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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

API Technologies 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 20 dB

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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Wideband
Transformers&Baluns!

NOW!

4 k H Z = 18 GHZ From QQ:EW.QO)

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 , Y. ’./ 74

to search our entire model database by performance criteria and 4 X )

find the models that meet your requirements. Order today and have OT? 015" 2’58 X 0.05” gggf 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! O RoHS compliant.

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

Directional/Bi-Directional

COUPLERS

5kHzto18 GHz up to 250W o 9 5 g (qy.7000)

\~\°‘N“ Looking for couplers or power taps? Mini-Circuits has
475 326 models in stock, and we're adding even more! Our

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



HiGH FREQUENCY

Vol. 14 No. 9 September 2015

Publisher
Scott Spencer
scott@highfrequencyelectronics.com
Tel: 603-472-8261

Associate Publisher/Managing Editor
Tim Burkhard

tim@highfrequencyelectronics.com
Tel: 707-544-9977

Senior Technical Editor
Tom Perkins
tom@highfrequencyelectronics.com
Tel: 603-472-8261

Vice President, Sales
Gary Rhodes
grhodes@highfrequencyelectronics.com
Tel: 631-274-9530

Editorial Advisors:
Ali Abedi, Ph.D.
Candice Brittain
Paul Carr, Ph.D.

Alen Fezjuli
Roland Gilbert, Ph.D.
Sherry Hess
Thomas Lambalot
John Morelli
Karen Panetta, Ph.D.
Jeffrey Pawlan, Ph.D.

Business Office
Summit Technical Media, LLC
One Hardy Road, Ste. 203
PO Box 10621
Bedford, NH 03110

Also Published Online at
www.highfrequencyelectronics.com

Subscription Services
Sue Ackerman
Tel: 651-292-0629
circulation@highfrequencyelectronics.com

Send subscription inquiries and address
changes to the above contact person. You
can send them by mail to the Business
Office address above.

@ BPA

MIRLAWIEE

Our Environmental Commitment

High Frequency Electronics is printed
on paper produced using sustain-
able forestry practices, certified by
the Program for the Endorsement
of Forest Certification (PEFC™),
www.pefc.org

SUMMIT

Technical Media LLC
Copyright © 2015, Summit Technical Media, LLC

6

High Frequency Electronics

P Guest Editorial

How Can Diversity
Improve the Microwave,

RF, and Wireless
Workforce?

Sherry Hess
VP of Marketing
AWR Group, NI

This past April, I attended the WIE (Women in
Engineering) Leadership Conference! in Silicon
Valley. Outside of the initial shock of seeing an audi-
ence of 99 percent technical females, the next awe factor was the lineup of
keynote speakers—CEOQO Lisa Su from AMD, CTO Sophie Vanderbroek of
Xerox, CIO Rebecca Jacoby of Cisco, VP Patty Hatter of Intel, to name a few.
For me, one of the most impactful talks was actually given by a male, Intel
CEO Brian Krzanich?2. Why? Because he raised my awareness of his presen-
tation at CES (Gadget Show) in Las Vegas at the start of this year, where he
issued a diversity challenge to his company and the entire industry.

Recapping this speech to all of the attendees at WIE, Krzanich said it is
no longer good enough to just talk about valuing diversity. We need to have
our workplaces and our industry reflect the full availability and talent pool
of women and underrepresented minorities.?

The diversity topic is one I've discussed with IEEE MTT-S colleagues
over the past few years, including a speech on diversity and women in engi-
neering I gave at the International Wireless Symposium (IWS) in China a
few years ago. It was also the topic of our Women in Microwaves (WIM)
panel at this year’s International Microwave Symposium.

Diversity is Good for Business

Many sources say diversity is good for business. The New York Times’
“Women at Work” series, written by Facebook COO Sheryl Sandberg and
University of Pennsylvania Wharton School professor Adam Grant, cites
research that shows women bring different knowledge, skills, and networks
to the table.* They take fewer unnecessary risks and are more inclined to
contribute in ways that make their teams and organizations better, borne
out by the fact that successful venture-backed start-ups have more than
double the median proportion of female executives of failed ones. This arti-
cle says raising women’s participation in the work force to the same level as
men could raise the GDP by:

e 5 percent in the U.S.

e 9 percent in Japan

e 34 percent in Egypt



At Internet giant Alibaba, 47
percent of all jobs and 33 percent of
senior positions are held by women.
Founder Jack Ma calls this “one of
the secret sauces for Alibaba’s suc-
cess.”

Sophie Vandebroek said in her
WIE presentation® that Xerox across
the board has over 30 percent female
researchers from all over the world.
She says diversity at Xerox starts at
the top. Forty percent of Xerox direc-
tors are women; the CEO for the
past five years is an African
American woman; and the CEO for
the previous 10 years was a woman.
She believes that women at Xerox
are thriving for two reasons: the
innovative environment and the
inclusive culture. “You can’t do any-
thing alone,” she said. “You need a
team around you that can help you
be more innovative, with people with
different life histories that bring
together different ideas and view-
points, people who represent all
walks of life. Diversity and inclu-
siveness is a business imperative,
not only an innovation imperative.”

Figure 1 (see p. 60), from the
IMS2015 Women in Microwaves
panel session, shows the ratio of
female employees (blue bar) to
female managers (red bar) for select
countries.

Intel’s Brian Krzanich says data
suggests that best-in-class compa-
nies with the highest level of racial
diversity generated 15 times more
sales that those with the lowest lev-
els. Companies with C-suite women
earn 57 percent or $44 million more
than companies without C-suite
women. Adding women to an all-
male team increases the team’s
group intelligence (how they think
and solve problems) by 40 percent.

2020 Representation Goal
According to a report on Intel's
website, women made up 24 percent
of Intel's workforce in 2013 and non-
Asian minorities made up 14 per-
cent. In his speech, Krzanich put up

a slide (Figure 2, see p. 61) that not
only challenges the tech industry to
increase the hiring of women and
minorities, but sets a goal of full rep-
resentation in his company's work-
force by 2020. He said the company
will hold its managers accountable
by tying their pay to progress. The
company also is investing $300 mil-
lion to improve diversity, including

initiatives to create a pipeline of
women and minorities entering the
technology field.

Pankaj Patel (EVP, CDO, Cisco)
also gave a keynote at WIE, “The
Power of Women Engineers.” He said
that at Cisco diversity is their culture
and that it is not simply part of the
game, it is how you win the game.
An organization is simply a

(See page 60)
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P Meetings and Events

CONFERENCES & MEETINGS

2015 IEEE MTT-S 2015 International Microwave
Workshop Series on RF and Wireless Technologies for
Biomedical and Healthcare Applications (IMWS-BIO)
21 — 23 September 2015
Taiwan
www.ieee-jp.org/japancouncil/chapter/MTT-17/rfit2015/

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 MT'T-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

COMPANY-SPONSORED

TRAINING & TooLS

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:/ | sine.ni.com /nievents/app /results/p/country/
us/type/webcasts/

The IEEE North Jersey Section AP/MTT
Joint Society chapter will hold its 30th
annual symposium and mini-show on Thursday,
October 1 at the Hanover Manor, 16 Eagle
Rock Ave., East Hanover, NJ. The event will
feature 10 - 12 technical talks and 50 exhibitor
tables. The show is open to the technical com-
munity and there is no charge for admission. A
complimentary breakfast and lunch will be pro-
vided for all attendees. For further information
contact Kirit Dixit (kdixit@microcomsales.
com), George Kannell (gkk@lgsinnovations.
com), or Arthur Greenberg (a.h.greenberg@
ieee.org).
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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 to 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.

See our complete line of low noise frequency synthesizers

MLSN-series

MLSP-series MLSW-series
Synthesizers Synthesizers Synthesizers Test Box
600 MHz to 20 GHZ 2t016 GHz 600 MHz to 16 GHz 210 16 GHz

- MLBS-series

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.

== 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

Report: MM-Wave to Have Big Impact

on Telecom Applications

The proliferation of smart devices and rising signifi-
cance of interconnectivity is intensifying the demand for
high-speed data connectivity, high-resolution data trans-
fer, and cost-efficient data security; Millimeter wave
(MMW) technology can address all of these demands.
Recognizing this, government agencies across the
world are actively funding their R&D in the fields
of aerospace and defense, while consumer electron-
ics and network carrier original equipment manu-
facturers (OEMs) are eagerly adopting the technol-
ogy to enrich the capabilities of existing applica-
tions.

New analysis from Frost & Sullivan, “Millimeter Wave
Technology: Impact in Key Applications,” finds that the
telecommunications industry will develop MMW-
based applications, which will have a huge impact
in the next five to six years. This industry is seeking
low-cost, high-capacity tools to transport data to the edge
of the network, where small cells will reside.

“‘MMW will find significant application in comple-
menting the usage of the higher frequency spectrum in
wireless communications,” notes Frost & Sullivan
Research Analyst Jabez Mendelson. “The high frequen-
cy of MMWs would enable the creation of small-sized
antennas and multiple-element phased arrays on a sub-
strate chip. Furthermore, it would also aid in the design
and development of compact MMW equipment.”

While the advantages are significant, MMWs also
exhibit certain technical deficiencies. Millimeter waves
are susceptible to rain fade (60 GHz and 70/80 GHz),
wherein the heavy oxygen absorption in the atmosphere
at 60 GHz limits the distance of signal transmission.
Although there are various vendors who claim to have
minimized rain fade, no MMW technology has effectively
addressed this issue.

Nevertheless, technological advances are spawning
new applications and ultimately, new opportunities for
MMW technology across diverse industry verticals such
as telecommunications, healthcare, aerospace, defense,
automobile and commercial security.

In particular, there is a wealth of opportunities
for such technology in the telecommunication indus-
try, since there is more spectrum available for usage
in the MMW bands than in the wave bands presently
used for mobile communications. Similarly, when
used in driver assistant systems, MMW technology
can accelerate the commercialization process of
unmanned vehicles. Furthermore, the technology
has considerable utility in the healthcare and com-
mercial security industries due to its incorporation
in scanning and imaging devices.

10 High Frequency Electronics

Ultimately, MMWs can improve the accuracy and
proximity of sensors in wireless sensor networks, while
the greater precision of radar systems developed using
the technology can boost satellite communication. Overall,
it helps reduce the load pressure faced by lower frequen-
cies and most importantly, enables the transmission of
data without interference from nearby radio waves.

“Overall, with superior technology sophistication, the
number of applications that can benefit from MMW will
multiply, as will the business models and end-user mar-
kets,” remarked Mendelson.

—Frost & Sullivan
frost.com

Growing Threats Driving Increase in
Global Defense Spending

Reversing a trend which saw global defense budgets
remain essentially flat year-on-year across 2012-2013,
defense spending experienced a sharp increase in 2014 as
a result of a changing geopolitical threat environment
based on both state and non-state activity and other fac-
tors. The Strategy Analytics Advanced Defense Systems
(ADS) service report, “Global Defense Spending Outlook
2014-2024,” forecasts that global defense spending
will increase 2 percent year-on-year in 2015 and
will grow at a CAGR of almost 3 percent to reach
$2.4 trillion in 2024.

A range of factors will drive spending but there are a
number of common drivers that recur within and across
the different regions which will underpin future spending
on defense including:

e Combatting the expansion of ISIS and other asym-

metric threats

e Contesting the ambitions of a resurgent Russia

e Maintaining spending levels in line with NATO

and other coalition commitments

e Maritime and border protection

e Developing effective strategies to counter China

“While the North American defense budget will repre-
sent the largest expenditure, the rate of growth will be
hampered by the continuing impact of sequestration
despite being offset by discretionary supplementary
spending in the medium- and long-term,” predicts Asif
Anwar, Director of the ADS service. “On the other hand,
we forecast defense spending will continue to accel-
erate in the Asia-Pacific region, growing at the fast-
est CAGR globally of 5.6 percent and surpassing
North American expenditure levels by 2020.”

“This year’s analysis expanded coverage to 89 coun-
tries, looking at a range of factors including GDP growth,
threat perception and political intent on force moderniza-
tion,” noted Eric Higham.

—Strategy Analytics
strategyanalytics.com



TIP 1 For an inductor with the
absolute maximum Q, pick one
of these air core “Springs”. They
have flat tops for easy mounting
and exceptional current ratings.

TIP 2 If you prefer conventional
chip inductors, you’ll get the
highest Q with our new ceramic
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best Q at your L and frequency?
Our Highest Q Finder web tool

tells you in just seconds. Click
again to plot the L, Q, Z and ESR
of up to 4 parts simultaneously.

TIP 4 When it’s time to build
your prototypes, be sure to ask

body 0402HP and 0603HP families. These
tiny wirewound coils handle up to 2 times
more current than the nearest competitor.

us for evaluation samples. They’re always free
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P In the News

By combining complementary mindsets on the leading
edges of electronic and radiofrequency device engineering,
a pair of researchers in DARPA’s Young Faculty Award
program has devised ultratiny, electronic switches
with reprogrammable features resembling those at
play in inter-neuron communication. These highly
adaptable nanoscale switches can toggle on and off so
fast, and with such low loss, they could become the basis
of not only computer and memory devices but also multi-
function radiofrequency (RF) chips, which users might
reprogram on the fly to behave first like a cell-phone’s sig-
nal emitter but then, say, as a collision-avoidance radar
component or a local radio jammer.

Reconfigurable RF systems like these depend on the
availability of minuscule RF switches that can be inte-
grated into chips and whose switching characteristics can
be readily reprogrammed to serve different RF functions.
So far, however, reconfigurable RF switches have been
of limited use because of their performance drawbacks
including added noise, size, power consumption, func-
tional instability and lack of durability.

As a step toward overcoming these constraints, two of
DARPA’s Young Faculty Award (YFA) recipients, Qiangfei
Xia and Joseph Bardin, both Assistant Professors in
the Department of Electrical and Computer Engineering
at the University of Massachusetts Amherst, teamed
up to invent and demonstrate new nanoscale RF switches
based on so-called memristor technology. Bardin (in the
YFA program since 2011) brought to the duo expertise
in reconfigurable RF integrated circuits, while Xia (in
the YFA program since 2012) contributed prowess in the
design and fabrication of nanoscale memristor devices.
Inspired by discussions with their YFA mentor—DARPA’s
Microsystems Technology Office Director Bill Chappell—
Xia and Bardin combined their strengths to devise what
they describe in a recent Nature Communications article
as “nanoscale memristive radiofrequency switches.”

Memristive devices are switches whose ease or

difficulty of toggling between on and off states is
determined by the history of voltage and/or current

12 High Frequency Electronics
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applied to the switch structure. That means they
have the potential to be programmed to serve a range
of purposes by applying specific patterns of charges. The
switches that Xia and Bardin are made of two conductive
elements separated by a thin dielectric of just 35 nano-
meters, or about the width of a virus. Changes in applied
voltages or currents in these switches trigger the forma-
tion or disintegration of conductive filaments between
the elements—a process that resembles neuron signal
transmission, where similarly tiny gaps are briefly and
reversibly bridged by chemical neurotransmitters, allow-
ing electrochemical signals to propagate from one neuron
to the next.

Seven teams from around the country have earned
the right to play in the final competition of DARPA’s
Cyber Grand Challenge (CGC), a first-of-its-kind
tournament designed to speed the development of
automated security systems able to defend against
cyberattacks as fast as they are launched. The win-
ners successfully squared off against dozens of other
teams for the opportunity to compete head to head next
year for nearly $4 million in prizes—and the chance to
help revolutionize cybersecurity going forward.

Computers are important for detecting known network
vulnerabilities and the swarms of malicious programs
that are constantly seeking to take advantage of those
weaknesses, but cyber defense today still ultimately
depends on experts to patch those weaknesses and stymie
new attacks—a process that can take months or longer,
by which time critical systems may have been breached.
CGC aims to automate the cyber defense process to
identify weaknesses instantly and counter attacks
in real time.

Out of 104 teams that had originally registered in 2014,
28 teams made it through two DARPA-sponsored dry
runs and into last month’s CGC Qualifying Event. In
that contest, teams tested the high-performance com-
puters they had built and programmed to play a round
of “capture the flag” (CTF)—a game that experts use to
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test their cyber defense skills. CTF
games require competitors to reverse
engineer software created by con-
test organizers and locate and heal
its hidden weaknesses in networked
competition. The CGC final event will
take place in Las Vegas in August
2016, in conjunction with DEF CON,
home of the longest-running annual
CTF competition for experts.

“After two years of asking ‘What if?’
and challenging teams around the
world with a very difficult series
of preliminary events, we've shown
that there is a place for comput-
ers in an adversarial contest of the
mind that until now has belonged
solely to human experts,” said Mike
Walker, DARPA program manager.
“As we had hoped when we launched
this competition, the winning teams
reflect a broad array of communi-
ties—academic pioneers of the field,
security industry powerhouses, and
veterans of the CTF circuit, each
of which brings to CGC its own
strengths.”

Each team designed an innovative
system that achieves, to varying
degrees, the difficult task of find-
ing and fixing software safety
problems in the kind of code
used everywhere every day. “The
results bode well for an exciting com-
petition next year and confirm the
value of using a grand challenge for-
mat,” Walker said. “With no clear best
approach going in, we can explore
multiple approaches and improve the
chances of producing groundbreak-
ing improvements in cybersecurity
technology.”

H ok ok

The IEEE North Jersey Section
AP/MTT Joint Society chapter
will hold its 30* annual sympo-
sium and mini-show on Thursday,
October 1 at the Hanover Manor, 16
Eagle Rock Ave., East Hanover, NJ.
The event will feature 10 - 12 tech-
nical talks and 50 exhibitor tables.

The show is open to the technical
community and there is no charge for
admission. A complimentary break-
fast and lunch will be provided for all
attendees. For further information
contact Kirit Dixit (kdixit@micro-
comsales.com), George Kannell
(gkk@lgsinnovations.com), or Arthur
Greenberg (a.h.greenberg@iece.
org).

kock ok

Raytheon Company has named
Southern Methodist University
(SMU) as a strategic partner in
cyber research based on the com-
pany’s collaborative efforts with the
Darwin Deason Institute for Cyber
Security in SMU’s Bobby B. Lyle
School of Engineering. The strategic
partnership includes joint research
projects in cyber security, Raytheon
internships for SMU students, and
strategic education initiatives ben-
efiting both SMU and Raytheon.

“We are very proud to have earned
this designation,” said Fred Chang,
director of the Deason Institute
and the Bobby B. Lyle Endowed
Centennial Distinguished Chair in
Cyber Security. “The work we do
together benefits SMU and Raytheon,
government and industry, and ulti-
mately anyone with a laptop or smart
phone. It will also help train our stu-
dents to become part of a desperately
needed workforce of cyber defenders.”

”Collaboration between academic
centers of excellence like SMU and
industry leaders like Raytheon is
a powerful engine for innovation,”
said Dave Wajsgras, president of
Raytheon Intelligence, Information
and Services. “This strategic part-
nership is an example of Raytheon’s
commitment to growing the cyber
workforce and enhancing the technol-
ogy and capabilities needed to help
our customers and society face the
ever growing cyber threat.”

ok ok



NI AWR Design Environment

Now Playing on a Screen Near You
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modules, and more. With the addition of new amplifier, your end-product performance, and accelerate your time
radar, and antenna specific features, expanded third-party to market. Display NI AWR Design Environment on your
flows for EM, stability analysis, and DRC/LVS, as well as desktop today. Get started at awrcorp.com/v12.
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Production Tester

Rohde & Schwarz now offers a new,
speed-optimized production tester
— the R&S SMBV100A vector sig-
nal generator equipped with the
R&S SMBV-P101 package. During
production testing of modules and
receivers for satellite-based com-
munications, the basic GNSS signal
reception and the connection be-
tween the antenna and GNSS chip-
set need to be checked.

Rohde & Schwarz
rohde-schwarz.com

Coupler

KRYTAR announced a new direc-
tional coupler offering 6 dB of cou-
pling over the frequency range of
10.0 to 67.0 GHz, in a single, com-
pact and lightweight package. This
latest addition enhances the selec-
tion of multi-purpose, stripline de-
signs that exhibit excellent coupling
over a broadband frequency range
of 10.0 to 67.0 GHz.

KRYTAR
krytar.com

Harmonic Mixer
Model SFH-15SFSF-A1 is an V-
Band balanced harmonic mixer
especially designed for the Key-
sight spectrum analyzer series. It
employs high performance GaAs
Schottky flip chip diodes, balanced

16 High Frequency Electronics

P Featured Products

configuration to produce superior
RF performance. The required LO
frequency range is 3.0 to 6.1 GHz
and power is +16 dBm, which trans-
lates the harmonic number 14 and
resultant IF frequency range of DC
to 1.3 GHz. Typical conversion loss
is 40 dB covering entire 50 to 75
GHz frequency range.

SAGE Millimeter
sagemillimeter.com
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Filter, Components Catalog

Temwell is a leading provider of
microwave and RF solutions in the
field of wireless communications,
supplying markets such as Aero-
space, Military, Medical, and more.
Temwell has been designing and
manufacturing helical bandpass
filters for more than 19 years. Its
new online product catalog features
bandpass filters, obsoleted Toko-
type standard filters, notch filters,
cavity filters, splitters, combiners,
and much more.

Temwell
temwell.com

Connector

Mesa Microwave introduced its K
Spark Plug Connector, Frequency
DC to 40 GHz, VSWR: 1.433,
Operating Temp: -55C to + 125C,
Material Passivated 303 Stainless
Steel. Excellent Performance up to
40 GHz. Dielectric: Polyphenylene
Oxide.

Mesa Microwave
mesamicrowave.com

Switches

Pasternack introduced a large port-
folio of in-stock general purpose
multi-market coaxial packaged
electromechanical switches for RF,
microwave and millimeter wave ap-
plications. These new switches are
uniquely qualified for use in numer-
ous applications including military
communications, radar, commercial
and military aviation, SATCOM,
test & instrumentation, medical
equipment and others.

Pasternack
pasternack.com

NI AWR Design
Environment

White Paper

NI (formerly AWR Corp.) announced
a new NI AWR Design Environ-
ment™ white paper that describes
how Visual System Simulator™
(VSS) system design software and
LabVIEW can co-simulate, enabling
system designers to better analyze,
optimize, and verify complex RF
systems inclusive of digital signal
processing (DSP) blocks.

National Instruments
awrcorp.com

Filters

Pole/Zero released a new reduced
SWaP-C line of MINI-ERF™ (G2)
tunable bandpass filters. MN-30-
520-(%BW)-S04 covers the entire
tactical military tuning range of 30
MHz to 520 MHz and is currently
available in either a 4% BW or 7%
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BW (3dB). The MINI-ERF™ (G2)
filter is a low-cost, miniature,
high-performance tunable band-
pass filter.

Pole/Zero
polezero.com

Implantable Radio Module

The ZL70323 implantable radio
module is a high-performance,
easy-to-use RF module based on
the ZL70103 MICS-band trans-
ceiver IC. The module is small and
is designed to provide good perfor-
mance while consuming very little
power. It integrates all the circuit-
ry and functionality required to
deploy a complete radio solution
for implantable applications such
as pacemakers, cardiac defibril-
lators and neurostimulators—
measuring just 5.5mm x 4.5mm x
1.5mm.

Microsemi
microsemi.com

Linear Amplifier Module

This wideband 800 to 2500 MHz,
12 W GaAs linear amplifier mod-
ule is capable of supporting any
signal type and modulation for-
mat, including but not limited to 3
- 4G telecom, WLAN, OFDM, DVB,
and CW/AM/FM. Due to state-of-
the-art circuits, this unit is highly
immune from damage due to any
out of spec DC voltage conditions
that may be applied. Its rugged
construction guarantees fault-free
operation in the most extreme en-
vironments.

Triad RF Systems
triadrf.com

P Featured Products

750W TWTA
The Model 177Ka provides 750W
peak power at duty cycles up to
10% from 34 to 36 GHz. Particular
emphasis has been placed on the
generation of the output RF pulse
shape. The RF output pulse width
tracks the input 5 volt video pulse.
Internal power supplies are DC-
DC converter designs operating
at 50kHz with fast loop response
times so that output level varia-
tions are minimal for any PRF
including a non-periodic or burst
type PRF.

Applied Systems Engineering
applsys.com

okl

Frequency Multiplier

Model SFA-703863610-12SF-S1
is an active X6 frequency multi-
plier. It takes an input frequency
of 11.66 to 14.33 GHz and a typi-
cal input power of +0 dBm and
yields an output frequency of 70
to 86 GHz, and the nominal out-
put power of +10 dBm. It also has
a typical harmonic suppression of
20 dB. DC power requirement is
+8 VDC/320 mA. The input port
configuration is a female SMA
connector and the output port con-
figuration is a WR-12 waveguide
with a UG-387/U flange.

SAGE Millimeter
sagemillimeter.com

Transformer
Mini-Circuits’ TX4-62HP+ is a
502, 20 to 600 MHz RF trans-
former that features: high power/
high DC current; wideband 20 to
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P> 15680 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.

»> 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

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

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.

isola 185HR, 370HR or I1S415. Astra MT has been used in designs
up to 77 GHz.

RF/MICROWAVE MATERIALS

I-Tera® MT RF | |-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 0.0028-00035 | *00200-0031& 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 o _Ero o Ero o _Ero o _Ane 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 Yes 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

FREE! Impedance and Power-Handling Calculator

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 OEMs 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

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

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.



600 MHz; high impedance ratio 4:1;
leadless surface mount. Applica-
tions: impedance matching of am-
plifiers; push-pull amplifiers.

Mini-Circuits
minicircuits.com

BGA Socket
Ironwood Electronics introduced a
new BGA socket design using high
performance elastomer capable of
75 GHz, very low inductance and
wide temperature applications. The
GT-BGA-2029 socket is designed for
35 x 35 mm package size and oper-
ates at bandwidths up to 75 GHz
with less than 1 dB of insertion
loss. It is designed to dissipate few
watts using compression screw and
can be customized up to 100 watts

P Featured Products

with modified fin design on top of
the screw and adding axial flow fan.

Ironwood Electronics
ironwoodelectronics.com

1y

Power Splitter

Mini-Circuits’ QCN-27+ is a 2 Way-
90°, 50 ohm, 1700 to 2700 MHz pow-
er splitter/combiner that features:
low insertion loss, 0.4 dB typ.; high
isolation, 26 dB typ.; wrap-around
terminal for excellent solderability;

ultra-small, 0.12" X 0.06" X 0.035";
patent pending. Applications: PCS/
DCS; MMDS; ISM; balanced ampli-
fiers; modulators.

Mini-Circuits
minicircuits.com
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Terminations

Richardson RFPD announced avail-
ability and full design support for a
new series of terminations and at-
tenuators from Radiall. The Plati-
num Series, part of Radiall’s global
Test & Measurement offering, fea-
tures easy integration for commu-
nication matrices, test benches and
laboratories where high RF perfor-
mance and reliability are essential.

Richardson RFPD
richardsonrfpd.com

Preferred
Power Products

X

—

90" Hybrid Couplers to 1600 Watts

Freq 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 0.8 2 20 0.3 1.25 PH90-100-500-1KN
200-400 500 0.5 2 23 0.2 1.2 PH90-200-400-R5N
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
400-1000 500 0.6 2 20 0.25 .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
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

A division of:

MICROWAVE CORPORATION

Features:
= 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.

Get info at www.HFelink.com
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CERAMIC FILTERS

LOWPASS BANDPASS HIGH PASS DIPLEXERS
¢

Cover ing DC to 18.3 GHz fom ea. qty.3000

Over 195 models as small as 0.06 x 0.03"! These tiny, hermetically Wild Card Filter Kits, KWC-LHR only*98
sealed filters utilize our advanced Low Temperature Co-fired Ceramic « Choose any 8 LFCN or HFCN models
(LTCC) technology to offer superior thermal stability, high reliability, and very ,‘2}; . Receive 5 gf each model

low cost. Supporting a wide range of applications with high stop band ‘?JJJ « A total of 40 filters for a great value
rejection and low pass band insertion loss in tiny packages, they’re a perfect « Order your KWC-LHP Filter Kit TODAY!

fit for your system requirements. Visit minicircuits.com for comprehensive
data sheets, PCB layouts, free high-accuracy simulation models, and

everything you need to choose the model for your needs. Order direct
: IHndalllhlcs

O RoHS compliant U.S. Patents 7,760,485 and 6,943,646

from our web store, and have them in your hands as soon as tomorrow! Free, High-Accuracy Simulation

Now available in small-quantity reels at no extra charge: Models for ADS S
Standard counts of 20, 50, 100, 200, 500, 1000 or 3000. www.modelithics.com/mvp/Mini-Circuits.asp

Save time, money, and inventory space!

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



P Doherty Amps

High-Efficiency Doherty
Amplifiers Using Class-F and
Inverse Class-F Load Networks
with a Quarterwave
Transmission Line

By Andrei Grebennikov

In modern wireless communication, broadcasting, and industrial systems, it is required that
the power amplifier operate with high efficiency and low harmonic output level simultaneously.
To increase efficiency of the power amplifier, it is possible to apply a switch-
mode Class-E, Class-F, inverse Class-F, or mixed Class-E/F technique [1, 2].

Highly efficient operation of the power amplifier can generally be
obtained by applying bi-harmonic or polyharmonic modes when an addi-
tional single- or multi-resonant circuit tuned to the odd or even harmonics
of the fundamental frequency is added to the load network. An infinite
number of odd-harmonic resonators results in an idealized Class-F mode
with a half-sinusoidal current waveform and a square voltage waveform at the device output.
Similarly, in inverse Class-F power amplifiers optimized by odd-harmonic short-circuit termina-
tion and even-harmonic open-circuit peaking, the fundamental and harmonic load-network
impedances result in a half-sinusoidal voltage waveform and a square current waveform at the
device output to obtain maximum efficiency.

The average efficiency of the power amplifier can further be increased by using a Doherty
configuration with a Class-B or Class-AB bias in the carrier amplifier and a Class-C bias in the
peaking amplifier [2]. In some cases, the Class-F design strategy can be applied to the carrier
amplifier, whereas the peaking amplifier operates in a conventional Class-C mode [3]. For
example, the load network of a Class-F/Class-C Doherty amplifier can be connected to the drain
through the short-circuited quarterwave transmission lines providing inherent even-harmonic
suppression [4]. In this case, the drain current of the Class-B biased carrier device contains the
DC, fundamental-frequency, and even-harmonic components, whereas the drain current of the
Class-C biased peaking device is purely sinusoidal. Implementation of both the carrier and
peaking amplifiers with a Class-F load network containing a series quarterwave line can pro-
vide an increase of the overall efficiency and improvement of the harmonic suppression level
[5]. In an unbalanced Doherty configuration when the carrier amplifier operates in a Class-F
mode, while the peaking amplifier operates in an inverse Class-F mode, the backoff peak effi-
ciency point can be shifted from the conventional 6 dB to 8.2 dB [6].

Increasing power amp
efficiency while
maintaining low
harmonic output level.

Class F with Quarterwave Transmission Line

Ideally, a control of an infinite number of the harmonics maintaining a square voltage wave-
form and a half-sinusoidal current waveform at the drain can be provided using a parallel
quarterwave transmission line and a series resonant circuit tuned to the fundamental fre-
quency [2]. Figure 1 shows the circuit schematic of a Class-F power amplifier with a parallel
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e 0.5-8GHz
Ultra-Wideband Low Noise Amplifiers

Low noise, high dynamic range, high output power, and flat gain from 0.5 to 8 GHz,
all in a single model! And it’s very easy to use: a simple fixed inductor at the input and
output provide matching over the entire band!* It's ideal for sensitive, high-dynamic-range
receivers, instrumentation, defense systems, LTE, WiFi, S-band and C-band radar,
satcom and more! It operates on a single 5V supply and comes in a tiny 3x3mm MCLP
package for excellent manufacturability. It's available off the shelf for a great value, so go
to minicircuits.com and place your order today for delivery as soon as tomorrow!

*See datashest for suggested application circuit.
TFlatness specified over 0.5 to 7 GHz.

[ JMini-Circuits

Only $6 Pa%%ao)

FEATURES

Low Noise Figure, 1.3 dB

High Gain, 21dB

Excellent Gain Flatness, +0.7 dB*
High IP3, +35 dBm

High Pour, +23.2dBm

Tiny Size, 3x3mm &»

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

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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Figure 1 ¢ Schematic of Class-F power amplifier with parallel trans-
mission line.

quarterwave line using a 28-V 10-W Cree GaN HEMT CGH40010F device. For
even harmonics, the short circuit on the top side of the quarterwave line is
repeated, thus producing a short circuit at the drain. However, the short circuit
at the top side of the quarterwave line produces an open circuit at the drain for
odd harmonics. Here, the loaded quality factor of the series resonant circuit
tuned to the fundamental frequency is sufficient to provide the sinusoidal out-
put current flowing into the 50-Q load.

To better illustrate the drain voltage and current waveforms with mini-
mum effect of the device parasitic output parameters, a sufficiently low operat-
ing frequency of 200 MHz was chosen. In this case, a simple lossy RL input
shunt network is used to match the device input impedance to a 50-Q source
and to compensate for the device input gate-source capacitance of about 5 pF
at the fundamental frequency that results in a return loss greater than 20 dB.
The length of the parallel quarterwave line was optimized to maximize effi-
ciency taking into account the device parasitic parameters such as the drain-
source capacitance C, and series drain inductance provided by the combined
bondwire and package lead inductance. The series 40-Q resistor connected to
the device gate is added to provide unconditional operation stability. The simu-
lated drain voltage appears close to a square waveform and drain current
similar to a half-sinusoidal waveform are shown in Fig. 2(a), where small wave-
form ripples (minimized by load-network parameter optimization) can be
explained due to effects of the device output drain-source capacitance of about
1.3 pF and package parasitics at higher-order harmonic components. As a
result, a maximum drain efficiency of 84.9% with a power gain of 17.2 dB at an
input power of 23 dBm is obtained with a sine-wave driving signal, as shown
in Fig. 2(b). Harmonic components are suppressed by greater than 42 dB.

Figure 3 shows the circuit schematic of a Class-F power amplifier with a
series quarterwave line using a 28-V 10-W Cree GaN HEMT CGH40010F
device. This type of a Class-F power amplifier was initially proposed to be used
at higher frequencies where implementation of the load networks with only
lumped elements is difficult and the parasitic device output (bondwire or pack-
age lead) inductance is sufficiently small [1]. For even harmonics, the short
circuit on the load side of the transmission line is repeated, thus producing a
short circuit at the drain. However, the short circuit at the load produces an
open circuit at the drain for odd harmonics with resistive load at the funda-
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P Doherty Amps

. % shunt resonant circuit is high enough to provide the
. sinusoidal current flowing into the 50-Q load.

. __50 In Class F, the optimum load resistance R, can be
< . < obtained for the DC supply voltage V  and fundamental-
= 0o » = frequency output power P delivered to the load as [2]

s 7 s
S P R. = 8 Ve
0.3 |20 L B
E L ye Pout (1)
o2 I L L ’ Inverse Class F with Quarterwave Transmission
) Line
Time (nsec) An idealized inverse Class-F operation mode can be
a). represented by using a sequence of the series resonant
v Gain, dB o Efficiency, % circuits tuned to the fundamental and odd harmonics. An
4 a infinite set of the series resonant circuits tuned to the odd
- - . " harmonics can be effectively replaced by a series quarter-
i} m wave line with the same operating capability [7]. Such a
T oa— - circuit representation of an inverse Class-F power ampli-
= T . . . .
o - r E fier with a series quarterwave line loaded by the series
E:_‘ 1® 0 Lc resonant circuit tuned to the fundamental frequency and
£ m based on a 28-V 10-W Cree GaN HEMT CGH40010F
- r device is shown in Fig. 4.
N T T T T I (VO o : The high-@ series-tuned output circuit presents to the
- v B o 1" x = transmission line a load resistance at the frequency of
Pt poveer (2Bim) operation. For even harmonics, the open circuit on the
b). load side of the transmission line is repeated, thus pro-

ducing an open circuit at the drain. However, the quarter-
Figure 2 ¢ Simulated waveforms, gain, and effi- ,ye Jine converts the open circuit at the load to a short
ciency of Class-F GaN HEMT power amplifier with  (jycyit at the drain for odd harmonics with resistive load
parallel transmission line. at the fundamental frequency.

) ) In inverse Class F, the optimum load resistance RL
mental. Unlike the case with a parallel quarterwave ... pe obtained for the DC supply voltage V_and funda-

transmission line, such a Class-F load network configura- mental-frequency output power P delivered to the load
tion with a series quarterwave line can provide an imped- ¢ 2] out

ance transformation. The loaded quality factor of the
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Pin 40Q 72 pF 10 nH 2509
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Figure 3 ¢ Schematic of Class-F power amplifier with series transmission line.
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8 Pout (2)

Similarly to the conventional Class-F GaN HEMT
power amplifier, a simple lossy RL input shunt network
is also used to match the device input impedance to a
50-Q source and to compensate for the device input gate-
source capacitance at the fundamental

the carrier and peaking amplifiers are operated in a
Class-F mode, provide a maximum output power of 43.2
dBm with a drain efficiency of 85.6% and a power gain of
13.2 dB and a backoff peak efficiency point at an output
power of 37.0 dBm (6.2-dB backoff) with a drain efficiency
of 68% and a power gain of 17 dB, as shown in Fig. 7.

frequency. The length of the series
quarterwave line was optimized to
maximize efficiency taking into account
the device parasitic parameters. The
simulated drain voltage (close to half-
sinusoidal) and current (close to square)
waveforms are shown in Fig. 5(a),
where small deviations from the ideal
waveforms (with optimized load-net-
work parameters) can be explained due
to effect of the device output drain-
source capacitance C, and package
parasitics. In this case, a maximum
drain efficiency of 85.2% with a power
gain of 14.6 dB at an input power of 27
dBm is obtained with a sine-wave driv-
ing signal at 200 MHz, as shown in Fig.
5(b).

Doherty Amplifier Using Class-F
Mode

Figure 6 shows the circuit sche-
matic of a Doherty configuration based
on a Class-F mode with a parallel quar-
terwave line for the peaking amplifier
and on a Class-F mode with a series
quarter-wave line for the carrier ampli-
fier using two 28-V 10-W Cree GaN
HEMT CGH40010F devices. Here, a
series quarterwave line also provides
an impedance transformation required
at backoff output power levels.
According to Eq. (1), both carrier and
peaking devices see the same load
impedance close to 50 Q at V_ =28 V
and P = 10 W, assuming the satura-
tion drain voltage of about 2-3 V. The
output quarterwave transmission line
with a characteristic impedance of 35.3
Q is necessary to match with a stan-
dard 50-Q load. The quadrature 90°
hybrid coupler is used at the input to
split signals between the carrier and
peaking amplifying paths.

In this case, the conventional bal-
anced Doherty structure, where both
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Figure 4 ¢ Schematic of inverse Class-F power amplifier with transmission line.

Doherty Amplifier Using Class-F and
Inverse Class-F Modes

Figure 8 shows the circuit schematic of
a Doherty configuration using a Class-F
mode with a parallel quarterwave line for
the peaking amplifier and an inverse
Class-F mode with a series quarterwave
line for the carrier amplifier. Here, a series
quarterwave line also provides an imped-
ance transformation required at backoff
output power levels. The quadrature 90°
hybrid coupler is used at the input to split i ' [ ' [ ' | ! | !
signals between the carrier and peaking 4
amplifying paths. From Eqgs. (1) and (2), it Time (nsec)
follows that the carrier device operating in a).
an inverse Class-F mode sees the load
impedance by 1.5 times greater than the
peaking device operating in a Class-F
mode, thus resulting in an unbalanced
Doherty structure in nominal operation.

As a result, when using an impedance
inverter with the characteristic impedance
of Z =50 Q and an output transformer
with the characteristic impedance of Z, =
35.3 Q, a maximum output power of 43.3
dBm with a drain efficiency of 87.0% and a
power gain of 14.2 dB and a backoff peak 102
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efficiency point at an output power of 38.3 5 a 5' ,I,:, 15 2!:, 2|5 ap
dBm (5-dB backoff) with a drain efficiency
of 80.0% and a power gain of 16.3 dB are
achieved, as shown in Fig. 9(a). In this case,
the DC current flowing through the carrier  Figure 5 ¢ Simulated waveforms, gain, and efficiency of inverse
Class-F GaN HEMT power amplifier with transmission line.

Input power {dBm)
b).
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Figure 6 ¢ Circuit schematic of GaN HEMT Doherty amplifier using Class-F mode.

device is 0.53 A, whereas the DC current flowing through
the peaking device is 0.34 A, demonstrating an unbal-
anced operation condition. To provide the balanced opera-
tion mode with the same DC current of 0.46 A in both the

carrier and peaking ampli-fiers corresponding to a 6-dB

backoff efficiency point, the characteristic impedances Z,

and Z, should be set to 55 Q and 32.3 Q, respectively.
Further increase in the characteristic impedance of

v Gain, dB

o Efficiency, %

the impedance inverter to Z, =
60 Q and the corresponding

100 decrease in the characteristic

Power gain (dB)

impedance of the output trans-
former to Z, = 30.3 Q result in
a maximum output power of
43.8 dBm with a drain effi-
ciency of 85.2% and a power
gain of 15.5 dB and a backoff
peak efficiency point at an out-
put power of 35.8 dBm (8-dB
backoff) with a drain efficiency
of 82.9% and a power gain of
14.0 dB, as shown in Fig. 9(b).
Here, the DC current of the

— a0

(o) Aouarayg

]

Cutput power (dBm)

peaking device increases to
0.54 A, while the DC current
for the carrier device reduces
to 0.38 A. To achieve a 9-dB

Figure 7. Power gain and efficiency of GaN HEMT Doherty amplifier using

Class-F mode.
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Figure 8 ¢ Circuit schematic of GaN HEMT Doherty amplifier using Class-F and inverse Class-F modes.

backoff peak efficiency point, it needs to increase the
characteristic impedance of the impedance inverter to Z,
= 65 Q and to decrease the characteristic impedance of
the output transformer to Z, = 28.3 Q. In this case, the DC
current through the carrier device becomes equal to 0.35
A, whereas the DC current through the peaking device
grows to 0.72 A (maximum allowable drain current for
CGH40010F is 1.5 A). Thus, a 4-dB improvement in back-
off peak efficiency point can be achieved by simply
increasing the characteristic impedance of the impedance
inverter from 50 to 65 Q (1.3 times) and decreasing of the
characteristic impedance of the output transformer from
35.3 to 28.5 Q (by less than 1.25 times).
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P Power Sensors

Using Power Sensors in
Unattended Applications

By Orwill Hawkins

Power sensors are one of the most universal test devices in the microwave industry. They
are utilized in a broad range of applications such as laboratory, manufacturing, and in the field
testing and verification. Power sensors are the “Gold Standard” when
comes to calibrating other equipment or determining or verifying actual
power.

Recent advances in Power Sensors include broadened connectivity
including Ethernet and TTL interfaces such as I2C/SPI TTL along with
added capability such as unattended, autonomous operation, the subject of
this article.

These new sensors are capable of unattended or autonomous operation
including storing the measurements to internal flash. Also a calibrated DC
voltage is available that is proportional to measured power. This is often referred to a Recorder
Out. It is important to note that in unattended operation, these capabilities are available with
no computer connected.

New sensors are
capable of unattended
or autonomous
operation including
storing measurements
to internal flash.

No Computer or Power Meter Connected

One such example is the LadyBug LB5918A Sensor with option UOP (Unattended
Autonomous Operation) employed for this paper. This sensor is capable of making and storing
measurements with no computer or power meter connected. Only 5 Volt power is required. The
self-contained, high-accuracy, fully calibrated sensor includes a user programmable internal
real-time clock with backup, a substantial non-volatile memory for measurement storage, and
a programmable
measurement con-
trol system. In [‘mmem - —
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. Sesmm 3 OpaniChas = - o
atile storage, the |-;;;-;, ----- — : u’-’”""”‘]

THsE
FrATERE VSR 3 P
fraFaE el et
TrasInE VRN T3
Frasmask e L. R

sensor’s Recorder s
Output can be uti- 2
lized in unattended h}m 5]

e by

1di 4 Basic Ualierged (nesion, = || Mo T A 182 B4R
mode, providing |"AZmEnT i me
accurately calibrat- |° . i Ko ki
ed analog output ||- . : E S ik b

preeclil

. Famchuon

for various uses. A ||« ouws
Racoriar g

D2 = a2 #r0F300

I 7rasIenk

: Lonw - ﬂ?r"%'?l: 14 T T

LBS918A  with | s e
Optlon UOoP o 1§ LT T
. . - v PRk kR ber
installed is shown “w' R & R rnTEL 18 3L, 4t
. . P b e - i vt L3000
in Figure 1, along Poawy  WEGED ¥ e HEE. 7
. Mana v HOSMA] £ TIACIONE "D""':""“‘

with the sensor’s || re= uptER e .
(== it

included full fea- |f~wwmm=n

tured application |
operating in the Figure 1 ¢ LB5918A with Unattended m o

background. The Operation Capability. -

34 High Frequency Electronics



Turn Smart Power Sensors into Low-Cost RF Power Meters!

mmnl-c;m P —

PO vy,

USB &
Ethernet

Mini-Circuits’ RF power sensors turn almost any Windows® or
Linux® based computer into a low-cost testing platform for all
kinds of RF components and applications. To give you even
more options, our new PWR-8GHS-RC model allows easy
remote signal monitoring and data acquisition with USB and
Ethernet control.

With 7 different models in stock offering measurement speeds as
fast as 10 ms*, dynamic range as wide as -35 to +20 dBmt, and
measurement capability for continuous wave and modulated
signals, chances are, we have a power sensor to meet your
needs and fit your budget!

OWER SENSORS

ER SENSOR

695
from ea. qty. (1-4)

Our user-friendly GUI provides a full range of measurement
tools including measurement averaging, time-scheduled
measurements, multi-sensor support, and measurement
applications supporting RF testing of couplers, filters,
amplifiers and more! View data and graphs on-screen or
export to Excel® for reporting and data analysis.

All Mini-Circuits power sensors fit in your pocket and come
supplied with all the accessories you need for immediate use
right out of the box. Visit minicircuits.com and place your order
today for delivery as soon as tomorrow! RoHS compliant

Model Power Frequency Control  Price$ea.
Measuerment MHz Interface  (Qty 1-4)
PWR-2.5GHS-75 (75Q) CW 0.1 to 2500 USB 795.00
PWR-4GHS CW 0.009 to 4000 USB 795.00
PWR-6GHS CW 1 to 6000 uSsSB 695.00
PWR-8GHS CW 1 to 8000 uUSB 869.00
NEW! PWR-8GHS-RC CW 1108000 USB &Ethernet 969.00
PWR-8FS CW 1 to 8000 USB 969.00
PWR-4RMS True RMS 50 to 4000 uUSB 1169.00

*Measurement speed as fast as 10 ms for model PWR-8-FS. All other models as fast as 30 ms.

1Dynamic range as wide as -35 to +20 dBm for model PWR-4RMS. All other models as wide as -30 to +20 dBm.
Excel is a registered trademark of Microsoft Corporation in the US and other countries.
Neither Mini-Circuits nor Mini-Circuits Power Sensors are affiliated with or endorsed by the owners of the above-referenced trademarks.

[ JMini-Circuits’

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

(718) 934-4500 sales@minicircuits.com
532 rev B



P Power Sensors

[ @ PMA-12 Precision Power Meter

DS 0= - | Windows - | About

Sersons 3 Opens'Close -

i Songer 81

TA | A | StatUOP | UOP -

I

Py Mo, 5000

Prwarbledmm 20

Mewarbbraram G0

Setalllumbe 155102
4 System

Mosethiurber  LADTEUG TECHNOL

-73.76 dBm

I, Msas Tim iy

h:n

UOP features are
complemented by
Just Measure—
LadyBug’s pat-
ented No-Zero
No-Cal system
that eliminates
user calibration
requirements.
The no-zero, no-cal feature is an essential to usability in
autonomous applications. This sensor is capable of highly
accurate measurements under varying environmental
conditions without user intervention.

In Figure 2 the sensor is logging measurements in
unattended mode. It is not connected or controlled by a
PC. Instead it is powered by a 5 volt USB power adaptor.
After a period of time the sensor can be connected to an
external PC and the logged measurements can be
retrieved. Each measurement is accompanied by a time
and date stamp.

The LB5918A Sensor’s Option UOP has four modes of
operation, Off, Basic, Advanced and Reset. The sensor is
fully self-contained and the settings are stored in the sen-
sor. When UOP mode is set to Off; the sensor functions as
a normal power sensor.

Basic mode is designed to assure maximum function-
ality with minimum setup. Once UOP is set to Basic and
powered up, the sensor will collect measurements until
its memory is full. If power is lost and then restored the
sensor will resume unattended operation. Setting Basic
when using the sensor’s factory default settings (Preset),

LB5918A

Figure 2 in

Unattended Mode.
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Figure 3 ¢ Set Frequency to 1.8 GHz & Averages to 10.

will cause the sensor to immediately begin making and
storing measurements. Adjusting the measurement setup
is easy. Basic Unattended mode utilizes the sensor’s cur-
rent measurement setup and parameters. Simply set up
the measurement parameters with UOP set to Off. Then
set UOP mode to Basic. Once this is done, the sensor
begins making and storing measurements. No computer
or power meter is required. The sensor only requires
5VDC to operate. Again, if power is lost, then restored,
the sensor will automatically resume unattended opera-
tion.

UOP mode must be set to Off to use the sensor for
normal operation. As with all power sensors, frequency
and averaging are important parameters. These should
be set to achieve high accuracy, refer to Figure 3. To start
unattended operation, set the Measure button to Single
then click Start UOP as shown in Figure 4.

Measurements and storage commence as soon as
Start UOP has been clicked. If power is removed and
restored at a later time, the sensor will simply start
appending additional measurements to the sensors non-
volatile memory.

All measurements are stored sequentially in memory
on a real-time basis. Measurements are time stamped
using the internal RTC (real-time clock). The RTC system
includes a backup that will maintain the clock for at least
a day when the sensor is not powered. The real-time
clock’s crystal is disciplined by the sensor’s high accuracy
time base when the sensor is powered. This system pro-
vides the user very accurate time stamp unattended
measurements.
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described above. The entire
demonstration used only 231
measurements of the sensor’s
50,000,000+ measurement
storage capability while using
Basic mode. The data marked
Initial UOP Start up was col-
lected after starting UOP and
before the sensor was discon-
nected from the computer.
Data marked PLL Output
#  Measurements began at mea-

dBm

Figure 4 ¢ Sensor Settings.

Demonstration

To demonstrate unattended operation, a PLL demon-
stration board was used as shown in Figure 5. The board
was set to generate 1.8 GHz at various power levels.
Prior to running the demonstration, the sensors unat-
tended memory was cleared by selecting UOP then
Clear UOP Memory in LadyBug’s Precision Power Meter
Application. Frequency and Averaging were set as
shown in Figure 3.

A separate source was connected to the sensor when
the computer was used to initiate UOP. Since the sensor
begins storing measurements as soon is UOP is set to
Basic, measurements were stored while the computer
was still connected. The source level was toggled before
the sensor was disconnected from the computer. The ini-
tial signals were logged as shown below in Figure 6,
which details a portion of the 231 stored measurements
that were made during the entire demonstration. When
UOP memory is retrieved, the sensor returns an index
number; date & time stamp; measured power and flags, if
present, for each measurement.

Upon completion of the unattended PLL measure-
ments, the sensor was reconnected to the computer and
the UOP mode returned to Off. Prior the setting the con-
dition to Off, a few measurements were automatically
logged at the noise floor when the sensor was connected.
These are shown and noted on the right of the graph in
Figure 7.

Data was retrieved from the sensor using the PMA-12
application by selecting the UOP dropdown then Retrieve
Data. A window opens that lists the available measure-
ments. Maximum was selected and all available data was
downloaded. The list of 241 stored measurements is par-
tially displayed in Figure 6, the entire list was several
pages long.
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surement index 21 and is the

data collected from the board.

Power was set to three differ-

ent levels measuring -38.9 dBm, - 9.7 dBm and 0.4 dBm.

Finally, the data marked Measurements made while con-

nected to stop UOP were made when the sensor was

reconnected to the computer just prior to turning off UOP.

These data are all shown in the graph shown in Figure 7.

At the demonstrated averaging and storage rate, the

sensor could log measurements without interruption for
over 250 days provided power was supplied.

Other Information

Specific measurement data can be downloaded by
specifying a beginning and ending index number. Large
blocks of data can be downloaded from the sensor by
selecting two or more ranges of measurement indexes.
Using the copy button shown in Figure 6, very large or
small blocks of data can be pasted into EXCEL or various
other programs that use Windows’ copy and paste system.

Figure 5 ¢ Test Setup.



Best in Class!

2801 Series

Flexible/High Frequency/Low Loss Cable Assemblies
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The 2801 Series cable assemblies offer the “lowest loss in the industry” at frequencies
up to 18 GHz. The cable features a multi-ply concentrically laminated dielectric of
expanded PTFE, double shielding and a standard FEP jacket per ASTM D-2116. Options
including LOW SMOKE/ZERO HALOGEN polyurethane jacketing and TUF-FLEX internal
armoring are available for applications requiring enhanced mechanical protection.
SMA, precision TNC and N Type connectors are standard for frequencies up to 18 GHz.
C, SC and 7-16 connectors are also offered.

Specifications

Impedance: 50 ohm RF leakage, min: -100 dB to 18 GHz
Time delay: 1.2 ns/ft. Temp range: -65°Cto +165°C
Cut off frequency: 18 GHz Cable outer diameter: 0.31"
Capacitance: 24 pf/ft. Velocity of propagation: 83%
Weight: 7.8 1b./100 ft. Flame retardant rating:  UL94-VO
Max RF Power inI Watts Attenuation in dB/100 ft
20°C at Sea Leve
Max RF Power at 20°C & Sea Level Attenuation in dB/100 ft INSU LATE D WI RE' I NC.
., 203.791.1999
i, WWW.iw-microwave.com
x sales@iw-microwave.com
Watts | dB ¢
. Frequency (Gl"|z) ) Frequency (GI:{z) Scan Code to flnd
Call us today with your project specs and we’ll show you the most reliable way to out how you can
get connected in the industry. get connected

We're how the microwave industry gets connected!
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Figure 6 ¢ Table of Collected Data.

Alternatively, data can be saved to a CSV (comma
separated value) text file that can be opened by various
programs including EXCEL. This can be particularly use-
ful for large amounts of data and for users that wish to
share data by email etc.

Advanced measurements can also be made while the
sensor is operating in unattended modes. This includes
internal and externally triggered measurements. For

s
detailed performance.
T MMIC Summary

Frequency G, P, Eff

'ss 508 (50B)

(GHz) (dB) (dBm) (%)

V,() 1A ECCN

25,90 05,09 EAR99

0.96 3A001.b.2.a

pulse width, 10% duty cycle. They also work in CW mode at lower bias
ith slightly reduced output power.
peration.

~ fmcom

COMMUNICATIONS
The RF Power House

(301) 353-8400
info@amcomusa.com
WWW.amcomusa.com

Get info at www.HFelink.com
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Figure 7 ¢ Graph of Logged Measurements.

example, internal or external triggering functions can be
setup while the sensor is not in UOP. Once the measure-
ment is setup and confirmed, UOP Basic can be started
and the measurements will be made based on the trigger-
ing that was just setup and confirmed.

Recorder Output can be activated and used while in
unattended autonomous mode. Recorder Output and
Trigger Output share the same physical connection, and
are controlled in the Output section in the sensors left
control pane. Trigger Out is disabled when Recorder Out
is in use.

The sensor can be powered by a USB power only cable,
or if it is equipped with option SPI it can be powered
through the SPI connection. A USB battery pack of suf-
ficient capacity may be utilized (similar to the USB power
supply shown in Figure 2). The sensor requires 5 volts at
500 Ma.

Unattended Autonomous applications include remote
monitoring, unattended analog output applications,
transmitter monitoring and triggered warning systems,
portable equipment, and defense applications. The exam-
ple sensor is designed for use in automated test equip-
ment as well as isolated usage. It’s very stable and accu-
rate time base makes it suitable for long term monitoring
as well as short term applications.

About the Author

Orwill Hawkins serves as Vice-President of Marketing
at LadyBug Technologies, Santa Rosa, Calif. He has over
three decades of management, marketing, engineering
and manufacturing experience, and extensive hands-on
design and manufacturing experience in the RF, analog,
and digital fields. Among the many products he has
designed and marketed are a self-contained RF field dis-
turbance burglar alarm system, a sailboat speedometer,
and various robotic servo systems. Additional inventions
include a prototype oscilloscope, a CNC cutting system,
and various other analog, digital and RF projects.
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P Product Highlights

Real-Time Spectrum Analysis

At this month’s EuUMW show, National Instruments
featured new LabVIEW FPGA programmable solutions
for spectrum monitoring and electronic warfare applica-
tions. These solutions include a real-time spectrum analy-
sis demonstration using NI’s new controller for FlexRIO.
The NI Controller for FlexRIO combines with wideband
RF transceiver adaptor modules to produce a rugged and
deployable radio platform.

National Instruments
ni.com

L-3 NARDA-MITEQ ...YOUR BEST RESOURCE FOR

RESPONSIVE CUSTOM ENGINEERING

Frequency Synthesizer

Micro Lambda’s MLSP series of low noise frequency
synthesizers cover up to 33 GHz. Standard models include
MLSP-1829 covering 18 to 29 GHz and MLSP-2333 cover-
ing 23 to 33 GHz. Step sizes are programmable from 1
kHz and up using 5 wire SPI or standard USB control.
Units are available with internal crystal reference, exter-
nal crystal reference or both. Output power levels of +13
dBm are provided.

Micro Lambda Wireless
microlambdawireless.com

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. We also invite you to see us at
MILCOM 2015 in L-3’s Booth 503.

ﬁ m L-3com.com

Narda-MITEQ

Get info at www.HFelink.com
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SUPER ULTRA WIDEBAND

AMPLIFIERS

up to +27 dBm output.. 0.1t021GHz

Ultra wide coverage and super flat gain make our ZVA family ideal
for ECM, instrumentation, and test systems. With output power up
to 0.5 Watts, they’re simply some of the most usable amplifiers you'll
find, for a wide range of applications and architectures!

All of our ZVA models are unconditionally stable, ruggedly
constructed, and able to withstand open or short circuits at full
output. For more details, from data sheets to environmental ratings,
pricing, and real-time availability, just go to minicircuits.com!

All models IN STOCK! 9 RoHS compliant

w O4D..

Electrical Specifications (-55 to +85°C base plate temperature)
Model Frequency Gain P1dB IP3 NF  Price$*
NEW (GHz)  (dB) (dBm) (dBm) (dB) (Qty.1-9)
ZVA-183WX+ 0.1-18 282 27 35 3.0 1345.00
ZVA-183X+ 0.7-18  26=1 24 33 3.0 845.00
ZVA-213X+ 0.8-21 26+2 24 33 3.0 945.00

* Heat sink must be provided to limit base plate temperature.To order
with heat sink, remove “X” from model number and add $50 to price.

Wideband Performance

183W+

183+

213+

0.1 0.7 0.8 Frequency (GHz) 18 21

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
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— Sumis o AKELA VNAs are available in two models to meet a range of production
e Sabes 3 b sie || test requirements from 125 MHz to 6 GHz at deterministic sweep times as low

as 6ms (51 points).
The AKELA VNA was designed for networked operation from the ground
up, without the interference of middleware or the inconsistent latency of USB

el ] Femgerstrel ] connections. The user’s software, based on the AKELA API, has direct access
ey i to the hardware, and sweep timing is completely deterministic.
i F e e e e Several vendors have moved some functionality to the PC to save cost, but
Bl e (=3 w Fome |00W O, High Aaoeescy . . . .
i r T e Comprag e rase sy otherwise work hard to emulate the industry-standard benchtop units, requir-

e ing proprietary middleware to access the hardware. To AKELA, “Open” means:

e Completely software-defined operation, with APIs for multiple environ-
ments.

e Freedom to create custom sweep patterns beyond segmented sweeps -
even adaptive sweeps.

e Capability to create application-specific algorithms for calibration and
test fixture correction.

¢ Connection of multiple VNAs to a single host running a single customer-
written application program.

| Specifications
:_r.'jtl':.." i‘i;'::;::ih'ﬁ..' ] 'ﬁ;&ﬁ:’:;ﬂm AKELA VNAs are available in two frequency ranges to meet the needs of
mw.-: onea _ 2o a range of production test requirements. Visit our website for complete speci-
[Eommeitar | Sham-Famass SAAA_Furmain fications: AKELA VNA Model 2a (125 MHz — 2 GHz); AKELA VNA Model 6a

(375 MHz - 6 GHz).
AKELA

Get info at www.HFelink.com akelavna.com

|l
|Temwe|| Temstron Corporatlon|ﬂ, = %2
: 008 RoHS = REACH = Made in Taiwan
Contact mfo@temwe” comtw Tel: +886-2-25652500 Website: www.temwell.com.tw
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Do Your Test Cables
Measure Up?

-
i @

For dependable,
high-performance broadband test
cables at a reasonable price, Dynawave has
introduced their DynaTest™ Series Test Cable Assemblies

DynaTest™ assemblies are available for rapid delivery in three -
standard lengths - 24 in. (609 mm), 36 in. (914 mm), and 48 in. (1219 mm)
with SMA (DC to 26.5 GHz) and Type N (DC to 18 GHz) connector options. .
These phase-stable cables are highly flexible and offer excellent strain relief for
long service life.

All DynaTest™ cable assemblies are 100% RF tested and ideal for production, ATE and engineering lab testing.

Learn more at www.dynawave.com/dynatest
In Stock Now for Inmediate Delivery!!

MICROWAVE__ o0 SoGiD00
C O M P O N ENT S[ B

CERTIFIED

i

Phone: (888) 591-4455 or (772) 286-4455 Fax:(772) 286-4496
ek, * E-Mail: admin@microwavecomponentsinc.com ® Web Site: www.microwavecomponentsinc.com



PRODUCTS
TO SOLUTIONS

RF Products

. e, B
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 ‘!B:j
ii. Absorptive: 40dB min #
* Complete solid state G Vi‘
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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P Product Highlights

Power Sensor Software Controls Multiple Sensors, Enables Compara-
tive Measurements

LadyBug Technologies’ new Precision Power Meter PMA-12 supports a
broad range of Power Sensor functions. The application provides an ideal user
interface for measuring a host of RF signal parameters and is included with
LadyBug’s LB5900 series True RMS Sensors. In addition to reporting and visu-
alizing RF power in many ways, the software manages the sensor’s extended
functions such as its advanced Unattended Operation feature (Option UOP).
The application is capable of controlling many sensors at once and can make
comparative measurements between sensors. These advanced features com-
bined with LadyBug’s patented no-zero no-cal make an ideal solution for the
laboratory, production facility and ATE industry.

LadyBug Technologies
ladybug-tech.com

Handheld Analyzer

Keysight Technologies added six millimeter-wave models to its family of
FieldFox handheld analyzers. The flagship model is the industry’s first hand-
held combination analyzer to provide coverage to 50 GHz. With more built-in
capabilities than similar analyzers, FieldFox can replace three or four single-
function instruments — benchtop or handheld — that are typically used for
maintenance and troubleshooting of systems that operate at or above Ka-band
frequencies.

Keysight Technologies
keysight.com



P Product Highlights

Block Downconverter

Model SNG-12-01 is a full E-Band block downconverter. Its primary function is to
extend the testing capability of low cost, low frequency noise figure meters. It also allow
noise figure testing of E-Band devices without a noise figure meter, using the Y-factor
method. It is also versatile for use with various other applications. With a low cost design,
Model SNG-12-01 is an affordable expansion to millimeter wave labs that do not have the

budget for large scale equipment.

Ducommun
ducommun.com

177

Attenuators

MECA announced the addition
to its 662 series, 2 watt SMA atten-
uators operating now up to 6 GHz.
The 662-dB-1F6 series attenuators
cover all wireless applications from
Hz - 6.0 GHz and available in
standard values of 3, 6, 10, 20 &
30dB. And as always made is USA
carrying MECA’s 36 month war-
ranty.

MECA Electronics
e-meca.com

Splitter

Mini-Circuits’ ADP-2-122-75+
is a 2 Way-0° 75Q, 5 to 1250 MHz
power splitter/combiner that fea-
tures: wideband, 5 to 1250 MHz;
low insertion loss, 0.9 dB typ.;
aqueous washable; protected under
U.S. Patent 6,133,525. Applications:
DOCSIS® 3.1 Systems; cellular;
VHF/UHF; communication sys-
tems; CATV.

Mini-Circuits
minicircuits.com

KRYTAR

Microwave Components & Instruments
bC to 67 GHz

N

Directional Couplers

to 67 GHz to 50 GHz

3 dB 90° Hybrid Couplers
to 40 GHz

§4¢

Detectors
Zero Bias
Schottky
Planar Doped
Barrier Planar
Tunnel Diode
Threshold Detectors
to 40 GHz

Double Arrow 3 dB 180°
Hybrid Couplers to 26.5 GHz

Adapters: DC to 67 GHz

In Series: SMA, 2.92 mm, 2.4 mm =aanal
RF & Microwave Eaiy . Terminations
L Between Series: 2.29 mm to 2.4 mm BT Gl
100 KHz to 40 GHz Broadband Limiters sk
Pin-Pin Diode
Pin-Schottky Diode to 18 GHz

MIL Qualified Components Available

(= KRYTAR' 1288 Anviwood Ave. Sunnyvale, CA 94089
Toll Free: (877) 734-5999 » Fax: (408) 734-3017 - sales@krytar.com
www.krytar.com lists complete specifications and application ideas for all products

Directional Detectors

MLDD Power Divider/
Combiner to 45 GHz

oo B

Get info at www.HFelink.com
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P Product Highlights

Tower-Mounted Amp

interference.

Radio Frequency Systems introduced new Tower-Mounted Amplifiers (TMAs) with
Variable Gain for 700MHz, PCS and all AWS frequencies. TMAs are very effective in
increasing uplink performance for Vaoice-Over-LTE (VoLTE) service and enhancing system
flexibility. TMAs are increasingly being deployed to overcome limitations of LTE. The LTE
system takes advantage of the added uplink gain provided by a TMA, reducing overall

RFS
rfsworld.com

QuickSyn Synthesizers
Now Extended to mmW

Low Phase Noise and Fast Switching
With USB/SPI Control

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

and embedded systems where bulky benchtop solutions were the only choice.

Feature FSL-2740 FSL-5067 FSL-7682 + 0 \ HH o

2 70 —67GH
(F;Ezq”ency 271040 501067 761082 EOLN “oon
Switchin g 0 N
Speedms 100 100 100 ; o i HH
Phase Noise -108 dBc/Hz -105 dBc/Hz -103dBe/Hz | © 1 I
at 100 kHz at40GHz  at67GHz at82 GHz 10 HH ;:g%
Power (min
Fguer (min) 17 17 +10 2 ol ] i
Output 00 1k 10k 100k M 10M 100M
Connector 292mm  185mm  WR-12 OFFSET FREQUENCY (Hz) —»—

ni-microwavecomponents.com/quicksyn

877 474 2736
‘7 NATIONAL
’ INSTRUMENTS
©2015 National Instruments. All rights reserved. National Instruments, NI, and ni.com are trademarks of National Instruments.

Other product and company names listed are trademarks or trade names of their respective companies.

Get info at www.HFelink.com
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Filters

New high-reliability, ceramic
waveguide filters deliver perfor-
mance comparable to Air-Cavity for
next-generation size optimized sys-
tem requirements. These new fil-
ters deliver the isolation and rejec-
tion required for 4-10W at Antenna
MetroCell base stations and remote
radio head, as well as medium-
power DAS systems.

CTS

ctscorp.com

Filter Design

Nuhertz Technologies
announced an improvement to its
FilterSolutions® program allowing
increased automation and accuracy
in the design of asymmetric fre-
quency response bandpass filters.
Bandpass filter designs do not
always require the symmetric
attenuation response on each side
of the pass band. FilterSolutions
provides a fast, accurate, and auto-
mated methodology for setting
asymmetric design parameters.

Nuhertz Technologies
nuhertz.com



Instantly Improve the
Performance of Your
Phased Array Radar!

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

Not anymore!

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

Typical PhaseTrack TF4™ Performance Typical Low Density PTFE Performance

PRASETIACK TFA™ m—mm
Tracking I'Illmluw*‘

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

* Frequency ranges to 40 GHz

* Wide range of connector types available

* Best Phase Tracking and Absolute Phase Change performance available

fTMES MICROWAVE SYSTEMS

An Arnphanal Company



P Product Highlights

Power Amp

Richardson RFPD, Inc. announced that it is stocking a
new benchtop power amplifier from TriQuint/Qorvo. The
RM022020 features Qorvo’s patented Spatium™ combin-
ing technology to provide unprecedented performance in
a general purpose laboratory bench top amplifier for
applications that include lab work, test and measure-
ment, load pull, EMI test, and anechoic chambers and test
ranges.

Richardson RFPD
richardsonrfpd.com

High Performance
Instrument Grade Subsystems

« RF Synthesizers

* RF Upconverters

* RF Downconverters
* RF Components

« Frequency up to 20 GHz
* Low Phase Noise

* High Dynamic Range

* Military and Commercial

“y

SignalCore

RVING S51¢ NTEGRITY

WWW.SIg nalcore.com

Get info at www.HFelink.com
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Size #8 to SMA Adapters

SGMC Size #8 to SMA Adapters are Precision
Between-Series Adapters that feature: DC - 18 GHzgz;
VSWR: 1.15:1 Max; Blindmate Interface; Body & Contact:
Heat Treated Beryllium Copper/Gold Plated; Dielectric:
PTFE (Teflon); O-Rings: Fluorosilicone Rubber; Epoxy
Captivated. SGMC Microwave’s hallmarks are always:
Quality, Performance, & Reliability.

SGMC Microwave
sgmemicrowave.com

| GOWANDA

Broadband Comcals

Tel: +1.716.532. 2234 Ermail; sales®gowa

AAA gowanda com;’cumcal
. A

Get info at www.HFelink.com



Give your next amp d___boosi with

- RO4360

6.15 Dk High Frequency I.amlnaiesf‘

Features
 High dielectric constant

e Low loss

* High thermal conductivity

* Low Z-axis CTE (30 PPM/°C)
When amplifier designers RO4360G2 laminates deliver for reliable PTHs

asked, Rogers listened and the low loss and high thermal . Total Cost Solution
developed RO4360G2™ high- conductivity sought by amplifier e Priced better thar alfermeiies
frequency laminates. These designers. Suitable for a variety S e sricatior @ ok

thermoset materials feature a of commercial and industrial ap-
plications, RO4360G2 laminates Ease of Fabrication

|deal for multilayer circuits

powerful balance of high per-
formance, low cost and ease of can be processed similar to FR-4 &
& o Ml - d . Suitable for automated
processing in a laminate with a  support lead-free, RoHS-compliant assembly lines
dielectric constant of 6.15. manvufacturing practices. Processes similar to FR-4

Lead free, RoHS compliant

EUROPEAN
MICROWAVE

WEEK 2015
Sept. 8-10

Palais Des Congres,
Paris, France

Stand #263

ROGERS

CORPORATION

www.rogerscorp.com/rogmobile

Visit www.rogerscorp.com to learn more about our full line of High Frequency Laminates

USA - AZ, tel. +1 480-961-1382 « EUROPE - BELGIUM, tel. +32 9 235 3611
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Power Dividers

MECA announced the latest in its broad band line of
power dividers with the type N model (80X-4-3.250WWP).
Available in; 2, 4, 8 & 16-Way, 30W Wilkinson Power
Dividers, optimized for excellent performance with indus-
try leading specifications from 500 MHz — 6.00 GHz. IP67
rated and suited for indoor and outdoor app’ns. Typical
VSWRs from 1.20:1 to 1.30:1, Isolation of 17 - 20 dB
minimum while offering phase and amplitude balance
typically only seen in narrower/octave band models.

MECA Electronics
e-meca.com
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Cable App Note

SV Microwave released the Application Note for its
Rapid Response Cable Assemblies. Use its interactive RF
cable builder to build cables that ship in 5 business days.
Customers can choose from a variety of in-stock standard
connector series and cable types for miniature and low
loss coaxial assemblies. The RF Cable Builder generates
a custom data sheet complete with part number, technical
specifications and pricing.

SV Microwave
svmicrowave.com

BETTER PRODUCTS / BETTER COMMUNICATIONS

MECA’'s New mmWAVE Products
MECA Electronics (Microwave Equipment & Components of America)
has served the RF & Microwave industry with equipment and passive
components since 1961. Mow with expanded capabilities up to 40
GHz including Power Dividers, Couplers, Attenuators, Terminations
and Isolators. MECA is a privately held 1SO2001:2008 registered
global designer and manufacturer for the communications industry

with products manufactured in the USA.

Switches

Ducommun offers two types of sin-
gle-pole-double-throw (SPDT) manual
coaxial switches for all applications.
Current options range from DC to 3
GHz up to 50 Watts (CW) of power. For
additional information regarding
Ducommun’s manual coaxial switches,
please contact a sales representative.
Ducommun Inc. RF Products has design
Engineers who can create custom ver-
sions for your specific applications.

Ducommun

Get info at www.HFelink.com
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P Product Highlights

One-Component Epoxy

Combining simple handling properties with high strength, Master Bond
Supreme 10HTF-1 is a single part adhesive/sealant for a variety of applications
in the aerospace, electronics, optical, specialty OEM and related industries. At
room temperature, this smooth paste system has an “unlimited” working life and
cures rapidly at elevated temperatures. For example, typical cure schedules for
Supreme 10HTF-1 are 5-10 minutes at 300°F or 15-20 minutes at 250°F.

Master Bond
masterbond.com

Impedance Matching Pads

Models 851-879-FM3 and 851-
879-MF3 are 50 to 75 Ohm imped-
ance matching pads that operate
DC - 3 GHz. The RF connector
configurations for both are 50 Ohm
SMA (male or female) to 75 Ohm F
(male or female). Insertion loss is
5.7 dB nominal and VSWR is 1.50:1
maximum. The passive elements
used to manufacture these resis-
tive matching pads insure good
impedance translation in wide-
band applications.

BroadWave Technologies
broadwavetechnologies.com

803358
1

K3H5 2715
311311

-

High Pass Filter

Bree Engineering model num-
ber 803358 is a 2.0 - 18.0 GHz High
Pass Filter with less than 1.2 dB
(<1.0 dBa typical) of insertion loss
at 2.0 GHz to 18.0 GHz, 14 dB
return loss (17 dB typical) over 2.0
—18.0 GHz, and rejection of 40 dBa
minimum at <1650 MHz and 70
dBa minimum at DC-1500 MHz.
Package size is 1.50 X 0.50 X 0.40
inches, SMA-F  Connectors.
Otherconfigurations available
upon request.

Bree Engineering
breeng.com

- Classic Designs
S ' Are Timeless®

Just like the . . . L

legendary Ford Built
GT500 Mustang classic design...

¢ ., @
[}

Lansdale Semiconductor still manufactures some of the most popular... and
timeless commercial wireless, telecommunications, military and aerospace
integrated circuits (ICs) classic designs.

As a global pioneer in IC products life cycle management, Lansdale manufactures
over 3,000 classic design ICs in the original package, exactly as they were created
and produced by AMD, Farchild, Freescale Semiconductor, Harris, Intel, Motorola,
National, Philips (formerly Signetics), and Raytheon.

Our exclusive life cycle management program assures you of a dependable,
continuous, cost effective, and high quality source of classic designed ICs today...
and tomorrow!

This means Lansdale eliminates the need to go to the time or expense of designing
in a replacement part or even doing a complete product redesign — not when we still
make ‘em... exactly like they used to.

Log on to our Web site at www.lansdale.com to review our
up-to-date product listings and data sheets.

LANSDALE %
@Zm@mﬁwﬁ’z/, he.

Contact Sandi@Lansdale.com today.

5245 South 39th Street

Phoenix, AZ 85040-9008

Phone: 602.438.0123  Fax: 602.438.0138

Get info at www.HFelink.com
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LNA

Model SBL-6539032040-1212-E1 is a low noise ampli-
fier with a typical small signal gain of 20 dB and a nominal
noise figure of 4 dB in the frequency range of 65 to 90 GHz.
DC power requirement is +8 VDC/20 mA nominal. Input
and output port configurations are both WR-12 wave-
guides with UG-387/U flanges. The mechanical configura-
tion is an inline structure. Other configurations, such as
right angle (90 degree) and coaxial (1 mm) inline structure, are also available.

SAGE Millimeter
sagemillimeter.com

Making the Connection
to your Solutions

Coupler L
Precision

Waveguides

Patented “Boss & Jack”
Precision Waveguide Intetface

Variable Attenuator

Innovation in Millimeter Wave Measurements

www.omlinc.com
(408) 779-2698

Get info at www.HFelink.com
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Splitter

Mini-Circuits EP2C+ is a MMIC
splitter/combiner designed for
wideband operation from 1800 to
12500 MHz. This model provides
excellent power ratings in a tiny
device package (4x4x1 mm), with
up to 1.85W power handling (as a
splitter) and up to 0.4A DC current
handling. Manufactured wusing
GaAs IPD technology, it provides a
high level of ESD protection and
excellent reliability.
Mini-Circuits
minicircuits.com

GaN Transistors

Richardson RFPD announced
availability and full design support
for two new GaN transistors from
Qorvo. The 5W TGF3020-SM and
30W TGF3021-SM input-matched
transistors enable high linear gain
and power efficiency in low-cost,
space-saving surface-mount plastic
QFN packages. The integrated
input matching network enables
wideband gain and power perfor-
mance, and the output can be
matched on-board to optimize
power and efficiency for any region
within the band.

Richardson RFPD
richardsonrfpd.com
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VNA Extension Modules

OML’s VNA Extension modules extend from 50 to 500
GHz and are compatible with many modern vector net-
work analyzers. Enabling engineers to conduct mm-wave
S-parameter measurements; these modules also include
options for variable attenuation, amplification in RF &
LO paths, low power and intermodulation. Contact OML
to specify the needs for your solution.

OML
omlinc.com

i's 17th Annual

GI% bal

GaN Amp

Model AMP4002P is a Solid-State X-Band High Power
GaN Amplifier featuring 500W typical and 400W mini-
mum pulse peak power over 9.1 - 9.5 GHz, Class AB lin-
ear operation GaN housed in a small form factor 19”rack.
It incorporates an internal filter for -60 dBc Max harmon-
ics and features a state of the art controller capable of
supporting Ethernet TCP/IP, RS422/485 and remote
Bluetooth connectivity. Other configurations available
include 9.5 — 10 GHz, 400W and 9.1 - 9.5GHz, 1KW.

Exodus Advanced Communications
exoduscomm.com

—»SMIi

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

N>
1SS

OPENING MINISTERIAL ADDRESS: Philip Dunne, Minister of State for Defence Procurement, Minisiry of Defence

MILITARY AND GOVERNMENT SPEAKERS ALSO INCLUDE:

Air Commodore John Philliban, Head Joint User of C4ISR, Joint Forces
Command, Ministry of Defence

Deanna Ryals, Chief, Infernational MILSATCOM, U.S Air Force
Lieutenant Colonel Abde Bellahnid, Directorate of Joint Capability,
SATCOMS & SAR Requirements, Canadian Department of National
Defence

Brigadier General Jozef Nasiadka, Chief of Command and Control
Directorate - J6, General Staff of the Polish Armed forces
Commodore Christian Anuge, Deputy Director, Defence Space
Agency, Nigerian Navy

www.globalmilsatcom.com

in Global MilSatCom Community ﬂ #GlobalMilSatCom

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

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

Komei Isozaki, Director, Space Policy Office, Ministry of Defence
Japan*

* Subject to Confirmation

LEAD SPONSOR S E S

your satellite company

ﬂ @SMiGroupDefence

Get info at www.HFelink.com
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PERFORMANCE

INNOVATION

SuperMini Board-to-Board
DC to 67 GHz Connectors assure
transmission line reliability for PCBs
stacked as tightly as 3 mm.

BENé

1.0mm (W) DC to 110 GHz
Connectors offer superior
performance for high-frequency flange
mount, thread-in, board mount and
cable applications.

Low VSWR
Low Insertion Loss
Low RF Leakage
High Temperature
Rugged and Durable
Excellent Repeatability

v

SOUTHWEST
MICROWAVE

www.southwestmicrowave.com

See us at
International Test Conference
Booth 417

Get info at www.HFelink.com
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Signal and Spectrum
Analyzer

The  high-perfor-
mance R&S®FSW sig-
nal and spectrum ana-
lyzer was developed to
meet demanding cus-
tomer requirements.
Offering low phase
noise, wide analysis
bandwidth and straight-
forward and intuitive
operation, the analyzer makes measurements fast and easy. Features: Frequency
range from 2 Hz to 8/13.6/26.5/43.5/50/67/85 GHz (with external harmonic mix-
ers from Rohde & Schwarz up to 110 GHz); Low phase noise of ~137 dBc (1 Hz)
at 10 kHz offset (1 GHz carrier); Up to 2 GHz analysis bandwidth.

Rohde & Schwarz
rohde-schwarz.com

Amplifier

Model SBL-9031042540-1010-E1 is a
low noise amplifier with a typical small
signal gain of 20 dB and a nominal noise
figure of 4 dB in the frequency range of
90 to 100 GHz. DC power requirement is
+8 VDC/30 mA nominal. Input and out-
put port configurations are both WR-10
waveguides with UG-387/U-M flanges.
The mechanical configuration is an
inline structure. Other configurations,
such as right angle (90 degree) and
coaxial (1 mm) inline structure, are also
available.

SAGE Millimeter
sagemillimeter.com

NEW! NEW! NEW!
We stock the new rugged FREESCALE 1KW transistor and
parts for the 2M and 88-108MHz amplifier designs.

" [l %

COAX WIRE

” TCAZ TC8 l’d*'l'md_mugm
2 1o JOMHz Tc?:.;m 2 to M0MHz
HF amplifiers N .
Wo stock the complets perts s C C | Communication
and PC boarda for the Motorala
aregalifiar chosicgrin fostured in Concepts, Inc.
thair Application Notes s .
e B 508 Millatane Drive, Beavercresk, OH 45434-5840
g Email: col.daytoniipoboncom
ANTTEL (W) ANTSE (300W) mmmmumnﬁnﬂpum
ANTTEH (200 AR3DS (3D
Phana [337) 426-8600
ANTER (140W)  ARITI [300W) ptad e
EBEIA (4OW) EB104 (oow) | T FAX. (I3T) 429-3801 -
EBaTA (300m) ARMT (000w BB | == -]

Get info at www.HFelink.com



Product Showcase

754 Fortune Cr, Kingston, ON
K7P 2T3, Canada.
613 384 3939
info@astswitch.com

When on_ly ie best will do

tack free ti

HFE’s Product Showcase

ut
when it’s displayed in our

mmutes

at 75°F at more than
50% humidity

& MASTERBOND

Silicone Compound MasterSil 711 i

Tel : 201-666-6698
Fax: 201-666-6698
joannee

highfrequencyelectronics
www.masterbond.com .com

+1.201.343.8983 » main@masterbond.com

Waveguide Components
from 2.6GHz to 110GHz

ISO, 8001 CERJT.
= g iy [

CE gmark 1

SATELL WH INC.
3525 MILLER 'I‘:-IH'.H DR,
JARLAND, TX 75042
CALL (972)487-1434
FAX (972)487-1204

RF Bay, Inc.

o ®

10GHz Divide-by 13 Prescaler 850-950MHz 10W Power Ampifier 100KH: - 10GHz RF Amglifier
* Low Noise Amplifier -Voltage Control Oscillator
* Power Amplifier * Phase Locked Oscillator
* Frequency Divider * Up/Down Converter
- Frequency Doubler - RF Power Detector
- Frequency Mixer - RF Switches

RF Bay, Inc.

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

WV Oy t'.rd..uliia and LACEEl Ol 'I.n.l'h..a-

¥e offer Switches For any applicanon
HIi-REL, MILITARY, COMMERCIAL

roam design to deliveny, ail under one ool
Offering the Finest in Microwave Switches Sinoe 11




P Tech Focus

Myriad Trends Drive Micro
Connector Growth

By Mike Higashikawa and Darren Schauer

It’s not enough for micro connectors to be small. They must also be tough, meeting the same
performance standards as larger connectors while being robust enough to survive being assem-
bled into a finished product.

As the quality and durability of micro connectors has grown, so has their
use in a wide range of products. The market for micro connectors—including
subminiature, micro miniature, and ultra-micro miniature connectors—is
growing for several reasons.

One is the booming market for commercial products, such as mobile
phones and other handheld devices. As the use of these products grow, so
does demand for smaller and lower-profile components. Other key markets
include aerospace and defense (A&D) and medical. As electronic devices are downsized and
become more complex, printed circuit board (PCB) real estate becomes more valuable, hence the
need for smaller and smaller connectors.

Getting a Handle on Handheld

The enormous size of the handheld device market is driving the development of micro connec-
tors capable of very high data speeds. For example, 10 Gbps board-to-board connectors are com-

From smartphones to
radar installations,
micro connectors enable
more powerful, smaller-
footprint devices

Figure 1 ¢ SlimStack ArmorTM 0.35mm-pitch connectors from Molex, which are de-
signed for mobile device and other tight-packaging applications, deliver up to 3.0A of
extra power via protective metal covers. Molex image.
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mon, and some advanced miniature board-to-board con-
nectors can handle up to 20 Gbps.

The connectors used in these applications are extreme-
ly small. For example, Molex offers board-to-board connec-
tors as small as 0.35mm pitch and flexible printed circuit
(FPC) connectors as small as 0.20mm pitch. Connector size
depends on the application. For example, PCB production
places a very high premium on space, and smaller connec-
tors will provide more space for other components, making
the designer’s job easier.

In addition to being robust, micro connectors must also
be user-friendly. For example, Molex added metal cover
nails on some board-to-board connectors to protect the con-
nector housing wall by making it stronger and less prone
to breakage during assembly. SlimStackTM Armor board-
to-board connectors, which have mated heights as low as
0.60mm, are available with metal cover nails that can
handle power while also protecting the housing wall dur-
ing assembly. Also, micro connectors with more-generous
lead-in alignment help assembly technicians find the
“sweet spot” when mating connectors.

Maintaining good retention force after mating is espe-
cially important with micro connectors. Also, features such
as audible-click and tactile-feel tell technicians when con-
nectors are properly mated.

A&D Applications Flying High

In the A&D industry, lightweight, high-frequency RF
micro connectors are commonly used. For example, sub-
miniature push-on (SMP) connectors with 26 GHz ranges
and subminiature push-on micro (SMPM) connectors with
40 GHz ranges (which are 30 percent smaller than SMP
connectors) are widely used in board-to-board and cable-to-
board applications.

These applications include ground-based radar and
aircraft communications systems. While a ground-based
radar installation is not small, it may include hundreds of
thousands of components; micro connectors help reduce its
total footprint. Likewise, lightweight micro connectors can
help reduce the total weight of jet aircraft. Also, RF connec-
tors are effective in low-power settings while offering low
signal-to-noise ratios, and are capable of transmitting
complex signals.

Growing demand for micro connectors has led to the
development of products designed for new applications,
such as extreme conditions. For example, Molex recently
introduced the Multi-Port RF (MPRF) coaxial cable-to-
board connector, a subminiature I/O device that provides
secure electrical connection in high-vibration conditions
and is capable of a minimum of 500 mating cycles. Though
newly released, MPRF connectors are expected to be used
in key A&D applications. For example, an application
where the MPRF would be beneficial is within military
transport vehicles, which sustain heavy vibration when in
use. Medical devices will be another important application.

Non-Magnetic Personalities

Medical is already a key application for other types of
micro connectors, which are typically used in devices such
as scopes and probes. Connectors for medical devices must
be non-magnetic, which requires replacing the nickel plat-
ing traditionally used in connectors with electroless nickel
phosphorous. Other applications include medical devices
such as MRI machines and CAT scanners, but these devic-
es typically utilize larger connectors.

Assembly Challenges

One challenge faced by all users of micro connectors is
building cable assemblies. It takes a skilled technician to
trim small cables and terminate micro connectors. For
example, an SMP connector has a contact OD of just 0.015”
and an SMPM connector has a contact OD of just 0.012”.

As a result, assembly processes that involve micro con-
nectors usually require at least some automation, such as
tape-and-reel packaging processes where components are
supplied on paper or plastic tape in reels loaded on auto-
mated pick-and-place machines, which in turn place the
components onto PCBs.

Smaller and Denser

As noted above, one of the trends driving the use of
micro connectors is the need to maximize PCB real estate.
As a result, designers are “trading down” the size of the
connectors they use. For example, designers currently
using screw-type SMAs (subminiature version A connec-
tors) may migrate to more-compact SMPs because their
next-generation module is being downsized. Also, more
users are using multiport connector blocks, such as the
MPRYF, in 4-up, 6-up and 8-up formats. These blocks allow
assembly technicians to thread in or solder down one block
instead of multiple individual units. This helps reduce tol-
erance stack up and makes assembly simpler and faster.

While designing and assembling devices containing
micro connectors can be challenging, assembly know-how
is available to make this process easier. As devices contin-
ue to shrink, designers need to embrace—and take advan-
tage of—today’s micro connector technology.

About the Authors:

Mike Higashikawa is Regional Product Manager, Micro
Products Division, for Molex Incorporated. Mike has over
17 years of experience in sales, account and product man-
agement, focusing on the design and development of micro
connectors. He has a BA in International Business
Relations from Nihon University in Japan. Prior to joining
Molex, he worked in Sales and Program Management.

Darren Schauer is Product Manager, RF/Microwave
Products for Molex Incorporated. Darren has over 13 years
of experience in sales, account and product management,
focusing on the design and development of microwave RF
connectors and RF cable assemblies. He has a BS in
Electronics Engineering Technology from DeVry University.
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P Guest Editorial

(Continued from page 7)
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Figure 1 ¢ Chart from the IMS2015 Women in Microwaves panel session shows the ratio of female employ-
ees (blue bar) to female managers (red bar) for select countries.

collective capacity of its people to create value. An innova-
tive culture accepts that the world has changed and is
receptive to more changes coming in the future. “We all
know it is the right thing to do,” Patel says, “But most
importantly, it is great for business.”

Diversity in the workforce is not simply a matter of
fairness. Diversity is good for business, and, as such, is a
vital part of the future of high technology. Sandberg and
Grant support this approach in their New York Times
series® by pointing out that in order to increase diversity,
the usual focus has been on fairness: “To achieve justice,
we need to give women and minorities equal opportuni-
ties.” But, history shows greater success is achieved when
the focus is on societal benefit rather than fairness:
“Equality is the desirable thing for us all.”

This concept of a humanitarian benefit statement is
also one that resonates with IEEE MTT-S President Tim
Lee, who’s leading our society into more humanitarian
beneficial projects through IEEE Sight.?° In recent years,
IEEE has placed great emphasis on humanitarian tech-
nology activities, instituting the Humanitarian Ad Hoc
Committee (HAHC) in 2011. As part of a strategic effort
toward member engagement, HAHC has instituted a pro-

60 High Frequency Electronics

gram called Special Interest Group on Humanitarian
Technology (SIGHT). Some of the objectives of this group
include bringing together members working in or wishing
to work in humanitarian fields and encouraging and pro-
moting them in activities that use humanitarian tech-
nologies, increasing awareness of IEEE members and
engineers of the potential of their work to improve the
standard of living of underserved populations, and
encouraging them to increase efforts in this direction.

Conclusion

The momentum is building. Patel at Cisco is starting
with a commitment to 1) recruit women and enable them
to be connectors, mentors, and sponsors, 2) provide
women with leadership opportunities, 3) be an advocate
for work environment equalization, 4) structure an envi-
ronment for women to have long term careers in engi-
neering, and 5) anchor women’s development efforts
around leadership. He sees a day when women will be the
majority in engineering.

Krzanich has committed to full representation at Intel
by 2020. He says there is a massive change coming that
we cannot begin to fathom. He goes on to say, “Like Likes
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Figure 2 ¢ Intel’s Brian Krzanich displayed this slide that challenges the tech industry to increase the
hiring of women and minorities and sets a goal of full representation in his company’s workforce by 2020.

Like.” Everyone is biased towards others like them. The
only way to overcome bias is to have enough people with
opposing biases on teams to balance that and make deci-
sions that are different.

Hopefully more tech companies will begin to see the
value of diversity in their workforces and will follow the
lead of companies like Intel, Cisco, and Alibaba in taking
real action to implement change.

Call to Action

Join the conversation on diversity in the months
ahead either online at LinkedIn at linkedin.com/grp/
home?gid=6955695&trk=my_groups-tile-grp or in person
at upcoming IEEE MTT-S WIM sponsored diversity panel
sessions at COMCAS in Israel (November 2, 2015), APMC
in China (December 7, 2015), and iMarc in India
(December 11, 2015).

References:

1. Videos of all presentations given at WIE 2015 can
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New MMIC Models

POWER
SPLITTERS/
COMBINERS

from2 I(HZ fo ’8 GHZ stowas 74 i(qu.IOOO)

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.

e 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
4 engine, Yoni2, searches actual test data to find the models that meet your needs.

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

- -~ 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!

O RoHS Compliant
Product availability is listed on our website.
i - b

[ 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 ._ ’ ADARTERS

e
i

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.

SGIMCIA

"MICROWAVE

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

San Francisco! Phone: 321-409-0509 Fax: 321-409-0510

sales@sgmcmicrowave.com

IMS2016 WWW.Sgmcmicrowave.com
BOOth #2330 Get info at www.HFelink.com
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Connecting The ADI & Hittite Portfolios to Cover
The Entire Signal Chain

Following ADI's acquisition of Hittite, the industry’s broadest portfolio of RF and microwave solutions is
now available through Richardson RFPD.

Look to us for the combined lineup that now covers the complete signal chain, from antenna to bits and
back, across the entire frequency spectrum up to 110 GHz. Devices include ADI’s industry-leading data
converters and more than 2,000 high-performance products, from functional blocks to highly-integrated
solutions, development platforms and modules.

orno
: ANALOG
:gg Scanme o oEvices Hittite

FROM ANALDG DEVICES
[=] LEARN MORE!

< RichardsonRFPD

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



