LTE
COMAZO00D/EV-DO GSM/EDGE

advances in PC buses, processors, and FPGAs at your fingertips. WCDMA/HSPA/HSPA+  Bloetaoth

> Learn more at ni.com/redefine

800 813 5078 NATIONAL
INSTRUMENTS
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p Editorial

The Wayland “Haunting”

Tom Perkins
Sr. Technical Editor

With Halloween just weeks away, the following is
an interesting story related to me recently. No, it’s
not about long delayed echoes (LDE), also called
ghost echoes, although that is an interesting and
mysterious topic in itself. That phenomena seems to
occur on HF frequencies moreso than on VHF, UHF
or microwave frequencies.

Since we are on the subject, there are at least five
explanations for the HF behavior: 1) Ducting in the
magnetosphere and ionospheric reflection, 2) Multiple
trips around planet earth, 3) Mode conversion involv-
ing coupling to mechanical waves in the ionosphere, 4) Reflection from dis-
tant plasma clouds, and 5) Non-linearity in addition to mode conversion.
Some delayed signals have been reported up to 20 minutes, which, if strict-
ly propagated in a vacuum, would be about 223 million miles, or represent
about 9,000 trips around the world.

We are also not going to discuss Navy personnel warming themselves in
front of a horn antenna during WWII. That, too, was spooky at the time, as
were many other phenomena in the days of mysterious and misunderstood
microwaves.

Raytheon

Now the story. The son of a good friend worked at the Raytheon
Equipment Division in Wayland, Mass., over 25 years ago. We'll call him Dr.
K. Although not an engineer, he was tied closely to large radar projects and
we discussed one of them at some length. The large facility, strictly limited
to research and design by apparent town mandate and zoning, was located
on land previously dedicated to farming in a picturesque suburb of Boston,
close to the town center. To the north and northwest were vast wetlands and
swampy land somewhat intersected by the winding Sudbury River. A visit
to the area reveals the rich heritage of Colonial America with many well-
kept homes, barns, historical markers and occasional ancient taverns, res-
taurants, hostelries, and grist mills.

Over a period of approximately 40 years, the facility served as a testbed
for many radar system prototypes. A casual sightseer passing through
would have no idea, as most of the equipment was well hidden from the
main roads. Dr. K was working on a very high power UHF search radar that
had a mechanically steered azimuth antenna. Because of the effective radi-
ated power (ERP), and possibly other criteria, it was permitted to radiate
only over a very narrow “window” as it made its 360-degree sweep. This
would generally be out over the unpopulated wetlands, which extended for
several kilometers.



One day Dr. K was asked by his
manager to pay a visit to a nice colo-
nial farmhouse neighboring the
facility. Once there, an elderly lady
invited him in, perhaps served tea
and said that for some time her
house had been haunted. She
believed it was due to some sort of
“Raytheon demons.” She lived alone
and was terrified at times from eerie
sounds, seemingly out of nowhere.
After hearing the lady’s descriptive
story of low-frequency “wooing” nois-
es, Dr. K called the plant and asked
operators to turn on the radar.

Tracking the Source

There was initially nothing heard
or felt but suddenly an eerie, audible
sound emanated for a many millisec-
onds, repeating periodically several
times a minute. Dr. K carefully
searched for the source of the sound.
He eventually traced it to an elec-
tronic organ, apparently plugged in,
but powered off. The edge of the
radiated beam was strong enough at
the home to stimulate parts of the
organ through diode rectification or
otherwise cause some sort of conduc-
tion in whatever devices it had,
probably transistors. One could
speculate several possibilities. If the
radar was sometimes operated after
dark, this would have added to the
spooky intrusion. The corrective
action was to move or narrow the
radiated beam. The “haunting” thus
ceased.

To the casual observer, the
defense contractor facility would
appear to be “misplaced.” But the
availability of an outdoor radar
range in such proximity to Boston
and nearby manufacturing facilities
was a big benefit during the Cold
War. The tax benefits to the town
were likely equally lucrative. The
Raytheon Wayland facility, built
circa 1955, no longer exists, since
replaced by upscale shops and resi-
dential housing facilities.

With EMI/EMC increasingly a
big issue, particularly since many
devices are interconnected wireless-
ly, this actually makes a good story
for today’s engineers and techni-
cians. It also crudely exhibits the
possibilities for wireless power
transfer, directed energy, and energy
harvesting. So, this Halloween—

don’t be afraid, investigate thor-
oughly, and may your pumpkin have
a smiley face!

Emulator

Test solutions for ....

WIN-T

JTRS
IRIS /

RF Test Equipment for Wireless Communications

~ dlEBmCorp, Inc

Powerful Multipath/Link

Multipath Rayleigh & Rician Fading
Unmanned Arial Vehicle’'(UAV) testing

Sophisticated Satellite link emulation
Mobile Comm’s on the_move t€sting

- warfare information networks, tactical
MUOS  imobile user objective system
- JointyTactical Radio System

= Interngt routing in space

- Medernization Enterprise Terminal

32A Spruce Street & Oakland, NJ 07436
Tel (201) 677-0008 & Fax (201) 677-9444

www.dbmcorp.com

Get info at www.HFelink.com
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CONFERENCES & MEETINGS

2015 IEEE International Conference on Ubiquitous
Wireless Broadband (ICUWB)

4 — 7 October 2015

Montreal

www.icuwb2015.org

2015 IEEE 24th Electrical Performance of Electronic
Packaging and Systems (EPEPS 2015)

25 - 28 October 2015

San Jose, California

http://epeps.ece.illinois.edu

Paper Submission Deadline: 26 June 2015

2015 IEEE International Conference on Microwaves,
Communications, Antennas and Electronic Systems
(COMCAS)

2 - 4 November 2015

Tel Aviv, Israel

http://www.comcas.org

Paper Submission Deadline: 30 May 2015

2015 IEEE MTT-S International Microwave and RF
Conference (IMaRC 2015)

10 - 12 December 2015

Hyderabad, India

http://www.imarc-ieee.org

Paper Submission Deadline: 7 August 2015

2016 IEEE MTT-S Radio Wireless Week (RWW 2016)
24 - 27 January 2016
Austin, Texas
http://www.radiowirelessweek.org/
Paper Submission Deadline: 27 July 2015

2016 IEEE MTT-S International Wireless Symposium
(AWS)

14 - 16 March 2016

Shanghai, China

Full Paper Submission Deadline: 16 Oct 2015

Final Submission Deadline: 16 Jan 2016

TR . T =
R .

2016 IEEE MTT-S International Conference on Micro-
waves for Intelligent Mobility (ICMIM)

19 - 20 May 2016

San Diego, CA

Abstract Submission Deadline: 18 Dec 2015

Full Paper Submission Deadline: 26 Feb 2016

Final submission Deadline: 26 Feb 2016

2016 IEEE/MTT-S International Microwave Sympo-
sium - MTT 2016

22 - 27 May 2016

San Francisco, CA

COMPANY-SPONSORED

TRAINING & ToOOLS

Analog Devices

Training, tutorials and seminars.
http:/ lwww.analog.com/en/training-tutorials-semi-
nars/resources/index.html

NI AWR
On-site and online training, and open training courses on
design software.

http:/ lwww.awrcorp.com / news/trainings

National Instruments
LabVIEW Core 1
Online
http:/ | sine.ni.com/tacs/app/fp/p/ap/ov/pg/1/
LabVIEW Core 2
Online
http:/ I sine.ni.com/tacs/app/fp/p/ap/ov/pg/1/
Object-Oriented Design and Programming in LabVIEW
Online
http:/ | sine.ni.com/tacs/app/fp/p/ap/ov/pg/1/
Free, online LabVIEW training for students and teachers.
http:/ I sine.ni.com /nievents/app /results/p/country/
us/type/webcasts/
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Tunable Low Noise Oscillator Solutions

600 MHz to 40 GHz!

MLTO-Series. Permanent magnet
designs available covering the 2 to 16 GHz
frequency range. Units provide +8 dBm

power levels and operate without a heater.

TO-8 packages are provided with three
height variations available depending on
frequency coverage.

MLMB/MLMY-Series. Electromagnetic
PCB mount and Mini designs are available
covering 700 MHz to 12 GHz frequency
range. Phase noise of -130 dBc/Hz is
provided with output power levels to

+16 dBm. Commercial and extended

temperature units are available throughout

the product line.

MLOS-Series. Units cover 600 MHz
to 40 GHz in bands. Standard 1.75”

or 2" cylinder packages are provided.
Millimeter wave units are available in
wide band configurations covering

18 t0 26.5 GHz, 18 to 40 GHz and 26.5
to 40 GHz. Commercial and extended
temperature units are available
throughout the product line.

MLPB/MLMY-Series. Permanent
Magnet based PCB mount and Mini
designs are available covering the 2 to
20 GHz frequency range. Output power
levels up to +16dBm are provided along
with low phase noise between -124
dBc/Hz to -130 dBc/Hz depending on
frequency. Commercial and extended
temperature units are available
throughout the product line.

MLSN-series

See our complete line of low noise frequency synthesizers

MLSP-series MLSW-series
Synthesizers Synthesizers Synthesizers Test Box
600 MHz to 20 GHZ 2t016GHz ~ 600 MHz to 16 GHz 21016 GHz

MLBS-series

e

MLSMO-Series. Permanent magnet
based surface mount units are available
covering the 2 to 16 GHz frequency
range. A test fixture is available for
evaluation and test. Units provide very
low phase noise of -128 dBc/Hz at 10
GHz. Low prime power inputs of +8 Vdc
and -5 Vdc are utilized and no heater
power is required.

MLX-Series. Electromagnetic units
that cover 6 to 22 GHz. Extremely low
noise versions providing phase noise
performance between -125 dBc/Hz to
-130 dBc/Hz @ 100 kHz offset. Power
output levels of +14 and +15 dBm are
standard. Package sizes of 1” cube,
1.25" cube and 1.75” cylinder gives the
user flexibility in mechanical design.
Commercial and extended temperature
range units are available. All standard
driver interfaces are available from
analog, 12 bit TTL and 16 Bit serial.

S= MICRO LAMBDA
WIRELESS, INC.

“Look to the leader in YIG-Technology”

46515 Landing Parkway, Fremont CA 94538 * (510) 770-9221 - sales@microlambdawireless.com




P Market Reports

Demand from Aerospace and Defense

Boosts Prospects for T&M Vendors

The aerospace and defense (A&D) industry policy of
getting things right on the first attempt has created a
greater need for testing and measurement/inspection. With
a number of complex systems in place, the emphasis is
particularly on electronic test and dimensional metrology
solutions.

New analysis from Frost & Sullivan finds that the
market earned revenues of $3.18 billion in 2014 and
estimates this to reach $3.87 billion in 2019 at a com-
pound annual growth rate of four percent.

“Modularity is a key trend in any technologically-evolv-
ing industry and A&D is no exception,” said Frost &
Sullivan Measurement & Instrumentation Industry
Analyst Prathima Bommakanti. “It is a major aspect of
aircraft design — components are in the form of separate
modules, which are then integrated in the total engine
system. Modular components are preferred as they offer
scalability and flexibility. This, however, will reduce the
cost of tests.”

With strict defense budgets, A&D participants are also
less likely to invest in new capital equipment. Along with
economic uncertainty and pricing pressure, these factors
can negatively affect the growth of the global test, mea-
surement and instrumentation market. Small players will
be hit hard as global customers stay conservative and opt
for bigger, well-established test equipment vendors.

“Further, widespread use and decreasing prices of elec-
tronics mean that end users continually demand attrac-
tively-priced software and hardware despite the enhanced
performance of products,” noted Bommakanti. “Customers
also want more extensive services and support from test
and measurement equipment manufacturers.”

Focus on massive upgrades to existing systems
and select new installations to improve high through-
put connectivity will, nevertheless, create opportunities for
testing, instrumentation and measurement equipment
vendors that offer products with competitive price-perfor-
mance attributes. Ease-of-use and minimum set-up time
will be highly valued. By ensuring such solutions, which
cater to evolving end-user technologies, vendors can con-
siderably improve their market position.

—Frost & Sullivan
frost.com

China Driving RF Power Amp Sales

for Wireless Infrastructure

The year 2014 was a banner year for wireless
infrastructure hardware, especially RF power
amplifiers; and prospects look good for growth
through 2020, according to ABI Research. The Asia-
Pacific region, including Japan, continues to account for

10 High Frequency Electronics

the majority of RF power amplifiers sold into the mobile
wireless infrastructure segment. According to Research
Director Lance Wilson, “For the foreseeable future the
Asia-Pacific region, particularly China, will remain the
most important region and focus for RF power amplifiers
for wireless infrastructure.”

LTE and TD-LTE have become increasingly important
factors in this business and will continue to drive growth
for the future. “Up until 2014, LTE had not significantly
impacted RF power amplifier sales to the degree some
would have wished,” says Wilson, “but that has changed
now and as 2014 demonstrated, LTE is going to drive RF
power sales in the wireless infrastructure space from 2015
onward.” The continuing overall need for wireless data
remains an important driver for the overall market for RF
power amplifiers for wireless infrastructure.

RF Power Amplifier Equipment for Cellular and
Wireless Infrastructure examines how RF power amplifi-
ers are evolving to the changing topologies of modern base
stations, remote radio heads, and active antennas.
Quantitative forecasts are presented through 2020.

—ABI Research
abiresearch.com

Gartner: Internet of Things Will

Change Cybersecurity Forever

Over 20 percent of enterprises will have digital security
services devoted to protecting business initiatives using
devices and services in the Internet of Things (IoT) by year
end 2017, according to Gartner, Inc. Gartner defines digital
security as the risk-driven expansion and extension of cur-
rent security risk practices that protect digital assets of
all forms in the digital business and ensures that
relationships among those assets can be trusted.

“The IoT now penetrates to the edge of the physical
world and brings an important new ‘physical’ element to
security concerns. This is especially true as billions of
things begin transporting data,” said Ganesh Ramamoorthy,
research vice president at Gartner. “The IoT redefines
security by expanding the scope of responsibility into new
platforms, services and directions. Moving forward, enter-
prises should consider reshaping IT or cybersecurity strat-
egies to incorporate known digital business goals and seek
participation in digital business strategy and planning.”

In an IoT world, information is the “fuel” that is
used to change the physical state of environments
through devices that are not general-purpose computers
but, instead, devices and services that are designed for
specific purposes. As such, the IoT is at a conspicuous
inflection point for IT security, and the chief information
security officer (CISO) will be on the front lines of its
emerging and complex governance and management.

—Gartner
gartner.com
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Ideal for use in Bias Tees, Coilcratt 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.

\&/ wilcrafidirect com 4
® ® Nonm

in order. Next day delivery.

WWW.CO

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 you
free evaluation samples
by visiting us online at:
coilcraft.com/conicals.
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ILCRAFT.COM



P In the News

See that black speck on the Lincoln’s penny-minted
nostril? And on the right, notice another three of those
specks comfortably framed by the eye of a needle? Those
semiconductor chiplets, or “dielets” as DARPA Program
Manager Kerry Bernstein calls them, could become
Lilliputian electronic tamper-watching sentinels
affixed to virtually every chip built into commer-
cial and military systems.

Their future job? To safeguard against an expanding
arena of 21st century crime that could threaten the trust-
worthiness of just about anything with a chip in it—from
smart credit cards to engine- controlling automotive com-
puters to F-16 fighter-jet radar systems. Counterfeit,
cloned, and otherwise doctored electronic chips
already are circulating in markets and the problem
is only likely to grow in the coming years. Shown
here are dummy dielets that DARPA-supported research-
ers have produced to help them learn how to dice, sort,
pick, place and otherwise handle such teensy components,
which would affix to individual chips with a footprint the
size of a dust speck.

If fully developed as envisioned in DARPA’s Supply Chain
Hardware Integrity of Electronics Defense (SHIELD) pro-
gram, each of these dielets will host up to 100,000 tran-
sistors and have features and functions remarkable for
their scale, among them two-way radio communication,
on-board encryption, an energy harvesting function that
casts away the need for a battery, and passive sensors
for tamper-detection—all the while consuming less than
50 microwatts and costing the equivalent of the portion
of a penny occupied by Lincoln’s head, that is, a fraction
of a cent. “We are on track to build the world’s smallest
highly integrated computer chip,” says Kerry. “If we suc-
ceed, then an untrained operator at any place along the
supply chain will be able to interrogate the authenticity of
any component used by the Defense Department or in the
commercial sector, and get high-confidence results back
immediately, on site, securely and essentially for free.”

ok ok
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For decades, U.S. military air operations have relied
on increasingly capable multi-function manned aircraft
to execute critical combat and non-combat missions.
Adversaries’ abilities to detect and engage those aircraft
from longer ranges have improved over time as well,
however, driving up the costs for vehicle design, operation
and replacement. An ability to send large numbers of
small unmanned air systems (UAS) with coordinat-
ed, distributed capabilities could provide U.S. forc-
es with improved operational flexibility at much
lower cost than is possible with today’s expensive,
all-in-one platforms—especially if those unmanned
systems could be retrieved for reuse while air-
borne. So far, however, the technology to project volleys
of low-cost, reusable systems over great distances and
retrieve them in mid-air has remained out of reach.

To help make that technology a reality, DARPA has
launched the Gremlins program. Named for the imagi-
nary, mischievous imps that became the good luck charms
of many British pilots during World War II, the program
seeks to show the feasibility of conducting safe, reliable
operations involving multiple air-launched, air-recover-
able unmanned systems. The program also aims to prove
that such systems, or “gremlins,” could provide significant
cost advantages over expendable systems, spreading out
payload and airframe costs over multiple uses instead of
just one.

“Our goal is to conduct a compelling proof-of-concept
flight demonstration that could employ intelligence, sur-
veillance and reconnaissance (ISR) and other modular,
non-kinetic payloads in a robust, responsive and afford-
able manner,” said Dan Patt, DARPA program manager.

The Gremlins program seeks to expand upon DARPA’s
Request for Information (RFI) last year, which invited
novel concepts for distributed airborne capabilities. It
also aims to leverage DARPA’s prior success in develop-
ing automated aerial refueling capabilities, as well the
Agency’s current efforts to create advanced UAS capture
systems for ships.



/ ‘OUR COMPLE E E-BAND

O 'no

7 2]~ MADE IN USA

www.sagemillimeter.com | 3043 Kashiwa Street, Torrance, CA 90505
T: 424-757-0168 | F: 424-757-0188 | sales@sagemillimeter.com

Millimeter, Inc.



PIN DIODE LIMITERS
1 WATTCW 1 -40 GHz

(Very High Frequency)

- Vary High |
« 1 Watt CW Power H

Capability , )
. mtmmulmtmwg

Time (10 nsec typical)
+ Hermetically Sealed Module

ﬁmmm
andling

Typlcal Performance @ + 25 Deg. C (Preliminary)

AR |’ | TRL uum1
W, | ME | peenon | MREML | pgew
otz Logs & [T
= Hea i#a
P2 1. 1 “ =
WPt -4 3 3 e
[l ] -4 1 ] i
PEatA -8 44 ] o
R 10 45 k] ]
BT Er 85 ) B
fle ] u-u " # o
Herotek

Get info at www.HFelink.com

14 High Frequency Electronics

P In the News

The program envisions launch-
ing groups of gremlins from
large aircraft such as bombers
or transport aircraft, as well as
from fighters and other small,
fixed-wing platforms while those
planes are out of range of adver-
sary defenses. When the gremlins
complete their mission, a C-130
transport aircraft would retrieve
them in the air and carry them
home, where ground crews would
prepare them for their next use
within 24 hours.

DARPA plans to focus primarily on
the technical challenges associated
with safe, reliable aerial launch and
recovery of multiple unmanned air
vehicles. Additionally, the program
will address new operational capa-
bilities and air operations architec-
tures as well as the potential cost
advantages.

Millimeter wave vacuum tubes,
including ones like the travelling
wave tube (TWT) depicted here,
amplify signals by exchanging
kinetic energy in the electron
beam (shown as a blue line) with
electromagnetic energy (shown
as a wave) in the signal. This
figure represents a cutaway view
of a TWT with all of the critical
components: electron gun, mag-
netic circuit, electron collector,
and the windows that keep the
vacuum inside the tube while let-
ting the signals flow in and out.

Solid-state electronics began to over-
take vacuum tubes in radios, comput-
ers and other electronic and radio fre-
quency gadgetry more than 60 years
ago. Now we live in a Silicon Age.
Even so, vacuum electronic devices,

whose origins date to the 19th cen-
tury, touch our lives every day.

Those microwaves that heat the food
in your microwave oven come from
a magnetron, the vacuum tube that
made radar possible in the first half
of the 20th century. Traveling wave
tubes (TWTs), not solid-state
amplifiers, generate the strong
electromagnetic signals in com-
munication satellites because of
their exceptional on-orbit reli-
ability and high power efficiency.
And it’s the unique ability of vac-
uum tube electronic devices to
generate high-frequency signals
at chip-melting operating powers
that makes possible modern avia-
tion radar systems for navigation
and collision avoidance. What’s
more, there are more than 200,000
vacuum electronic devices (VEDs)
now in service in the Department of
Defense, powering critical communi-
cations and radar systems that cover
the land, sea, air, and space. With its
new Innovative Vacuum Electronic
Science and Technology (INVEST)
program, DARPA aims to develop the
science and technology base for new
generations of more capable VEDs.

=L JitterLabs

JitterLabs (jitterlabs.com), Milpitas,
Calif.,, announced the launch of an
independent test lab to charac-
terize frequency sources, and a
software-as-a-service application for
vendors of clock and timing devices
to manage their test data. JitterLabs
provides an independent test lab to
characterize clock (and clock-like
data) signals between 10 MHz and
7+ GHz, such as output by tim-
ing devices, VCOs, PLLs, PHYs,
ASICs, FPGAs, and test equipment.
Available measurements include
phase noise, jitter, Allan deviation,
VCO modulation bandwidth, power
supply noise rejection, PLL jitter
transfer, and more.



NI AWR Design Environment

Now Playing on a Screen Near You

Microwave Office | Visual System Simulator | Analog Office | AXIEM | Analyst

V12 NI AWR Design Environment redefines the term
"user productivity” for designers of MMICs, RF PCBs,
modules, and more. With the addition of new amplifier,
radar, and antenna specific features, expanded third-party
flows for EM, stability analysis, and DRC/LVS, as well as

>> Learn more at ni.com/awr

additional speed and ease-of-use enhancements, it's never
been easier to streamline your design process, improve
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CST 2015
Webinar Series

EE Webinars

CST announced a series of webi-
nars from this month through De-
cember, covering trending topics in
the world of electrical engineering.
They will show how electromagnet-
ic simulation can be used to design,
analyze and optimize cutting-edge
devices. Topics include graphene,
implantable electronics and electri-
cal car motor control, with applica-
tions across the spectrum from low-
frequency, through microwaves and
RF, to optical.

CST
cst.com
Power Amps

Pasternack announced an expanded
offering of gallium nitride (GaN) co-
axial power amplifiers. These rug-
ged, connectorized designs have
the advantage of high output load
impedance that offers easier im-
pedance matching over wider band-
widths using lower loss components.
Applications include commercial
and military radar, jamming sys-
tems, medical imaging, communica-
tions and electronic warfare.

Pasternack
pasternack.com

IC

16

Anokiwave announced the first in
a family of X-band Silicon Radar
Quad Core IC solutions for commer-
cial radar and 5G communications
markets. The AWS-0103 supports 4
radiating elements with dual beam
Rx, single beam Tx, and includes

High Frequency Electronics

6-bit phase and 6-bit gain control.
It provides high input linearity in
Rx mode and is intended to be used
with a GaAs or GaN front end.

Anokiwave
anokiwave.com

Transistors

Infineon introduced a new family
of Gallium Nitride (GaN) on Silicon
Carbide (SiC) RF power transistors
which enable cellular amplifier de-
signers to build smaller, more pow-
erful and more flexible transmit-
ters. Key Features: 70 W to 170 W
(P3dB); 1800 MHz to 2700 MHz;
high efficiency; broadband capabil-
ity.

Infineon
infineon.com

Harmonic Mixer

Model SFH-10SFSF-A1is a W-Band
balanced harmonic mixer especially
designed for Keysight’s spectrum
analyzer series. It employs high
performance GaAs Schottky flip
chip diodes, balanced configura-
tion to produce superior RF perfor-
mance. The required LO frequency
range is 3.0 to 6.1 GHz and power is
+16 dBm, which translates the har-

monic number 18 and resultants IF
frequency range is DC to 1.3 GHz.

SAGE Millimeter
sagemillimeter.com

Rals

Equalizer

The VAEQ-1220-75+ 75Q voltage
variable equalizer supports DOC-
SIS® 3.1 bandwidth requirements
from 50 to 1220 MHz and enables
precise attenuation slope control
to accurately linearize devices over
frequency. It operates on a 5V sup-
ply with 16mA max. current con-
sumption and has a control voltage
range from 0 to 7V with 20mA max.
control current. Features high IP3
of +50 dBm and low deviation from
linear loss of +0.5 dB.

Mini-Circuits
minicircuits.com

.

GRF3012

Gain Blocks

Guerrilla RF introduced a new ad-
dition to the company’s family of
high linearity gain blocks featuring
a unique combination of simple-
application schematic, flat gain
and high compressed output power
which operate from near DC up to
4 GHz. The GRF2012 and GRF2013
are ideal as cost-effective pre-
drivers for today’s state-of-the-art
broadband GaN high power amplifi-
ers as well as a multitude of general
purpose, high-performance gain
block applications.

Guerrilla RF
guerrilla-rf.com

Coupler

AtlanTecRF announced inventory
of the new Ultra Broad Band 180



The Right RF Ports.

Right Away.

=a" Fairview Mlcmwave ]

B RF COMFONENTS ON DEMA W
N\ ; -
- @ @

D Mew Producs O Adnprers © Connectory
i"" Tw
L @.
O Terminations O Izolators D Circulators
Teo @
© Antennas ©Q Blas Tees © Shorts & AF Caps

farvrs = aommy

bk R T@ 4 B

W0 items In Cart | 40 Login

() Live Chat | %.1-800-715-4396

B Armpdifiers

O Artenigators Q& Cabile Agsemb

B Porwer Diide i

© Couphg

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.

fairviewmicrowave.com
1.800.715.4396

== Fairview Microwave,

H m RF COMPONENTS ON DEMAND. Dol



RF,MICROWAVE & MILLIMETER-WAVE

COMPONENTS AND SUB-SYSTEMS

UP TO 325GHz 6‘-";-:.

AMPLIFIERS UP 110GHz —
FREQUENCY MULTIPLIERS/IDIVIDERS
(UF TO 160GHz)

CONVERTERS UP TQ 110GHz
ANTENNAS UP TO 220GHz

COUPLERS UP TO 220GH
FERRITE PRODUCTS
(ISOLATORSICIRCULATORS)
UP-TO 160GHZ

FILTERS/DIPLEXERS
SOURCES UP TO 160GHz

SWITCHES UP TO 160GHz
PHASESHIFTERS I_IF TO 160GHz

TRANSITIONSIADAPTERS (UP TO 325GHz)
WAVEGUIDE PRODUCTS UP TO 325GHz

TERMINATIONS/LOADS UP TO 160GH
MEXERS({UP TO 110GHz)

ATTENUATORS{UP TO 160GHz)
DETECTORS(UP TO 160GHz)

LIMITERS{UP TO 160GHz)
BLAS TEE (UP TO 100GHz)

POWER COMBINERS/DIVIDERS EQUALIZERS
CABLES

ASSEMBLIES/CONNECTORS (UP TO 100GHZ)
SUB-SYSTEMES (UP TQ_'IEIDGH"I
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degree Hybrid Coupler covering
an instantaneous bandwidth of 2
to 18 GHz. Model AH180-020180
is a compact stripline hybrid cou-
pler providing 180 degree phase
shift and in-phase outputs from
two combined signals in the 2 — 18
GHz range with maximum ampli-
tude unbalance of +/-1.2dB and
maximum phase unbalance of 12
degrees.

AtlanTecRF
atlantecrf.com

Power Dividers

Model series 151-285-XXX is a
family of resistive power dividers
in 2, 4, 6 and 8 way configurations.
These 50 Ohm, 10 watt average
power devices have an operating
frequency range of DC - 6 GHz. In-
sertion loss above theoretical loss
is + 1.0 dB nominal for 2 and 4
way configurations. Insertion loss
above theoretical loss for 6 and
8 way configurations is + 1.0 dB
nominal DC - 5 GHz and + 1.6 dB
nominal 5 - 6 GHz.

BroadWave Technologies
broadwavetechnologies.com

LNA
BNA-1575 is a band limited low
noise amplifier, designed for GPS
L1 band 1575.42MHz receiving

P Featured Products

application. With 1.1dB noise fig-
ure and 33dB gain, BNA-1575 is
suitable for boosting GPS signal
level and overcome RF cable loss.
Measured at 1.25" x 1.25" x 0.625”,
the unit can be powered with 5V
to 15V DC power supply and only
drawing 10mA current.

RF Bay
rfbayinc.com

Instrument Amplifier

The TVA-82-213A+ benchtop in-
strument amplifier provides ex-
tremely wideband performance
with 25 dB gain and +3.0 dB gain
flatness across the entire 0.8 to
21 GHz frequency range, ideal for
wideband test instrumentation
and lab use. It achieves +24 dBm
output power at 1 dB compression,
+30 dBm OIP3, 3 dB noise figure,
70 dB reverse isolation, and good
input/output matching across its
entire operating frequency range
(1.35 input VSWR, 1.4 output
VSWR).

Mini-Circuits
minicircuits.com

Noise Source
Model STZ-10-I1 is a W-Band
noise source that delivers 12 dB
ENR with extreme flatness over
75 to 110 GHz. It is integrated
with SAGE Millimeter’s high-
quality Faraday isolator (STF-
10-S1) to improve the port VSWR
and load pull for more reliable and
accurate noise figure measure-
ment. It can work in either CW or
pulse AM mode by applying TTL
triggering signal via an SMA (F)
connector. This feature can also be
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P> 1S680 materials offer a complete laminate materials solution for
single- and double-sided printed circuit designs and are a cost-
effective alternative to PTFE and other commercial microwave
materials. Dk available from 2.80 to 3.45.

P> I-Tera® MT RF materials are available in 0.010”, 0.020” and
0.030” in 3.38, 3.45 and 3.56 Dk.

P> I-Tera® MT materials are suitable for both high-speed digital and
RF/microwave designs. A full compliment of cores and prepregs
allowing flexibility in design is available in core thicknesses from
0.002” to 0.018”. I-Tera MT has been used in designs up to 24 GHz.

P> TerraGreen® halogen-free, very low-loss, thermoset materials
are available in a variety of laminate and prepreg offerings. This
material is inexpensive to process — improving your company’s
bottom line, as well as the environment.

P> The revolutionary Astra® MT ultra low-loss thermoset laminates
are a replacement for PTFE. Astra MT is available in core and
prepreg for double sided, multilayer and hybrid designs using
isola 185HR, 370HR or IS415. Astra MT has been used in designs
up to 77 GHz.

RF/MICROWAVE MATERIALS

I-Tera®MTRF | I-Tera® MT | TerraGreen® Astra®MT
Tg 200°C 200°C 200°C 200°C 200°C
Td 360°C 360°C 360°C 390°C 360°C
Dk @ 10 GHz 2.80 - 3.45 3.38, 3.45 & 3.56 3.45* 3.45* 3.00
Df @ 10 GHz 0.0028-00036 | 002800031 & 0.0031* 0.0030% 0.0017
CTE Z-axis (50 to 260°C) 2.90% 2.80% 2.80% 2.90% 2.90%
T-260 & T-288 >60 >60 >60 >60 >60
Halogen free No No No Yes No
VLP-2 (2 micron Rz copper) Available Available Available Standard Standard
Stable Dk & Df over the o ° _BEO ° _ERO o _EFO o _AN° o
temperature range -55°C to +125°C 55°C to +125°C 55°C to +125°C 55°C to +125°C 40°C to +140°C
Optimized global constructions for
Pb-free assembly Yes Yes Yes Yes Yes
Compatible with other Isola For use in double-
products for hybrid designs sided applications ves Yes Yes Yes
Low PIM < -155 dBc Yes Yes Yes Yes Yes
* Dk & Df are dependent on resin content NOTE: Dk/Df is at one resin %. Please refer to the Isola website for a complete list of Dk/Df values. The data, while believed to be accurate & based on analytical methods considered to be reliable, is for
information purposes only. Any sales of these products will be governed by the terms & conditions of the agreement under which they are sold.

RF Conversion Service

P> Isola’s Design Review Service can facilitate your conversion to
Isola’s RF/microwave products and get you to market faster with
the newest, ultra-low-loss materials.

P> As part of this new service, Isola’s technical staff will provide
turn-key calculations, testing, characterizations and material
recommendations to assist PCB fabricators and OEMSs in
converting to Isola’s RF-materials, which will help overcome
the current material shortages of other vendors and accelerate
time-to-market. The design review service also addresses the
perceived conversion issues when migrating from a currently
used material to an Isola material.

http://www.isola-group.com/conversion-service

Isola, I-Tera, TerraGreen, Astra and IsoDesign and the Isola logo are registered trademarks of ISOLA USA Corp. in the U.S.A. and other countries. All other trademarks
mentioned herein are property of their respective companies. Copyright © 2015 Isola Group. All rights reserved.

FREE! Impedance and Power-Handling Calculator
P> Isola’s free Impedance and Power-Handling Calculator

predicts the design attributes for microstrips and striplines
based on the design’s target impedance and dielectric properties
of the company’s RF, microwave and millimeter-wave laminate
materials.

P> This software tool provides a design or an equivalent dielectric

constant to facilitate modeling for PCB designers to predict
impedance and other design attributes. The software computes
changes in the effective dielectric constant due to dispersion

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

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

www.isola-group.com/RF
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used in automatic test systems to
turn on and off the source remotely.

SAGE Millimeter
sagemillimeter.com

feeds, or anywhere a small sample

of the RF signal is required.

Richardson RFPD
richardsonrfpd.com
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Couplers

Richardson RFPD announced avail-
ability and full design support for
a selection of broadband surface
mount directional couplers from
Innovative Power Products. These
unique couplers offer low insertion
loss, high directivity, low VSWR and
high power capability in a small,
surface mount package. They are
available in narrow- and ultra-
broad-bandwidths, making them
ideal for power amplifiers, antenna

Isolator

VidaRF offers 30 - 40 GHz Coaxial
Isolator Model VCI-300400 which
is a rugged body with S/Steel (K)
connectors, if required sealed and
painted to meet IP63 standards.
Operating temp -15 to +55 C. Other
frequencies and connector configu-
ration available per request.

VidaRF
vidarf.com

Waveform Generator

Keysight Technologies added a
92-GSa/s, 32-GHz modular instru-
ment to its portfolio of arbitrary
waveform generators. The new high-
speed, wide-bandwidth M8196A ar-
bitrary waveform generator allows
engineers to generate digital, multi-
level (e.g., PAM-4, PAM-8, DMT)
signal scenarios at 8 bits vertical
resolution and test their electri-
cal and optical links with complex
modulated signals up to 64 GBaud.

Keysight Technologies
keysight.com

Preferred

X

Power Products

A division of:

90" Hybrid Couplers to 1600 Watts

Freq y Power |A Phase Isolation | Insertion VSWR Model
(MHz) (watts) Balance Balance (dB) Loss max. Number
(xdB) (x Deg) min. (dB)
max. max. max.
50-110 500 0.5 15 23 0.2 1.15 PH90-50-110-R5N
1000 0.5 2 20 0.3 1.25 PH90-50-110-1KN
88-108 500 0.5 1.5 20 0.2 1.2 PH90-88-108-R5N
1000 0.5 15 20 0.25 1.15 PH90-88-108-1KN
100-500 500 0.8 3 18 0.3 1.3 PH90-100-500-R5N .
1000 | 08 2 20 03 1.25 | PH90-100-500-1KN Features:
200-400 500 0.5 2 23 0.2 1.2 PH90-200-400-R5N L]
1000 0.5 2 20 0.2 1.2 PH90-200-400-1KN
250-1000 250 0.6 2 20 0.4 1.2 PH90-250-1000-R25S
500 0.6 2 20 0.4 1.2 PH90-250-1000-R5N L]
400-1000 500 0.6 2 20 0.25 1.25 PH90-400-1000-R5N
1000 0.6 2 il 0.2 1.2 PH90-400-1000-1KN
800-1600 250 0.4 2 23 0.25 1.2 PH90-800-1600-R25S
500 0.5 2 20 0.2 1.25 PH90-800-1600-R5N
800-2500 250 0.6 4 20 0.4 1.25 PH90-800-2500-R25S o
800-4000 200 0.5 4 18 0.3 1.25 PH90-800-4000-R2S
1000-2000| 250 0.5 3 20 0.25 1.2 PH90-1000-2000-R25S
500 0.5 3 20 0.25 1.22 PH90-1000-2000-R5N -
2000-4000| 500 0.55 6 18 0.2 1.25 PH90-2000-4000-R5N
1600 0.55 6 18 0.2 1.25 PH90-2000-4000-1R5SC

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

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

MICROWAVE CORPORATION

Broadband Operation
= Excellent High Power Capability
Custom Frequency Ranges Available

= Low Insertion Loss/High Isolation

Applications:

Power Amp Combiner/Divider
= Antenna Feed Networks
Modulators & Mixers
Switches & Phase Shifters

Wide variety of connector configurations and
frequencies available. Call for quote.
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wn 100 Watt

from ea. qty. (1-9)

High-powered performance across wide frequency ranges.
Mini-Circuits’ class A/AB linear amplifiers have set a
standard for wideband high-power performance
throughout the RF and microwave industry. Rugged and
reliable, they feature over-voltage and over-temperature
protections and can withstand opens and shorts at the
output! Available with or without heat sinks, they're
perfect for demanding test lab environments and for
integrating directly into customer assemblies. With
standard models covering frequencies from 100 kHz
up to 26.5 GHz, chances are we have a solution for
your needs in stock. Place your order on minicircuits.
com today for delivery as soon as tomorrow! Need a
custom model? Give us a call and talk to our engineers
about your special requirements!

www.minicircuits.com P.0O. Box 350166, Brooklyn, NY 11235-0003

Model

NEW! ZVM-273HP+
ZVE-3W-83+
ZVE-3W-183+
ZHL-4W-422+
ZHL-5W-422+
ZHL-5W-2G+

ZHL-10W-2G+
® ZHL-16W-43+
© ZHL-20W-13+

© ZHL-20W-13SW+

LZY-22+

ZHL-30W-262+
ZHL-30W-252+

LZY-2+
LZY-1+
© ZHL-50W-52+

® ZHL-100W-52+

© ZHL-100W-GAN+
ZHL-100W-13+
ZHL-100W-352+
ZHL-100W-43+

AMPLIFIERS

W0 100 kHz t0 26.5 GHz

Frequency Gain
(MHz) (dB)

13000-26500 14.5
2000-8000 35
5900-18000 35

500-4200 25
500-4200 25
800-2000 45
800-2000 43
1800-4000 45
20-1000 50
20-1000 50
0.1-200 43
2300-2550 50
700-2500 50
500-1000 47
20-5612 42
50-500 50
50-500 50
20-500 42
800-1000 50

3000-3500 50
3500-4000 50

Pout @ Comp.  § Price*
1dB 3dB (Qty. 1-9)
w) (W)

0.5 0.5 2195
2 3 1295
2 3 1295
3 4 1160
3 5 1670
5 5 995

10 12 1295

12 16 1595

13 20 1395
13 20 1445
16 30 1495

20 32 1995

25 40 2995

32 38 2195

50 50 1995

63 63 1395

63 79 1995

79 100 2395

79 100 2195

100 100 3595
100 100 3595

Listed performance data typical, see minicircuits.com for more details.

® Protected under U.S. Patent 7,348,854
*Price Includes Heatsink

[ JMini-Circuits’

(718) 934-4500 sales@minicircuits.com
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P Amplifier Stability

Evaluating and Demonstrating
Odd Mode Amplifier Stability

By John E. Penn

Introduction:

Most Radio Frequency (RF) and microwave engineers know about amplifier stability but
may not understand odd mode stability. Computer Aided Design (CAD) tools have the standard
stability measures including the single stability parameter mu?, but these
represent “even” mode stability. Often this is sufficient for most amplifier
designs unless one is doing a balanced amplifier, or power amplifier, that
is, anything that has more than one device in parallel. The purpose of this
article is to explain odd mode stability and demonstrate it using the com-
mon RF CAD tools, Keysight’s Advanced Design System (ADS) and
National Instruments/Applied Wave Research’s (NI/AWR) Microwave
Office (MWO). Also, measured results are shown from an amplifier designed to demonstrate
even and odd mode stability.

Often, the best way to learn RF and Microwave amplifier design is to build and test an
actual circuit, not just perform a design based entirely on simulations. After all, a significant
portion of a typical engineer’s time is spent figuring out why something is not working as
expected. Simulations can only take one so far, actual measured performance is much more use-
ful.

Explaining odd mode
stability and
demonstrating it using
common CAD tools.

Hands-On Experience

Many Universities offer engineering courses with hands-on practical experience. Johns
Hopkins University’s (JHU) Engineering for Professionals (EP) offers several classes that
include hands-on practical experience. The author, John Penn, co-teaches one such class, RF &
Microwaves II, with Dr. Willie Thompson. Students design a low noise amplifier and a medium
power amplifier, then fabricate and test those circuits during one of the laboratory sessions.
These designs typically are single stage amplifiers using a single layer Rogers RO4003 dielec-
tric board, 0.06”x0.03” (0603) chip resistors, inductors, and capacitors, plus a Gallium Arsenide
(GaAs) Pseudomorphic High Electron Mobility Transistor (PHEMT) in a plastic package, e.g.,
Avago atf54143 or atf34143.

During the course, students learn the different tradeoffs of amplifier design—gain, noise
figure, output power, power efficiency, bandwidth, return loss, DC bias, and stability. Sometimes
those amplifier designs oscillate unintentionally. Learning how to distinguish the type of oscil-
lation, low frequency versus high frequency, and how to quell the oscillation is an important
part of the student’s experience of building and testing their designs. When those amplifier
designs do not work as expected, yet they are able to figure out and solve the problem—those
hard earned lessons make a strong impression.

Usual Solutions

For high frequency oscillations, maybe the tradeoff of gain versus stability was too aggres-
sive in the amplifier design which might be solved by modifying the stabilizing resistor values.
Conversely, for low frequency oscillations—a few MHz, providing the appropriate capacitors on
your DC bias flags is the likely solution. That 0603 100pf chip capacitor makes a nice RF short

22 High Frequency Electronics



Mini-Circuits’ New AVM-273HPK+ wideband microwave
MMIC amplifier supports applications from 13 to 26.5 GHz
with up to 0.5W output power, 13 dB gain, =1 dB gain
flatness and 58 dB isolation. The amplifier comes supplied
with a voltage sequencing and DC control module providing
reverse voltage protection in one tiny package to simplify your
circuit design. This model is an ideal buffer amplifier for P2P
radios, military EW and radar, DBS, VSAT and more!

The AVA-183A+ delivers 14 dB Gain with excellent gain flatness
(+1.0 dB) from 5 to 18 GHz, 38 dB isolation, and 19 dBm
power handling. It is unconditionally stable and an ideal

50 MHz 1026.5 GHz

MICROWAVE MMIC AMPLIFIE

S

PHA-1+

0.05-6 GHz ea. (qty. 20)
Gain 13.5dB
Pout 22dBm
AVA-183A+
5-18 GHz $ ega%ty 10)
Gain 14.0dB
Pout 19 dBm

New
AVM-273HPK+ $ay g 90)
13-26.5 GHz 3663. (qty. 10)
Gain 13.0dB
Pout 27dBm

LO driver amplifier. Internal DC blocks, bias tee, and
microwave coupling capacitor simplify external circuits,
minimizing your design time.

The PHA-1+ + uses E-PHEMT technology to offer ultra-high
dynamic range, low noise, and excellent IP3 performance,
making it ideal for LTE and TD-SCDMA. Good input and
output return loss across almost 7 octaves extend its use to
CATV, wireless LANs, and base station infrastructure.

We’ve got you covered! Visit minicircuits.com for full specs,
performance curves, and free datal These models are in stock
and ready to ship today! 9 Rots compliant

FREE X-Parameters-Based i
Non-Linear Simulation Models for ADS PN

http://www.modelithics.com/mvp/Mini-Circuits.asp

[ JMini-Circuits’

www.minicircuits.com P.0O. Box 350166, Brooklyn, NY 11235-0003

(718) 934-4500 sales@minicircuits.com
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RF Products

. - oy WP
Ducommun has more than
45 years of experience
with the design, testing and
manufacturing of coaxial
switches and integrated systems.

S) Ducommun

Coaxial Switch
+ 400 MHz to 8 GHz

- Low Insertion Loss

* High isolation

* For use in all Thermal Vacuum
Chambers

Manually Controlled
*DCto 18 GHz

+ Available in SPDT,
DPDT, Multi-throw

- Great for lab testing

Ultra Broadband
* SPDT to SP8T

- Isolation:
i. Reflective: 25dB min

ii. Absorptive: 40dB min | 1
&=
* Complete solid state . Lfﬁ
solution -

©0.05 MHz to 67 GHz

For additional information,
contact our sales team at

310.513.7256 or
rfsales@ducommun.com

Get info at www.HFelink.com
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Figure 1 ¢ Typical 2”’x2” Medium Power Amplifier Design Layout
(525.775).

circuit at microwave frequencies, a few GHz, but does not isolate the external
power supplies from the amplifier at a few MHz! The usual solution is multiple
parallel capacitors on the bias flag to provide a nice RF short circuit from a few
MHz to a few GHz. Usually, a 100pf 0603 chip capacitor in parallel with an
0.08”x0.05” (0805) 1uf chip capacitor solves the low frequency oscillation prob-
lem. Figure 1 shows a typical board layout with DC bias flags for gate and
drain supplies, SMA connectors for the RF input and output, a 4 pin SOT343
Avago 34143 PHEMT, chip capacitors, and a chip resistor for stability.

So, while many RF engineers understand stability, it is most often the even
mode stability that they are familiar with. Another type of oscillation in ampli-
fiers is odd mode oscillation, which does not occur in the single transistor
designs. As is probably the case with most RF courses, students build and test
single transistor amplifiers. Multi-stage amplifier stability and odd mode sta-
bility are not always covered in the basic RF courses. JHU students can take
Professor Dale Dawson’s Power MMIC Design course to learn about odd mode
oscillations, which can occur when you combine parallel transistors to increase
output power. That class also teaches about subtle bias dependent, or non-lin-
ear, stability, not just small signal linear stability.

As a means of analyzing and demonstrating odd mode oscillations in an
actual circuit, an amplifier was designed, built, and tested to illustrate this
phenomena. This amplifier has the potential to oscillate in an odd mode as well
as an even mode.

Predicting stable and non-stable operation with standard CAD tools, e.g.,
Keysight’'s ADS and NI/AWR’s MWO, is discussed with comparison to the
actual measured results. Figure 2 shows the layout of an amplifier using two
parallel Avago 54143 PHEMTsS, along with a series chip resistor to stabilize the
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Figure 2 ¢ 2" x 3" Odd Mode Power Amplifier Demo
Design Layout (525.775).

even mode, and a shunt chip resistor on the outputs of the
two transistors for stabilizing the odd mode.

Non-linear models, as well as linear s2p files, were
available for the Avago 54143 PHEMT, for both Keysight’s
ADS and NI/AWR’s MWO programs. One technique to
analyze odd mode oscillations uses a transient simulator
and requires non-linear models for the transistor. Another
odd mode analysis technique only requires a linear simu-
lator and linear models, or s2p files, of the transistors.
Both techniques are discussed in the course notes for
Professor Dawson’s Power MMIC Class?, and the stu-
dents do a homework exercise to illustrate the first tran-
sient technique. Both approaches will be explained.

..__.
EaE [

Figure 3 ¢ Odd Mode Power Amplifier Two-Way
Combiner Layout.

Odd Mode Oscillation

What is an odd mode oscillation? While the standard
even mode stability approach analyzes the stability of the
amplifier over any possible passive impedance applied to
the RF input and output, an odd mode oscillation would
occur if applying a short circuit applied at the microstrip
“tee” intersection where the two gates, or two drains, of
the PHEMTS in figure 2 causes an instability. The series
and/or shunt resistors to the left of the tee that splits the
input to the two PHEMTsS affects even mode stability but
will not affect odd mode stability. Conversely, the shunt
resistor connected to the drains of the two PHEMTSs has
no effect on the “normal” even mode operation of the
amplifier but can completely determine whether there
will be an odd mode oscillation in the design.
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Figure 4. MWO Schematic of Odd Mode Power Amplifier.

26 High Frequency Electronics




It would be possible to prevent odd mode oscillations by
making the upper branch and lower branch of the com-
bined amplifier sections unconditionally stable by using
series and/or shunt resistors on the gate of each PHEMT
“before” the two branches are connected. If each branch
were unconditionally stable, then the amplifier would be
stable, even with that “virtual” short circuit of the odd
mode. This demonstration amplifier was intentionally
designed such that changing the shunt resistor at the
drains of the PHEMT would cause a known odd mode
oscillation, or could damp out the odd mode oscillation.

Transient Odd Mode Analysis

One method to look at odd mode stability is to do a
transient analysis to determine if an oscillation will
build—bad, or damp out—good. This requires both a
transient simulator and a good non-linear model. For the
demonstration circuit I used the Avago 54143 PHEMT
since there was a non-linear model for both ADS and
MWO, as well as s2p files at various DC biases. Figure 3
shows the arrangement of the two parallel devices with a
shunt resistor at the drains for damping an odd mode
stability. If there is an odd mode stability problem, the
transient simulation should show a problem if there is no
resistor between the two PHEMT outputs.

Figure 4 shows the full schematic of the amplifier for
demonstrating odd mode oscillation as entered in
Microwave Office (MWO). Note the DC supplies which
are required for proper operation of the non-linear model,
as well as the addition of a simulation element to provide
an impulse spike at one of the PHEMT outputs. If the
circuit is stable, this impulse should attenuate, or damp
out. Conversely, if it is unstable, the odd mode oscillation
will build. Figure 5 shows the odd mode oscillation build-
ing when the odd mode stabilizing resistor is 5000Q.
Using the markers at two peaks predicts an oscillation
frequency of about 1.04GHz (period=0.96ns). Note that
the oscillation frequency is the odd mode oscillation fre-
quency of each transistor, which are 180 degrees out of
phase with each other. As will be shown in simulations
and measurements, the difference of these two signals
dominates the output which is at twice the frequency of
oscillation. The transient simulator predicts that the
impulse dampens out with a 100Q2 odd mode stabilizing
resistor (see figure 6).

Similar results are achieved with ADS using its tran-
sient simulator. Figure 7 shows the full schematic of the
amplifier for demonstrating odd mode oscillation in ADS.
Likewise figure 8 shows the odd mode oscillation with a
50002 odd mode resistor, with a frequency of oscillation
around 1.1 GHz. The sum of these two out of phase odd
mode oscillations appears as a 2.2 GHz (2X) oscillation
frequency at the combined output as shown in figure 9.
When a 100Q odd mode resistor is used, the oscillation
does not occur, as shown in figure 10. Convergence with
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Figure 5 ¢ Transient Simulation in MWO Schematic
with a 5000Q2 Odd Mode Resistor.

Figure 6 ¢ Transient Simulation in MWO Schematic
with a 100Q Odd Mode Resistor.
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Figure 9 ¢ 2X Frequency of Oscillation at Output
(Transient Simulation in ADS).

the transient simulator and a particular non-linear
model can be difficult. One may have to modify some of
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Figure 10 ¢ Transient Simulation in ADS Schematic
with a 1002 Odd Mode Resistor.

the simulation options in ADS or MWO to achieve a suc-
cessful transient simulation.
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Figure 11 ¢ MWO Schematic of Input and Output for Eigenvalue Calculation.
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Eigenvector Odd Mode Analysis

Another method with similar results to the transient
simulation only requires a linear model, or s2p files, of
the devices®. One only needs to simulate the portion of the
schematic where a virtual short circuit at the point of
symmetry of the 2-way combiner would cause an odd
mode oscillation. If the real portion is negative and the
phase is zero, oscillation can occur. This method may miss
some potential oscillations where the oscillation is depen-
dent on subtle non-linear operation of the device, but it
will yield useful results when either a non-linear model is
not available, or the transient simulator is not available,
or when the transient simulation fails to converge.

Figure 11 shows the MWO schematics of the parallel
combiner portion of the amplifier split into an input

Z11i = 2x54 FET Part1 Lambdaln:Z(1,1)
Z21i = 2x54 FET_Part1_Lambdaln:Z(2,1)
Z110 = 2x54 FET Part1_LambdaOut:Z(1,1)
Z210 = 2x54 FET Part1_LambdaOut:Z(2,1)

Loi = Z11i - Z21i
Loo = Z110 - 2210

Re2X = real(Loi - Loo)
Img2X = imag(Loi + Loo)

Figure 12 ¢ Equations to Calculate Odd Mode
Stability using the Eigenvalues in MWO.
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Figure 13 ¢ MWO Plot Showing Odd Mode
Oscillation with a 5000Q Resistor.

3yt L et oA =*\,..-u,:.w\;_»xu'_m_u,:_m»ﬁ.wmm

o 1 St Tee et Dvem Sk bored Soue S Oywedon Bugeios bup
1EH& AHIX P 48RP0 2 Rl BEN

oL WAN\2 e Y 2R

]
i

15
i

T~
SR 23 S N R

SR Bl Bl Al RN R R

¥

]

8" 3%
(SR SR 4 i

1208 4%

[P PPV —— (L R L

Figure 15 ¢ ADS Schematic of OQutput for Eigenvalue
Calculation (Z=stoz(S,1)).

(2x54_FET_Partl_Lambdaln) and an output portion
(2x54_FET_Partl_LambdaOut). The equations used to
calculate odd mode stability in MWO are shown in figure
12. When the phase is zero, and the real portion is nega-
tive, the odd mode oscillation condition exists. Results are
similar to the transient method, predicting an odd mode
oscillation around 1 GHz with a high odd mode resistor
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Figure 14 ¢« MWO Plot Showing Odd Mode Stability
with a 100Q Resistor.

value (fig. 13), while the odd mode is stable with a 100Q
resistor (fig. 14).

For ADS, the schematics are similar in terms of split-
ting an input and output portion of the parallel combined
amplifier to calculate eigenvalues. Figure 15 shows the
schematic of the output portion with an added block to
calculate Z-parameters (Z=stoz(S,1)). This conversion ele-
ment to get Z-parameters was included in both the input
and output amplifier halves ADS schematics. The rest of
the equations as shown in fig 16 were included in the
data display block within ADS. Comparable plots using
ADS showing odd mode oscillation at about 1.07 GHz
with a 5000Q resistor and a stable odd mode with a 100Q
resistor are shown in figures 17 and 18, respectively.
Measured Performance of Demonstration
Amplifier

The demonstration amplifier with two parallel 54143
PHEMTSs was fabricated on 20 mil Rogers RO4003 mate-
rial using 100pf chip capacitors for DC blocks and also for
use in parallel with 1uF chip capacitors to isolate the Vgg
and Vdd DC biases, plus a 20Q chip series resistor at the
input for even mode stability. Initially the odd mode resis-
tor on the drains of the PHEMTs was not added. As
expected the circuit oscillated as shown in the spectrum
analyzer plot of figure 19. You can see the oscillation fre-
quency of 1.3 GHz and its harmonics. The output of 2X
the oscillation frequency at 2.6 GHz is particularly
strong, as expected.

WijLambaln = Z(1,1) - £(2,1)

WliLambda_out= _2x54_ FET_Lay1_LambdaOut_v1..Z(1,1) - _2x54_FET_Lay1_LambdaOut_v1..2(2,1

L Re2X=50"real(Lambaln - Lambda_out)

20g]'mg2X=50"imag(Lambaln + Lambda_out

Figure 16 ¢ Equations to Calculate Odd Mode
Stability using the Eigenvalues in ADS.
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Figure 17 ¢ ADS Plot Showing Odd Mode Oscillation with a 5000Q
Resistor.

When a 100Q odd mode chip resistor was installed, the amplifier was sta-
ble. At that point, s-parameters were measured and compared to the linear
simulations (fig. 20). Note the good agreement once the amplifier is stabilized.
Typical amplifier simulations will not show an odd mode oscillation problem,
but it should be noted that the transient method can predict both even and odd
mode oscillations. One difference in the spectrum between even and odd mode
oscillations, is that an odd mode oscillation should have a very strong signal at
2X the oscillation frequency.
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Figure 18 ¢ ADS Plot Showing Odd Mode Stability with a 100Q
Resistor.
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Figure 19 ¢ Spectrum of Amplifier Showing Odd
Mode Oscillation (No Resistor).

Summary

An amplifier was designed, built, and tested to illus-
trate odd versus even mode oscillations. Also shown were
a couple of simulation techniques to predict odd mode
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Figure 20 ¢ Measured versus Simulations of Stable
Amplifier (100Q Shunt Resistor).

oscillations. These techniques were illustrated using com-
mon RF CAD tools, e.g., Keysight’'s ADS and NI/AWR’s
MWO. Common stability parameters such as “mu” ! only
illustrate even mode stability, which is sufficient for sin-
gle transistor amplifiers. But when one parallel combines
transistor devices, odd mode oscillations can occur due to
the “virtual” short circuit at the symmetry point of the
combiner. Transient simulations requiring non-linear
device models can be used to predict both even and odd
mode oscillations. A simpler technique is to look at the
eigenvalues which only requires a linear simulator and a
linear model, or s2p file, of the transistor. Of course this
may not catch subtle instabilities due to the non-lineari-
ties of the particular transistor. Both techniques were
useful in predicting the actual odd mode oscillations of
this demonstration amplifier design.
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P Mil/Aero Test

The Three Pain Points of the
Mil/Aero Test Engineer

By Reggie Rector

We all have our pains and struggles within our team or organization. Whether it’s the
junior engineer that couldn’t possibly be wrong about anything—ever; the dreaded consensus-
building meetings that do anything but; or a nearly impossible dead-
line—we all have them.

The life of the aerospace test engineer is no different. They may be
supporting depot-level test systems with 30-year old technology or racing
to be first to market with the latest and greatest radar technology, but
inevitably they have their share of challenges to tackle.

While unloading all our pains and struggles may be therapeutically
beneficial, this article will focus on overcoming the challenges of the aerospace test engineer
that have the biggest impact on the organization’s success and, in concert, their own career
growth.

Overcoming the
challenges of the
aerospace test
engineer.

Legacy Test Program Set Support

The first, and most obvious, challenge the average test engineer faces is the need to sup-
port legacy Test Program Sets (TPSs). Commercial and military aerospace programs are
extending well beyond their intended lifecycles, and support teams must carry these fleets
forward into the next wave of technology lifecycles. When looking to upgrade a test system (or
subsystem) for one of these programs, test engineers cannot only consider the technology
insertion; they must also consider the hundreds or thousands of TPSs that have been devel-
oped for the system and the ripple-effect that technology insertion will inevitably have on the
program as a whole.

The most motivating and technologically savvy approach is for the test engineer to devel-
op a completely new test system with exciting new instruments, instrumentation test adapt-
ers (ITAs), and fixtures while rehosting as many legacy TPSs as possible. Unfortunately, these
test engineers ultimately have to answer to a budget and usually end up refurbishing existing
test systems to replace the obsolete pieces through planned maintenance.

Let’s take the example of refurbishing an existing system by replacing an obsolete oscil-
loscope with the objective of minimizing TPS migration costs. Sounds simple, right? On the
surface, the test engineer’s job sounds relatively straightforward: find an oscilloscope that can
perform as well as, if not better than, the existing scope in the system. After all, most scopes
in 2015 are going to pale in comparison to the dinosaurs that were designed into the system
10, 15, or 20 years ago.

The first bump in the road is form-factor. The new instrument needs to take up the same
or less space in the 19-inch rack so as not to warrant a reconfiguration of the rack layout.
Because there is a significant amount of system-level documentation, changing the layout of
the rack will introduce a massive amount of documentation changes (not to mention any pos-
sible signal integrity issues with changing cable lengths to the mass interconnect). This form-
factor challenge is one of the many reasons that modular platforms like PXI (and formerly
VXI) have dominated the Aerospace/Defense ATE market for the last 30 years. By following
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USB &
Ethernet

Programmable

ATTENUATORS

New Models
up to 120 dB!

0-30,60,90, 110&120dB 0.25dB Step 1MHzto 6 GHz* from$3 9 5

Mini-Circuits’ new programmable attenuators offer
precise attenuation from 0 up to 120 dB, supporting
even more applications and greater sensitivity level
measurements! Now available in models with maximum
attenuation of 30, 60, 90, 110, and 120 dB with 0.25 dB
attenuation steps, they provide the widest range of level
control in the industry with accurate, repeatable
performance for a variety of applications including
fading simulators, handover system evaluation,
automated test equipment and more!  Our unique
designs maintain linear attenuation change per dB over

Models Attenuation Attenuation
Range Accuracy
RUDAT-6000-30 0-30 dB +0.4 dB
RCDAT-6000-30 0-30 dB +0.4 dB
RUDAT-6000-60 0-60 dB +0.3 dB
RCDAT-6000-60 0-60 dB +0.3 dB
RUDAT-6000-90 0-90 dB +0.4 dB
RCDAT-6000-90 0-90 dB +0.4 dB
NEW RUDAT-6000-110  0-110dB +0.45 dB
NEW RCDAT-6000-110  0-110dB +0.45 dB
NEW RUDAT-4000-120  0-120 dB +0.5dB
NEw RCDAT-4000-120  0-120 dB +0.5dB

*120 dB models specified from 1-4000 MHz.

the entire range of attenuation settings, while USB,
Ethernet and RS232 control options allow setup flexibility
and easy remote test management. Supplied with
user-friendly GUI control software, DLLs for
programmerst and everything you need for immediate
use right out of the box, Mini-Circuits programmable
attenuators offer a wide range of solutions to meet
your needs and fit your budget. Visit minicircuits.com
for detailed performance specs, great prices, and off
the shelf availability. Place your order today for delivery

as soon as tomorrow! O RoHS compliant
Step USB Ethernet RS232  Price
Size  Control Control Control Qty. 1-9
0.25 dB v - v $395
0.25 dB v v - $495
0.25 dB v - v $625
0.25 dB v v - $725
0.25 dB v - v $695
0.25dB v v - $795
0.25dB v - v $895
0.25dB v v - $995
0.25dB v - v $895
0.25dB v v - $995

tNo drivers required. DLL objects provided for 32/64-bit Windows® and Linux® environments using ActiveX® and .NET® frameworks.

[ JMini-Circuits’

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

(718) 934-4500 sales@minicircuits.com
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Hardware Abstraction Layer
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Hardware Abstraction Layers (HALs) significantly mitigate the impact of hardware obsolescence, but are
difficult to justify in the absence of a long-term support strategy.

the strict guidelines of the PXI specification, a scope
from vendor A will be the same size and utilize the same
backplane power as vendor B, giving test engineers an
easier upgrade path for their systems.

HAL Integration

The second hurdle in the road is hardware abstrac-
tion layer (HAL) integration. Any test system that is
expected to last for five to 10+years will inevitably have
planned maintenance and operational costs. These are
significantly reduced by abstracting vendor-specific
hardware and drivers into a HAL or measurement
abstraction layer (MAL). The test engineer is also

tasked with evaluating the driver stack of the new
instruments to ensure they plug into the HAL to miti-
gate the risk when migrating the thousands of TPSs still
to come. Many HALs utilize the IVI driver class where
possible and supplement with Plug-and-Play drivers.
Since this example is an oscilloscope, we’ll make a blan-
ket claim that the test engineer has it “easy” and gets a
pass on software because there is an existing IVI class
specified for oscilloscopes.

A third and often hidden hurdle is the answer to the
question: is better really better? The specifications of
this new oscilloscope are multiple generations of tech-
nology ahead of the obsolete equipment, so where’s the

Narda and MITEQ. Two Established
Pioneers. One New Standard of
Excellence.

L-3 Narda-MITEQ combines more than 60 years
of innovation and expertise in microwave and
RF technology to deliver performance and
packaging solutions not considered possible in
the past. We provide everything from design to
production and are ready to meet your most
challenging requirements. When your next
project demands a highly specialized approach,
count on L-3 Narda-MITEQ - your best new
resource for responsive custom engineering.

Learn more about all we have to offer by
visiting us at nardamiteq.com, or call us at
(631) 231-1700.

n ﬂﬂ L-3com.com

Narda-MITEQ

Get info at www.HFelink.com
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Make the Connection

Find the simple way through complex
EM systems with CST STUDIO SUITE

Components don’t exist in electromagnetic
isolation. They influence their neighbors’
performance. They are affected by the
enclosure or structure around them. They
are susceptible to outside influences.
With System Assembly and Modeling,
CST STUDIO SUITE

component and system performance.

helps optimize

Involved in antenna development? You
can read about how CST technology is
used to simulate antenna performance at

If you’re more interested in filters, couplers,
planar and multilayer structures, we've a
wide variety of worked application examples
live on our website at

Get the big picture of what’s really going
on. Ensure your product and components
perform in the toughest of environments.

Choose CST STUDIO SUITE -
Complete Technology for 3D EM.

CST
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Legacy Instrument

doesn’t exist and requires weeks or
months of manual effort to identify.

SDI Approach

In order to minimize the unknown
risks of TPS rehosting, many test engi-
neers are taking advantage of soft-

ware-designed instruments (SDIs) to
give more flexibility in the rehosting
process. Software-designed (also

MNew Box Instrument

known as synthetic) instruments com-
bine core analog and digital front-end
technology with powerful, user-pro-

Software-Defined Instrument

grammable FGPAs to provide the most
flexible instruments on the market. If
we apply the SDI approach to the oscil-
loscope challenges above, the test engi-
neer (or TPS developer) can easily
implement custom trigger functional-
ity on the FPGA of the SDI to emulate

legacy trigger technology. Some go

While difficult to accomplish, emulating legacy instrument capa-
bilities greatly reduces the risk of TPS migration issues. Software-
Designed, or Synthetic Instruments, offer a unique approach to test

equipment emulation.

issue? The issue comes when, for example, you insert
this new oscilloscope into the system and the rise time
or settling time measurements change significantly
because you're sampling at three, five, or 10 times the
rate of the previous instrument, which results in dozens
of incompatible TPSs that previously provided great
system utilization. Another issue arises when legacy
TPSs require trigger functionality that instrument ven-
dors made obsolete years or decades prior. In this situa-
tion, the test engineer is challenged with looking across
the entire database to identify which TPSs will be bro-
ken by inserting a new instrument that does not support
the legacy trigger functionality—a database which often

further and use digital signal process-
ing to emulate the analog performance
of the legacy instrument’s analog-to-
digital converter technology.

Rapid RF Evolution

On the other side of the spectrum (literally and figu-
ratively) is the challenge of keeping pace with the rapid
evolution of RF technologies engineered into radars,
signal intelligence systems, communications equipment,
and other line-replaceable units (LRUs). This rapid pace
of innovation keeps test engineers on their toes in terms
of building scalable architectures that can not only test
the technologies of today, but scale to support the next
"wave” of RF capabilities.

Historically, most high-mix test systems in aero-
space/defense haven’t included RF ATE subsystems as
part of the core configuration due to the cost/benefit
analysis of adding high-performance (high-price) RF

) -
200 MHz

00
50 MHz

The evolution of NI vector signal analyzer bandwidth is one example of how aerospace ATE systems can
scale to support the latest radar, communications, and signal intelligence systems.
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Bolt-on RF
Sub-System

Core ATE
System

To illustrate the complex-
ity facing the test engineer,
let’s use an example of a test
system for a direction-find-
ing, multi-antenna radar
subsystem. In the manufac-
turing environment, it’s rea-
sonable to assume that each
antenna will be tested seri-
ally using a high-perfor-
mance signal source and a
wide-band vector signal ana-
lyzer, along with some high-
speed serial communication
for controlling the UUT.
Saying this is easy would be
a massive overgeneraliza-
tion, but when you compare
this to the capabilities of the
maintenance test system, it
sounds like a walk in the

Core ATE System
with RF Expansion

Traditional ATE systems commonly used the “bolt-on” RF sub-system strat-
egy due to the cost of RF equipment. As RF technology becomes more
prevalent in LRUs and RF test equipment costs come down, we’ll see RF test
equipment become integrated into the core system.

test equipment to cover a small set of LRUs. The asset
utilization simply couldn’t justify the expense. As the
number of RF-capable LRUs increases and RF instru-
mentation becomes more cost effective, it’s becoming
more common for RF equipment to be part of core high-
mix test system configurations.

park. So whose job is it to
develop that complex test
system for planned mainte-
nance and field defective
units? That’s right—the test
engineer.

Emulating the Real World

When performing maintenance tests or analyzing a
returned unit from the field, your test cases are far more
inclusive than the “did we build it right” manufacturing
test case. You will need to emulate the real-world envi-
ronment with highly synchronized signal sources includ-

MNew Product Introduction
(NP} Process

(A)

Validate
Produce

L)
w2
=
» W
=
=
L

(NTSI) Process

MewTest Systemn Introduction

MNew Product Introduction
(MPl) Process

(B)

=
ol
=
m
-
-

MNew Test System Introduction
{NTSI) Process

There are inefficient and costly flaws with the traditional approach of engaging test engineering late in
the NPI process. Engaging earlier in the design cycle can lead to faster time-to-market, lower manufac-

turing cost, and improved yield.
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ing closed-loop control between the sources and analyz-
ers to stress the DSP engine and measure the phase-
coherency of the system. To address the synchronization
and data transfer challenges, test engineers need to look
beyond traditional boxed instrumentation to a platform-
based approach such as PXI. To emulate the real-world
environment with closed-loop control, engineers need
flexible RF instrumentation architecture that combines
data streaming architectures, FPGA-based signal pro-

cessing, and high-performance, high-instantaneous
bandwidth RF front-end technology to capture and pro-
cess the incoming pulses.

It’s also no secret that operational costs are high
when sending units back to the intermediate- (I-) or
depot- (D-) Level centers for maintenance or repair. As
RF test equipment becomes easier to adopt in field test,
these operational costs greatly improve. Not only does
the organization benefit from the decrease in opera-
tional cost, but they can get better IP

"
1C1ERF

for complex connections

Isolators / Circulators DirectionéI/Hybrid Couplers: Power Dividers

RF Cable Assemblies Connectors Adapters

Get info at www.HFelink.com
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Whatever Your Requirement.....
VidaRF Offers a Solution.

1-877-777-vida (8432)

sales@vidaRF.com

RF Components that can be
built to your specifications and
delivered quickly... high quality
at a competitive price point.

leverage between the depot and field
testers for in-situ troubleshooting and
diagnostics.

As you can imagine, the RF chal-
lenges of scalability, synchronization,
and latency create complex system-
level test architectures for the test
engineer and are quite different than
replacing the legacy oscilloscope and
mitigating TPS rehosting costs, though
both technology elements are great
opportunities for the test engineer to
provide significant value to the organi-
zation.

Increasing Sphere-of-Influence to
Reduce the Cost of Test

A third, and maybe more subtle,
pain point for test engineers is justify-
ing short-term spend to mitigate long-
term operational costs. Market pres-
sures are as high as they have ever
been, so test engineers are opting for
point-solutions that neither provide
the scalability for evolving technology
demands nor have an architecture that
simplifies maintenance for future
upgradeability.

Furthering this problem is the fact
that this short-term spend may not
actually come directly from the test
engineering budget. Looking upstream,
we all know how difficult it can be to
get a design engineer to modify a
design once it meets the design specifi-
cations, but organizations can see sig-
nificant improvements to their bottom
line by engaging the test engineering
group early as part of a Design For
Test (DFT) or Design for
Manufacturability (DFM) strategy.
When yields improve and asset utiliza-
tion increases, these optimizations typ-
ically go directly to the gross margin of
the product.
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ATC
Series

Attributes

*550Z, 550 L, and 550 S are
orientation insensitive.

e Surface Mount EIA Case Sizes
¢ 16 KHz to 40+ GHz Coverage

e Ultra-Low Insertion Loss
¢ Voltage Ratings to 50 WVDC

EIA
Size

Capacitance

Frequency
Range

e Orientation Insensitive*
¢ One-Piece Ceramic Construction

e Unit-to-Unit Performance
Repeatablity

Insertion
Loss

ATC'’s 550 Series family of Ultra-Broadband Capacitors exhibit ultra-low insertion loss and flat frequency
response from 16 KHz through 40+ GHz with excellent return loss and voltage ratings to 50 WVDC. They

are ideal for use in ultra-broadband DC blocking, coupling, and bypassing for optoelectronics / high speed
data, SONET, broadband test equipment and broadband microwave / millimeter-wave based applications.
The 550 Series is orientation insensitive* for ease of high speed automated placement.

s

Voltage
Rating

Orientation
Insensitive

5502

0201 10 nF

160 KHz to 40+ GHz

<0.4 dB typ.

10 WVDC

Yes

550 U

0301 100 nF

16 KHz to 40+ GHz

<0.4 dB typ.

6.3 WVDC

No

550 L

0402 100 nF

16 KHz to 40+ GHz

<0.5 dB typ.

16 WVDC

Yes

550 S

0603 100 nF

16 KHz to 40+ GHz

<1 dB typ.

50 WVDC

Yes
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ATC North America
sales@atceramics.com
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ATC Europe
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ATC Asia

THE ENGINEERS’ CHOICE®

www.atceramics.com

e
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Develop and Deploy

Cost

Upgrade and Maintain
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pX|-Based Approach

Tima

Many organizations have different business units for the develop/deploy and support/maintain costs of a
test system. Test engineers can greatly impact the operational costs of supporting a system, but must
expand their influence beyond their own organization to understand and implement solutions to miti-
gate the long-term costs of supporting an ATE system.

Beyond DFM, it’s also critical that the test engineers
be involved early in the new product introduction (NPI)
process. By actively engaging in every stage-gate of NPI,
the test engineer can be developing product-specific test
code along the way and collaborating with validation
engineers on automated code modules to simplify the
validation and ease the transition into production. This
is actually a process that NI went through in the early
2000’s as we released 200+ products a year with
increased complexity per generation. By bringing test
engineering to the conversation early, we saw over 40%
reductions in release to manufacturing (RTM) time,
which directly shortened our time-to-market.

If we look downstream, the test engineering budgets
and the operations budgets are often decoupled, so the
test engineering organization is not inherently incentiv-
ized to architect the system in a way that minimizes
long-term operational costs.
This is where siloed organiza-
tions struggle and strong com-
municators differentiate. At the
heart of these negotiations and
tradeoffs is the inherent knowl-
edge of the test engineer about
the suite of UUTSs supported, the
stability of the test system, and
the areas to optimize or improve.
While it can be painful for the
test engineer, expanding their
sphere-of-influence to the entire

44 High Frequency Electronics

design-cycle makes them a truly valuable asset to the
organization.

While the challenges of obsolescence management,
rapidly evolving RF requirements, and influencing DFM
are by no means all-encompassing, these challenges rep-
resent tremendous opportunity for the test engineer to
impact the bottom line of the organization and showcase
the value the test engineering team can deliver.

About the Author:

Reggie Rector is a Senior Product Manager for PXI
and ATE Systems at NI with a special focus on Aerospace
ATE. His job functions include product management
and lifecycle planning, inbound product definition, and
market development for PXI-based ATE systems. He
holds a Bachelor of Science degree in Biological Systems
Engineering from the University of Nebraska-Lincoln.
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Connectors, Components
& Adapters

Connectors

* SMA, TNC, Type N, 2.92mm, 2.4mm, ZMA, BNC
* Nominal Impedence: 50 ohms

» Frequency Range: DC - 50 GHz

* Interfaces: IAW M39012

* Meet Requirement of M39012

« Environmental Standards per MIL-STD-202

Resistive Components

* Attenuators / Terminations

* SMA, TNC, Type N, 2.92mm, 2.4mm

* Nominal Impedence: 50 ohms

» Frequency Range: DC - 50 GHz

* Interfaces: IAW M39012

» Meet Requirement of M3933 / M39030

» Environmental Standards per MIL-STD-202

Adapters

* SMA, TNC, Type N, 2.92mm, 2.4mm, ZMA, BNC
* Nominal Impedence: 50 ohms

» Frequency Range: DC - 50 GHz

* Interfaces: IAW M39012

* Meet Requirement of M55339

» Environmental Standards per MIL-STD-202

SV Microwave offers the most comprehensive line of standard and QPL (Mil Approved)
coaxial Connectors, Components and Adapters in the industry. Microwave Components,
Inc. has been delivering SV precision parts from stock for more than a decade!!!

Call us today and put our experience to work for you...

VISA MI CROWAVE

@Q:;";_ SO O N : - IS0 9001:2000

%L = = T CERTIFIED
Phone: (888) 591-4455 or (772) 286-4455 Fax: (772) 286-4496 —_—

E E-mail: admin@ microwavecomponentsine.com

_E Web Site: www.microwavecomponenisine.com
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ADC

Richardson RFPD, Inc. announced availability and
full design support capabilities for a new dual, 14-bit, 500
MSPS analog-to-digital converter from Analog Devices.
The AD9684 includes an on-chip buffer and a sample-and-
hold circuit designed for low power, small size, and ease of
use. The ADC is specifically designed for sampling wide
bandwidth analog signals. It is optimized for wide input
bandwidth, a high sampling rate, excellent linearity, and
low power in a small package.

Richardson RFPD
richardsonrfpd.com

RF Coaxial Switch

Ducommun’s model N9-449C49FRV is a SP9T RF
coaxial switch for vacuum applications, covering 400 MHz
to 8000 MHz with 10 watts CW of power handling capa-
bility. It operates from 21.0 Vdc to 31.0 Vdc at extreme
temperatures of -30°C to +71°C. It is latching type with
set/reset functions and equipped with telemetry circuitry.
Features: Multiple output RF transmission lines; low
insertion loss; high isolation. Applications: satellite test-
ing systems.

Ducommun
ducommun.com

Microwave Substrates

CuFlon has documented performance up to 18 GHz
with a 2.056dk and .00045 loss tangent. Over the years
there has been considerable work with third party testing
of Teflon (PTFE) in the millimeter wave frequency spec-
trum. One such study performed in 1959 by NASA in the
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E Band region reveals a dk of 2.06 and loss tangent of
.00022 from 60 to 90GHz. CuFlon has proven perfor-
mance in high frequency and high power applications.

Polyflon
polyflon.com



“MMIC AMPLIFIERS

Industry-Leading...from 50 MHz to 26.5 GHz
PGA-103+ GVA-91 +

0.05 to 4 GHz 869 to 21 70 MHZ

cauEEEE LS
Y i ,mﬂr”"

3 ea. (qty. 1000)

1 ea. (qty.1000)

High Dynamic Range High Power, 1TW
v/ Low Noise, 0.9 dB v/ P1dB up to +29 dBm
v P1dB, +22.5 dBm v OIP3 up to +43.4 dBm
v/ High OIP3, +45 dBm v High Gain, up to 20.4 dB
v/ Gain, 11 dB v/ Power Added Efficiency up to 47%
v Low Power Consumption, +5V, 97mA v Noise figure as low as 4.2 dB

AVM-27 3HPK +

13 to 26.5 GHz

T55-53LNB +

0.5 to 5 GHz

1 ea. (qty. 1000)

Low Noise, Bypass Switching Wideband Microwave, 0.5W
v/ Low Noise, 1.4 dB in Thru Mode v P1dB up to +26 dBm at 26 GHz
v High Gain, 21.7 dB v OIP3 up to +33 dBm
v/ Gain Flatness, +0.7 dB* v/ Gain, 13 dB
v Bypass Mode v/ Excellent Directivity, 43 dB

P1dB up to +33 dBm
OIP3 up to +48 dBm
*0.7to 2.1 GHz

v/ Voltage Sequencing Module Included

Visit minicircuits.com for detailed specs, performance data, free S-Parameters and off the shelf availability!
Place your order today for delivery as soon as tomorrow!

- - - - ®
[ JMini-Circuits
www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
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VNA with Extender

The R&S ZVA high end vector network analyzers and
R&S ZVAX-TRM extension unit offer an efficient and
highly flexible solution for characterizing active compo-
nents. Using a combination of a high-end R&S ZVA and
the R&S ZVAX-TRM, users can now measure the noise
figures of amplifiers, converters and transmit/receive
(T/R) modules for radar and satellite applications. The
new options make it possible to carry out this measure-
ment on amps with gain of only 10 dB and low noise fig-
ures down to the 1 dB range.

Rohde & Schwarz
rohde-schwarz.com

X-Band Downconverter

Norden Millimeter continues to expand its standard
and custom product lines of frequency converters. Norden
Millimeter provides frequency converters and frequency
multipliers from 500 MHz to 110 GHz. Pictured are X
Band Down-converters which include an Image Reject
Mixer with Integrated Preamplifier. The units are phase
matched over their operating temperature.

Norden Millimeter
nordengroup.com

YTOs Cover 8 to 16 MHz

Micro Lambda Wireless announced the production
release of TO-8 YIG-Tuned oscillators covering the fre-
quency range from 8 to 16 GHz. This new model is only .5”
tall and perfect for next-generation products that use
plug-in technology. The standard model operates over the
0 to +65 C temperature range, but military versions cov-
ering -40 to +85C are available on special order.
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Applications include Test Instruments, Wide Band
Receivers, Telecom, Satcom and a variety of defense appli-
cations.

Micro Lambda Wireless
microlambdawireless.com
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Amplifiers

Attenuators - Variable

DLVA & ERDLVA &
SDLVA’s

DTO’s & Frequency
Synthesizers

Filters

Form, Fit & Function
Products

IFM’s & Frequency
Discriminators

Integrated MIC/MMIC
Modules

I/Q Vector Modulators
Limiters & Detectors
Log Amplifiers

Pulse & Bi-Phase
Modulators

Phase Shifters

Rack & Chassis Mount
Products

Receiver Front Ends &
Transceivers

Single Sideband
Modulators

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

USB Products

Planar Monolithics Industries, Inc.

Offering State-Of-The-Art RF and Microwave Components
& Integrated Assemblies From DC to 40GHz

“mmW FILTER TECHNOLOGY

18GHz to 40GHz

DIPLEXER
PMI MODEL No: DPX-18G26R5G40G

# INSERTION LOSS
= VSWR

2.0dB
2.5:1

« K BAND PASSBAND
# Ka BAND PASSBAND
+ K BAND REJECTION

= Ka BAND REJECTION

18GHz Min., 25GHz Max
28GHz Min., 40GHz Max
32 to 46GHz, >60dBc¢
DC to 22GHz, >60dBc

* SIZE 0.80” X 0.60” X 0.38”

18GHz to 26.5GHz

HIGH PASS FILTER
PMI MODEL No: HPF18G-DC15G

o

* INSERTION LOSS 1.5dB

« PASSBAND 18 to 26.5GHz

®= VSWR in PASSBAND 2.0:1

&« REJECTION DC to 15GHz, >60dBc
* SIZE 0.64” X 0.58” X 0.38”

DC to 26.5GHz

LOW PASS FILTER
PMI MODEL No: LPF26R5-28R5G40G

# INSERTION LOSS 1.5dB

« PASSBAND DC to 26.5GHz

=« VSWR in PASSBAND 2.2:1

= RIPPLE +/-0.75dB Max

= REJECTION 28.5 to 40GHz, >25dB¢
* SIZE 0.45” X 0.38” X 0.50”

West Coast Operation:
4921 Robert J. Mathews Pkwy, Suite 1
El Dorado Hills, CA 95762 USA
Tel: 916-542-1401 Fax: 916-265-2597
1S09001:2008 REGISTERED
Email: sales@pmi-rf.com
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East Coast Operation:
7311-F Grove Road
Frederick, MD 21704 USA
Tel: 301-662-5019  Fax: 301-662-1731
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P Product Highlights

Harmonic Mixers and Horns

OML offers harmonic mixers and standard gain horn
antennas (+24 dBi) ranging from 18 GHz to 325 GHz. We
also offer a package for testing compliance according to
FCC Part 15 regulations on transmitters operating in the
10 GHz to 100 GHz spectrum. This solution is compatible
with most spectrum analyzers offering optional external
mixer capabilities.

Spectrum Monitor

Anritsu introduced its Remote Spectrum Monitor, a
platform of modular and scalable products that helps
operators generate a greater return on their investments
and maximize network capacity to meet consumer
demand. Designed without a display or keyboard, Remote
Spectrum Monitor automates the method of conducting
radio surveillance, interference detection, and govern-
ment spectrum policy enforcement while delivering flexi-

OML ey . .

omlinc.com bilities and cost efficiencies to network management.
Anritsu
anritsu.com

Signal Source

SignalCore’s high performance 20 GHz VCO-based
synthesized signal source is cost effective, compact and
designed for seamless integration. With frequency span-
ning 100 MHz to 20 GHz (1 Hz resolution), low phase
noise of -118 dBc/Hz at 10kHz offset @ 10 GHz carrier,
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and amplitude step resolution of 0.01 dB over a -30 dBm
to +7 dBm output range, this product is ideal for R&D,
academic, military and commercial applications.

SignalCore
signalcore.com



GREAT SERVICE 31531' EXPENSIVE...
.IT’S 531&11355.

4

STANDARD CUSTOM DESIGNS

REECOMM

TECHNOLOGIES, INC. . Mission Critical Communications:
- Security, Safety and Intelligence
= = ” - Commercial Telecom Infrastructure
- Military Defense Fixed, Mobile & Shipboard

« Instrumentation:
-Test and Measurement

RF Relay Store.com is the answer to your urgent small quantity needs. |

i from www.rirelaystore.com
sales@relcommtech.com  www.relcommiech.com = 410-749-4488

Get info at www.HFelink.com
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LPA-7-24 B

(ol

I o o S
N 2

11153701

RF Bay, Inc.

RF Amplifier

LPA-7-24 is a general purpose RF amplifier, designed
for 100-7000 MHz wideband driver applications. With 24
- 27dB gain and +/-1.5dB gain flatness, LPA-7-24 is suit-
able for variety of RF signal applications. Measured at
1.25” x 1.25” x 0.625”, the unit can be powered with 10V
to 15V DC power supply and drawing 130mA current.

RF Bay
rfbayinc.com

Epoxy System

Developed for a variety of bonding, sealing, potting
and encapsulation applications, Master Bond EP3RR-80
is a one component epoxy that offers user friendly han-
dling. It has a moderate viscosity, good flow properties
and an unlimited working life at ambient temperatures.
Additionally, this system can be stored at 40-50°F and
does not require freezing. Unlike typical one part epoxies,
EP3RR-80 will cure in 45-50 minutes at 80°C (175°F), or
in 25-30 minutes at 250°F.

Master Bond
masterbond.com

LNA

Model SBL-7138632040-1212-E1 is a low noise ampli-
fier with a typical small signal gain of 20 dB and a nomi-
nal noise figure of 4 dB in the frequency range of 71 to 86
GHz. The DC power requirement is +6 to +12 VDC/30 mA.
The input and output port configurations are both WR-12
waveguides with UG387/U flanges. The mechanical con-
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figuration of the amplifier is an inline structure, which
allows convenient system insertion.

SAGE Millimeter
sagemillimeter.com
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Couplers

VidaRF offers a wide selection of Directional Couplers,
Dual Directional Couplers and Hybrid Couplers, designed
to cover 0.1 GHz to 20 GHz. Average power from 50W to
1kW. Standard coupling values 3,6,10,15,20,25 and 30 dB.
Standard Connector type: SMA female, other connectors
available upon request. VidaRF is a North Carolina based
company that is focused on being a solutions provider.

VidaRF
vidarf.com

Controller/Sequencer

Richardson RFPD announced availability and full
design support for a new gallium nitride bias controller/
sequencer module from M/A-COM Technology Solutions.
The MABC-001000-DP00OL provides proper gate voltage
and pulsed drain voltage biasing for a device under test
(DUT). The bias controller module offers protection and
dynamic control of all MACOM high-power transistors,
including its GaN portfolio.

Richardson RFPD
richardsonrfpd.com

Power Dividers

P1dB introduced 2-Way and 4-Way SMA power divid-
ers operating from 2 to 6 GHz. The new RF power dividers
operate across the full frequency band and are optimized
for the 2.4 and 5 GHz Wi-Fi bands with increased isola-
tion and improved insertion loss. The SMA dividers meet

the demands of production test systems for routers, cell
phones, tablets and other Wi-Fi enabled products. They
are in-stock and can ship immediately.

P1dB
pldb.com
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Trigger In

Trigger Out

Power Sensor Includes Internal and External Triggering

LadyBug’s LB5900 Series USB RF Power Sensors now
include internal and external triggering at no upcharge.
The state of the art high accuracy, high sensitivity True
RMS Average power sensor products are ideal for making
measurements on signals with wide bandwidth modula-
tion including all modern communication formats.

The LB5900 series sensors are available with fre-
quency coverage from 9 kHz to 40 GHz and offer excellent

dynamic range. Optional features including unattended
operation (Option UOP), direct connection through I2C or
SPI and security options (Option MIL) are available.

The sensor features superior programmatic control
using SCPI instructions through either USB HID or
USBTMC protocol.

LadyBug Technologies
ladybug-tech.com

Filter

Mini-Circuits’ ZLPF-120+ connectorized low pass fil-
ter provides a pass band from DC to 120 MHz, supporting
applications including military communications, mobile
satellite, auxiliary broadcasting, and more. It achieves 2.5
dB pass band insertion loss, and 30 dB stop band rejec-
tion. It provides fast roll off and excellent selectivity with
the 3 dB cut off point at 121 MHz and 30 dB rejection at
125 MHz.

Mini-Circuits
minicircuits.com
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Transceiver

Keysight announced the VXT PXle vector transceiver,
a fully calibrated instrument module that provides vector
signal generation and analysis in four slots. With acceler-
ated measurements and deep software, VXT is ideal for
rapid solution creation and faster throughput in manu-
facturing test of wireless components and IOT devices.
Test solutions for power amplifiers and front-end modules
are easily created using the VXT’s ready-to-run software
and FPGA-accelerated measurements.

Keysight Technologies
keysight.com
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Frequency Multiplier

Model SFA-713863410-12KF-S1 is an Active X4 Frequency Multiplier. It
takes an input frequency of 17.75 to 21.5 GHz and a typical input power of +5
dBm and yields an output frequency of 71 to 86 GHz, and the nominal output
power of +10 dBm. It also has a typical harmonic suppression of 20 dB. The DC
power requirement for the multiplier is +8 VDC/240 mA. Input port configura-
tion is a female K connector and the output port configuration is a WR-12

waveguide with a UG-387/U flange.

SAGE Millimeter
sagemillimeter.com

Switch

Richardson RFPD announced
availability and full design support for
a new dual differential, single pole
double throw RF switch from Peregrine
Semiconductor. The PE42920 DDSPDT
RF switch is a broadband (10 kHz—6
GHz) and low loss device that enables
the switching of two independent dif-
ferential signals. This device consumes
less power than active differential
switches. It has high isolation between
same-channel inputs, as well as oppo-
site active channels.

Richardson RFPD
richardsonrfpd.com

Cables

W. L. Gore & Associates (Gore)
introduced GORE® Aerospace Fiber
Optic Cables to meet the civil aero-
space industry’s need for reliable high-
speed data transmission cables in a
durable, lightweight construction.

Gore
gore.com

PROTECT

Ka BAND.
COMMUNICATIONS
AND DATAWITH ¢

THE Ka SHIELD

The Ka Band is hot! New Ka Shield rack enclosures provide serious
protection for EMI/RFI signal intrusions or leakage with sensitive equipment from
RF to the microwave Ka Band. With shielding effectiveness of over 75 dB at 40 GHz,
the enclosure provides an essential defense against EMP weapons and
geomagnetic storms that can “take out”
communication centers, power plants, pP-controlled
infrastructure, surveillance systems and more.

e bR ERR

B Custom-sized, mission-specific configurations

W Select doors, panels or combinations

W QOptions include power signal and
ventilation

B Adjustable mounting rails; punched, 1
threaded or square holes

Microwave Shielding Effectiveness

Meets IEEE and toughest TEMPEST MIL
standards including NSA 94-106.
Independently certified test reports are
available upon request. Learn more at
EquiptoElec.com or call.

EJawrg

Electronics Corp.”

Shielding Effectivness (d8)
H 2 H

qqqqqqqq (64

Over 75 dB attenuation at 40 GHz!

800-204-7225 Ext. 9 » 630-859-7840

email: sales@equiptoelec.com
www.equiptoelec.com

IS0 9001:2008 » RoHs Compliant  ITAR Cerlified
A Minority owned SDB

Made with pride in the USA

Get info at www.HFelink.com
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Waveguide & Coax
Materials Measurements
Setups

Measure
Mu
and

Epsilon

Transformer Resins

Model TXA4-512HP+ is a high power surface mount balanced transmis- Foams
sion line transformer with a 1:4 impedance ratio, operating across the 30 Ferrites
to 512 MHz band. It is ideal for use in applications including PCS, cellular Magrams
and more. It can handle up to 5W RF input power and 30mA DC current.
It achieves 0.7 dB insertion loss, 0.3 dB amplitude unbalance and 2° phase 0.1 - 20+ GHz
unbalance. A center tap at the primary winding allows DC feed and DC
bias without the need for an additional bias tee in the signal chain.

Mini-Circuits
minicircuits.com

Directional Coupler

This coupler features reliable Stripline construction using multi-section
design and provides power sampling up to 1000 watts CW in small coaxial
packages that has proven performance for power and reliability under
extreme environmental conditions. Covering a 400 - 1000 MHz the coupler
boasts flat coupling of 0.25 dB across the band exhibiting 0.2 dB insertion
loss with 25 dB directivity. The input/output connectors are Type “SC”
female and type “N” on the coupled ports.

Preferred Power Products
preferredpowerproducts.com
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Product Showcase

Transient Immunity Testers from AvTECH

The Avtech AVRQ series of high-
voltage, high-speed pulse generators is
ideal for testing the common-mode
transient immunity (CMTI) of next-
generation optocouplers, isolated gate
drivers, and other semiconductors.

+ Kilovolt amplitudes (%1, £1.5, -2 kV)

+ Transition times down to 10 ns,
dvidt rates up to 120 kVius

+ Switchable daughterboards to handle
a variety of DUT package styles

+ GPIB, RS-232 ports standard
+« Ethernet / VXI| optional
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‘Wanteq Microwave Corporation
138 W Pomona Ave, Monrmvia, CA 91018
Phone: (524) 3056666, Fax (626 623101
Ermasl bk S Cofm, Websda: piaon vl (07

Unstable optocoupler
DUT logic output!

1 o .
|- =1.5 kV pulse from

| model AVEQ-5-B,
with < 10 n= fall time

Prices, manuals, datasheets & test results:

ittpliwiaw,
inf wiechpulse.com

wlechpulse.comisemiconductor

ELECTRICALLY CONDUCTIVE
ADHESIVE SYSTEMS

T
3
)

® Sjlicones

® Sodium silicate
compounds

10GHz Divide-by 13 Prescaler

* Low Moise Amplifier
* Power Amplifier

* Frequency Divider

- Frequency Doubler
- Frequency Mixer

RF Bay, Inc.

850-950MHz 10W Power Amplfier

100KH: - 10GHz RF Amplifier

-Voltage Control Oscillator
* Phase Locked Oscillator
*Up/Down Converter

* RF Power Detector

- RF Switches

19225 Orbit Drive, Gaithersburg, MD 20879
Tel: (301) 880-0921, Fax: (301) 560-8007, Mobile: (240) 645-8591
Email: sales@rfbayinc.com, Website: www.ribayinc.com

754 Fortune Cr, Kingston, ON
K7P 273, Canada.
613 384 3939
info@astswitch.com

When only the best will do

ICE AMBLI
_fﬁx.sn'mu,mu.mn
IS0, 9001 CERJT.

EE il el
CE g mark

?'EHECIIEENG?TI@EHlfﬂ =

UNCOOLED 23°C O
SATELLINK, INC.
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Amp Module

The Model TA1049 - 700 to 6000 MHz, 10W GaN
Amplifier Module is ideal for CW, modulated or pulsed
applications. The wideband DC input range of +9 to +36V
allows the unit to be used with various power supplies in
existing systems. Due to several state-of-the-art circuits,
this unit is also highly immune from damage due to out
of spec DC voltage conditions that may be applied. Its
rugged construction guarantees fault-free operation in
the most extreme environments.

Triad RF Systems
triadrf.com

Switch

Skyworks introduced a single-pole, double-throw
(SPDT) switch that is qualified to the Automotive
Electronics Council (AEC) Q100 standard. The SKYA2001
features low insertion loss (0.4 dB at 2.4 GHz) and posi-
tive voltage operation with very low DC power consump-
tion (10 pA). It is ideal for next generation automotive
systems, transportation infrastructure platforms, in addi-
tion to industrial, and aerospace and defense wireless
control applications.

Skyworks
skyworksinc.com

Receptacles

SGMC Microwave introduced a new line of Precision
Grade Receptacles. Type N Male and Female (4) Hole
Flange Receptacles with extended pin and dielectrics
(epoxy captivated). 50 Ohm, Low VSWR, Low Insertion
Loss, Mode Free through 11 GHz (18 GHz version also
available). Passivated 303 Stainless Steel Housings with
Gold plated Center Conductors. Brass, Nickel Plated
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housings also available.
Fluorocarbon. Same-day shipping from stocking distribu-
tor C.W. Swift & Associates.

Dielectrics: Virgin PTFE

SGMC Microwave
sgmcmicrowave.com



Probe Station

The LMS-2709 is a basic rugged RF
(and DC) probe station for the research
of advanced active and passive compo-
nents. Useful for training university
students in microwave and DC micro-
probing. Compatible with magnetic
mount ball bearing microprobing posi-
tioners. Positioners compatible with DC,
AC & RF microprobes. Binocular and
Trinocular stereo zoom microscope with
7-30X magnification (included wide field
eyepieces), LED ring Illuminator, preci-
sion x-y stage with isolated and shielded
chuck, vacuum hold down and Z-lift.
Vacuum pump included.

J Micro Technology
jmicrotechnology.com

P Product Highlights

LNA

Herotek’s 6 - 18 GHz miniature
wideband LNAs feature: Very High
Optimized Gain; Low Power
Consumption; Low Noise Figure;
Very Flat Gain Response; Miniature
Sizes for Drop-In Assembly;
Hermetically Sealed Package for all
Applications. Applications:
Microwave Radio & VSAT; Test
Instrumentation; Fiber Optics;
Telecom Infrastructure; Military &
Space.

Herotek
herotek.com

BERT

Anritsu’s BERTWave MP2100B is a single solution that supports simulta-
neous BER measurements and eye pattern analyses for more efficient and
accurate evaluations of high-speed optical modules and devices used in data-
center servers and network devices. By combining the measurement capability
of two separate instruments, it reduces cost-of-test and significantly improves
test times and measurement reliability to speed product time to market.

Anritsu
anritsu.com

PRODUCTS
TO SOLUTIONS

MMW

Ducommun has more than 45 years
of experience with the design,
testing and manufacturing of

standard and custom millimeter
wave amplifiers.

S)Ducommun

- High Power, Single DC power supply/
internal sequential biasing

32 to 36 GHz Power Amplifier

- AHP-34043530-01

* Gain: 30 dB (Min)

- Gain Flatness: +/-2.0 dB (Max)

+ P-1dB: 34 dBm (Typ), 33 dBm (Min)

« Broadband, Low noise with high gain

26.5 to 40.0 GHz Low Noise Amplifier

- ALN-33144030-01

* Gain: 30 dB (Min)

- Gain Flatness: +/-1.0 dB across the
band

* Noise Figure: 4.0 dB (Typ)

For additional information,
contact our sales team at
310.513.7256 or

rfsales@ducommun.com
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Connector

Times Microwave Systems introduced a new non-sol-
der BNC male connector for LMR-240, the EZ-240-BM-X
(3190-6120) X Series NO-BRAID-TRIM Advantage™.
Features: Non-solder design; Tri-metal plating (elimi-
nates tarnishing); Chamfered cable entry hole for ease of
termination; Ridged landing area on the aft end for better
grip and sealing of the heat shrink boot; Improved imped-
ance matching for low VSWR; Cable can be stripped using
the standard CST-240A cable prep tool; No braid trim-
ming required.

Times Microwave Systems
timesmicrowave.com

EM Analysis

Remcom’s website features more than 85 examples
showcasing a variety of EM Analysis applications, includ-
ing: Antenna design and analysis; Bio/EM effects and
MRI; Waveguides and microwave circuits; Radar and
scattering; SAR validation; Military and defense applica-
tions; EMI/EMC; and more. Remcom engineers have writ-
ten these examples and explain the steps they took to set
up and run the simulations. For many examples they offer
the project files as a free download.

Remcom
remcom.com

Downconverter

Model MFC146 is a Dual Band Block Downconverter
(BDC) and covers the Ku band segments of 10.7-11.7 GHz
and 11.7-12.75 GHz with low noise figure and low phase
noise, housed in a compact, rugged low-profile enclosure.

60 High Frequency Electronics

It supports Ku band VSAT applications and is built to
withstand challenging airborne environments.

TRAK Microwave
trak.com
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Bias Tees

The BTHF (high frequency), BTHC (high current) and
BTS (standard) bias tee series enhance the breadth and
depth of RF and microwave solutions from TTE Filters.
These series are designed for use in biasing active anten-
nas, amplifiers and laser diodes, and for DC blocking or
return in broadband microwave, RF, data communication
and ADC/DAC applications, including laboratory test sys-
tems.

TTE Filters
tte.com

i's 17th Annual

Gl bal

LNA

PMI Model No.PE2-28-15G18G-4R0-13-12-SFF is a
15.0 to 18.0 GHz, low noise amplifier with a typical gain
of 26 dB at the 10.0 to 18.0 GHz frequency rage. This
unit has a noise figure of 4.0 dB max and a typical VSWR
of 1.5:1. It is supplied with removable SMA(M) connec-
tors in PMTI’s standard PE2 housing.

Planar Monolithics Industries
pmi-rf.com

== sMi

LINKING BUSINESS with INFORMATION

MilSatCom

CONFERENCE & EXHIBITION 2015

Europe’s Leading Military Communications Event for Satellite Professionals
Tuesday 3rd November - Thursday 5th November | Park Plaza Riverbank Hotel | London, UK

] LS
% OPENING MINISTERIAL ADDRESS: Philip Dunne, Minister of State for Defence Procurement, Ministry of Defence

MILITARY AND GOVERNMENT SPEAKERS ALSO INCLUDE:

=Iz Air Commodore John Philliban, Head Joint User of C4ISR, Joint Forces

«"»= Command, Minisiry of Defence

== Deanna Ryals, Chief, International MILSATCOM, U.S Air Force

I *I Lieutenant Colonel Abde Bellahnid, Directorate of Joint Capalbility,
SATCOMS & SAR Requirements, Canadian Department of National
Defence

— Brigadier General Jozef Nasiadka, Chief of Commmand and Control
Directorate - J6, General Staff of the Polish Armed forces

I I Commodore Christian Anuge, Deputy Director, Defence Space
Agency, Nigerian Navy

www.globalmilsatcom.com

in Global MilSatCom Community u #GlobalMilSatCom

I I Colonel Christophe Debaert, Head of Syracuse Program, DGA France
mmm Lieutenant Colonel Edwin Saiboo, Head of CIS/J6 Department, Royal
mmmm Netherlands Army

'u’ Commander Marcos Imperio, Assistant Chief of Fleet Staff for Weapons,

Communications, Electronics and Information Systems, Philippine Navy

Wing Commander Rhys Taylor, J6 - Headquarters Joint Forces New
*

Zealand, New Zealand Defence Force
™Y Komei Isozaki, Director, Space Policy Office, Ministry of Defence
Japan

LEAD SPONSOR S E S

your satellite company

a @SMiGroupDefence

Get info at www.HFelink.com
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COMBINERS

from 2 I(HZ fo ’8 GHZ s towss 74 Z;.(qu. 1000)

The Industry’s Largest Selection includes THOUSANDS
of models, from 2kHz to 18 GHz, at up to 300 watts power, in coaxial,

‘ flat-pack, surface-mount and rack-mount housings for 50 and 75 Q systems.
o From 2-way through 48-way designs, with 0°, 90°, or 180°

4 A& ‘ ‘ phase configurations, Mini-Circuits power splitters/combiners  offer
outstanding performance for insertion loss, isolation, and VSWR.

ﬂ; ‘ Our new MMIC ultra-wideband models cover 1.8 to 12 GHz applications requiring high

performance in a tiny package across wide frequency range such as SIGNITand ELINT.

Get easy-to-find, detailed data and performance curves, S-parameters,

outline drawings, PCB layouts, and everything else you need to make a decision

F. f quickly, at minicircuits.com. Just enter your requirements, and our patented search
< engine, Yoni2, searches actual test data to find the models that meet your needs.

@ X — - All Mini-Circuits catalog models are in stock,
; continuously replenished, and backed by our 1-year guarantee. We even list

e -~ current stock quantities and real-time availability, as well as pricing, to

= — help our customers plan ahead and make quick decisions.

So why wait? Take a look at minicircuits.com today!

0 RoHS Compliant
Product availability is listed on our website.
o, o T

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
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QUALITY, PERFORMANCE AND RELIABILITY
IN PRECISION COAXIAL CONNECTORS

EDGE LAUNCH BETWEEN SERIES __ BULKHEAD, & PANEL
CONNECTORS ADAPTERS ( d ADARTERS

J;({b ?

ADAPTERS . CABLE CONNECTORS . RECEPTACLES . CUSTOM DESIGNS

Including These Connector Series

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

ISO 9001:2008

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

SGMCE

MICROWAVE

Manufacturer of Precision Coaxial Connectors
Visit Us In 620 Atlantis Road, Melbourne, FL 32904

sales@sgmcmicrowave.com

IMS2016 WWW.Sgmcmicrowave.com
BOOth # 2330 Get info at www.HFelink.com
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SKYWORKS’

RF Switches for Internet
of Things (loT) Applications

Skyworks Solutions offers a select group of RF switches to support your entire loT/M2M product design
process — from prototype to production. These devices meet current broadband and loT specifications while
supporting emerging application requirements in aerospace and defense, automotive, home automation,

networking, smart energy and wireless infrastructure.

In stock and available from Richardson RFPD, this portfolio of SOI, GaAs, pHeMT and PIN diode-based
RF switches includes SPST, SPDT, SP3T, DPDT and up to SP8T products — all featuring proven technologies
for high reliability, ensuring high performance and exceptional value.
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High-Performance Characteristics:

* Broadband operation (VHF to 8 GHz)
* High power handling (up to 100 W)

* High isolation and low insertion loss
* Reflective or absorptive ports

* Industry-standard surface mount packaging

RichardsonRFPD (=l (=]
-~ éﬁﬁ

richardsonrfpd.com/Skyworks-RF-Switches

Your Global Source for RF, Wireless, Energy & Power Technologies
www.richardsonrfpd.com | 800.737.6937 | 630.262.6800



