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Including These Connector Series
1.85mm DC-65 GHz 2.92mm DC-40 GHz 7mm DC-18 GHZ

24mm DC-50 GHz 3.5mm DC-34 GHz SSMA  DC-40 GHz

ISO 9001:2008

SGMC Microwave Components are in Stock — Call Today for a Quote!

C.W. SWIFT & Associates, Inc. Visit Us In
15216 Burbank Blvd., Van Nuys, CA 91411 Phoenix!
Tel: 800-642-7692 or 818-989-1133 or Fax: 818-989-4784 IMS Booth #
sales@cwswift.com ewww.cwswift.com 2229
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To support an even wider range of applications, Mini-Circuits tiny surface-mount transformers and
baluns now cover frequencies up to 18 GHz! Our latest designs achieve consistent performance across very wide
frequency bands, and our baluns have demonstrated great utility for 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 ;f /
to search our entire model database by performance criteria and 4 X )

find the models that meet your requirements. Order today and have OT%"xo 15 '0\158 X 0.05” gggfo 107
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With over 70 different models, our two-way 90° splitters make the | v “’a "h?

perfect building blocks for many designs including balanced amplifiers,

IQ modulator/demodulators, single sideband modulators, image rejection i = r -
mixers, voltage variable attenuators, phase shifters, and more! Use them | B ‘ﬁ ; '
for signal processing designs requiring 90° phase offset or to insulate your <. = Tre

circuit from reflective elements. The industry’s widest range of frequencies, " ’ﬂ)’#

extra low amplitude and phase unbalance, and packages as small as O RoHS compliant

0.08 x 0.05” make these hybrids essential tools for your RF design toolbox.

Tiny, robust, low-cost LTCC models are now available in small quantity reels,
with standard counts of 20, 50, 100, 200, 500, 1000, or 2000 at no extra cost!
For full performance details and product availability, visit minicircuits.com.

Order online today and have units in-hand as soon as tomorrow!
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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
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p Editorial

Modern Phoenix:
Rich in History

Scott L. Spencer
Publisher

The City of Phoenix provides a modern yet historic set-
ting for IMS 2015. Long before Governor John C. Fremont
signed legislation that made Phoenix an incorporated city
in 1861, there was a civilized community that inhabited
this land. Today the Pueblo Grande ruins, which were
occupied between 700 AD and 1400 AD, provide confirma-
tion of the city’s early origins.

The Salt River runs through the city and as early as
300 BC, the Hohokam were farming in what is commonly
called “The Valley of the Sun.” They built a system of canals to provide irri-
gation to the otherwise dry land. Many of these ancient canals still exist
today buried beneath the streets of metropolitan Phoenix. The ultimate fate
of this ancient society is a mystery. The accepted belief is that it was
destroyed by a prolonged drought. Native Americans, observing the Pueblo
Grande ruins and the vast canal system these people left behind, gave them
the name “Ho Ho Kam”—the people who have gone.

Jack Swilling and Water Diversion

Phoenix’s modern history began in the second half of the 19th century.
In 1867, Jack Swilling stopped to rest his horse at the base of the White
Tank Mountains. He saw the expansive Salt River Valley surrounded by
rich, but dry, soil. He saw farm land. All it needed was water. Soon he began
cleaning out ancient Hohokam canals and diverting water from the Salt and
Gila Rivers. By the summer of 1868 the era of modern agriculture had
begun.

That same year a small settlement was established approximately four
miles east of present day downtown Phoenix. By 1874, downtown lots were
selling for $7 to $11 each and the first telegraph line had arrived. The first
operator of this station was a man named Morris Goldwater whose nephew,
Senator Barry M. Goldwater, would become one of the region’s early ham
radio operators, with call letters KTUGA.

Phoenix saw rapid growth between 1950 and 1970 fueled by the
“Five C’s”: Copper, Cattle, Cotton, Citrus and Climate. Today Phoenix and
its surrounding communities are home to a thriving high-tech economy.
Companies like Raytheon, Honeywell, General Dynamics C4 Systems,
Boeing, United Technologies, and Northrup Grumman all have operations in
the area. There are over 15 industry and trade associations within the state.
Arizona State University alone boasts an enrollment of nearly 85,000 stu-
dents and its Fulton School of Engineering graduate school is ranked in the
top 20 in the US.



With a rich history, modern infra-
structure, and beautiful mountain-
ous desert landscape Phoenix will be
a superb gathering place for
Microwave Week 2015.

Microwaves Soaring Towards the
Future

The theme of this year’s confer-
ence is “Microwaves Soaring Towards
the Future.” In his welcome message
IMS 2015 General Chair Vijay Nair
said there will be an emphasis on
new and emerging fields like wear-
able electronics, internet of things,
3D printing, 5G, and RF/MW tech-
nology in life science. The theme will
resonate throughout the keynote
talks, panel sessions and technical
presentations.

Microwave Week kicks off on
Sunday with the co-located RFIC
Plenary Session featuring two
intriguing topics: “T’Hz Imaging to
Millimeter-Wave Stimulation of
Neurons: Is there a Killer Application
for High Frequency RF in the Medical
Community?” presented by Dr. Peter
H. Siegel of dJet Propulsion
Laboratories; and “RF as the
Differentiator” presented by Dr.
Hermann Eul of Intel.

The traditional IMS Plenary ses-
sion will be held Monday evening
and will feature a keynote address,
“Soft Assemblies of Radios, Sensors
and Circuits for the Skin,” by Dr.
John Rogers from the University of
Ilinois.

The week concludes with another
co-located event, the 85th meeting of
ARFTG (Automatic RF Techniques
Group). The first meeting held at the
Hughes Aircraft Fullerton facility in
1972 brought together individuals
who were users of Hewlett-Packard
automatic network analyzers. Today,
according to the group, “ARFTG is a
technical organization interested in
all aspects of RF and Microwave test
and measurement.” This viewpoint
is reinforced by the variety and

depth of this year’s oral and interac-
tive forum papers.

IMS and HFE

Once a year, IMS offers the single
best opportunity to see what’s new,
expand your technical knowledge,
network with colleagues and meet
one-on-one with a wide range of ven-
dors. I hope to see you there!

When you are visiting the Exhibit
Hall please stop by Booth 329 and
say “hello” to the staff of High
Frequency Electronics. We always
enjoy catching up with our readers
and advertisers.
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P Meetings and Events

2015 IEEE MTT-S 2015 International Microwave Workshop
CONFERENCES & MEETINGS Series on RF and Wireless Technologies for Biomedical
2015 IEEE MTT-S International Wireless Power Transfer and Healthcare Applications (IMWS-BIO)
(WPTC 2015) 21 — 23 September 2015
13-15 May 2015 Taiwan
Boulder, Colorado, USA www.ieee-jp.org/japancouncil/chapter/MTT-17/rfit2015/
http://www.wptc2015.org/ 2015 IEEE International Conference on Ubiquitous Wireless
Paper Submission Deadline: 16 January 2015 Broadband (ICUWB)
2015 IEEE International Microwave Symposium (IMS2015) 4 — 7 October 2015
17-22 May 2015 Montreal
Phoenix, Arizona, USA www.icuwb2015.org
http://ims2015.org/
Paper Submission Deadline: 8 December 2014 COMPANY-SPONSORED
2015 IEEE Radio Frequency Circuits Symposium (RFIC
2015) TRAINING & TooLs

17-19 May 2015

Phoenix, Arizona, USA

http://rfic-ieee.org/

Paper Submission Deadline: 12 January 2015

85rd ARFTG Microwave Measurement Symposium

Analog Devices

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

22 May 2015 NI AV.VR . .. ..
Phoenix, AZ, USA On-site and online training, and open training courses on
http://www.arftg.org/ design software. o
http:/ | www.awrcorp.com / news/ trainings
2015 IEEE MTT-S International Conference on Numerical :
Electromagnetic Modeling and Optimization for RF, National Instruments
Microwave and Terahertz Applications (NEMO 2015) LabVIEW Core 1
11-14 August 2015 Online
Ottawa, Canada http:/ /sine.ni.com/tacs/app/fp/plap/ov/pg/1/
http:/nemo-ieee.org LabVIEW Core 2

Online

http:/ | sine.ni.com/tacs/app/fp/plap/ov/pg/1/

Object-Oriented Design and Programming in LabVIEW

Online

http:/ /sine.ni.com/tacs/app/fp/plap/ov/pg/1/
Free, online LabVIEW training for students and teachers.

http:/ / sine.ni.com /nievents/app /results/p/country/
2015 IEEE International Symposium on Radio-Frequency us/type/webcasts/
Integration Technology (RFIT)

26 — 28 August 2015

Sendai, Japan

www.ieee-jp.org/japancouncil/chapter/MTT-17/rfit2015/

HFE June Product Highlights:

Cable & Connectors; Defense
Contact your ad rep today!

Paper Submission Deadline: 16 February 2015

2015 40th International Conference on Infrared,
Millimeter, and Terahertz waves (IRMMW-THz)
23 — 28 August 2015
Hong Kong
www.irmmw-thz2015.org

. A
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Dressed and Ready for Action
Custom Packaged Military Components

Micro Lambda Wireless, Inc offers a complete line of oscillators « MLFI, MLFP and MLFD Series Bandpass filters
filters and harmonlc generators for t'he m|I|tary.m§rket. Whether - MLFR and MLFRD Series Bandreject (notch) filters
you are designing for an Aircraft, Ship Board, Missile or Ground

Based military system, check out the product capabilities available + MLOS, MLXS, MLOB, MLXB Series Oscillators

from Micro Lambda Wireless. « MLHG Series Harmonic Generators

Oscillators covering 500 MHz to 40 GHz, filters covering

500 MHz to 50 GHz and harmonic generators covering 1 GHz

to 20 GHz special packaging can be provided based on customer
specific requirements. Individual components can also be provided

st t spacily designed testpine e \WI%ECL)EIQ'%IVIII%%A
] 7 ]

Micro Lambda is a ISO 9001:2008 Registered Company “Look to the leader in YIG-Technology”
See Us at IMS Booth #1622

www.microlambdawireless.com

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




P Market Reports

Enterprise Femtocells Drive Market
Growth

Operators, equipment vendors, and enterprise custom-
ers are all on the same page when it comes to indoor solu-
tions; they need advanced equipment to meet the growing
demands and create opportunities for new revenue streams.
As the residential femtocell market craters, enter-
prise femtocells will drive overall growth to almost
$800 million by 2020, according to ABI Research.

The year 2014 witnessed vendors like Alcatel-Lucent,
Nokia, and Ericsson debuting new enterprise small cells
with LTE-A capabilities like carrier aggregation, VoLTE,
and LAA. “Advanced LTE features accommodate enter-
prise’s dynamic requirements while equipping operators to
provide more lucrative services. Also, vendors shift efforts
back into technology development after spending time on
improving site services and forming partnerships within
the ecosystem,” comments Ahmed Ali, Research Analyst
at ABI Research.

However, technical innovation, especially voice related,
moves the femtocell market segments in different direc-
tions. “Wi-Fi calling proves disruptive for the residential
market as operators look to limit cost on that segment. On
the other hand, VoLTE, is strengthening the business case
for enterprise femtocells, aligning well with the overall
LTE growth,” continues Ali.

Although femtocell solutions make a strong case
for small-to-medium enterprise, there is fierce com-
petition from other in-building solutions to capture
the medium-to-large enterprise market. The
Distributed Radio System (DRS), in particular, has estab-
lished a growing market with solutions from major small
cell vendors like Alcatel-Lucent, Ericsson, and Airvana. A
DRS solves problems that arise from clustering small cells
including interference, handover, and scalability. Yet con-
ventional femtocell networks still maintain the advantage
in terms of cost and ease of deployment.

—ABI Research
abiresearch.com

Data Captured by IoT Connections to

Top 1.6 Zettabytes in 2020

A new report from ABI Research estimates that the
volume of data captured by IoT-connected devices exceeded
200 exabytes in 2014. The annual total is forecast to
grow seven-fold by the decade’s end, surpassing
1,600 exabytes—or 1.6 zettabytes—in 2020.

Principal Analyst Aapo Markkanen says, “The data
originating from connected products and processes follows
a certain journey of magnitudes. The yearly volumes that
are generated within endpoints are counted in yottabytes,
but only a tiny fraction of this vast data mass is actually
being captured for storage or further analysis. And of the

10 High Frequency Electronics

captured volume, on average over 90% is stored or pro-
cessed locally without a cloud element, even though this
ratio can vary greatly by application segment. So far, the
locally dealt data has typically been largely inaccessible for
analytics, but that is now starting to change.”

In terms of deployment architectures, the IoT is cur-
rently undergoing a major paradigm shift from
cloud computing toward edge computing. On one
hand, this shift is opening up edge-based data to meaning-
ful analysis, by distributing the analytic workloads across
the network. On the other hand, it is also shoring up the
cloud-level capabilities by making the transmitted data
more actionable, by enriching and contextualizing the pay-
loads.

Practice Director Dan Shey adds, “Edge computing is
a huge challenge for the entire IoT value chain, as we can
see from the way that cloud platforms, analytics vendors,
and gateway suppliers are scrambling to collaborate with
each other. It is also a great opportunity for various soft-
ware and hardware players that have been working
towards this goal even far before the IoT as a concept
became fashionable. Names like AGT International,
Eurotech, Kepware Technologies, OSIsoft, and Panduit are
all examples of firms whose background in distributed
intelligence allows them now to expand their target mar-
ket, even significantly.”

—ABI Research
abiresearch.com

Tech Breakthroughs Fuel Wireless

Sensor Network Growth

The global wireless sensor networks market is highly
dynamic with rapid technological developments strength-
ening their use case in a myriad of applications. Need for
real-time data monitoring and analysis in factory automa-
tion is the primary driver for wireless sensor networks.
End users are also comfortable employing wireless devices
for less critical functions such as tracking production flow
and quality. Cloud connectivity and development of newer
wireless protocols have strengthened deployment.

New analysis from Frost & Sullivan finds that the
market earned revenues of $1.20 billion in 2014 and
estimates this to reach $3.26 billion in 2020 at a com-
pound growth rate of 18.1 percent.

“All industries, apart from consumer electronics and
goods, deploy wireless sensor networks for monitoring,”
said Dr. Rajender Thusu. “The building automation,
supply chain, defense, materials handling, and food
and beverage sectors use wireless sensor networks
for tracking and tagging in addition to monitoring.”

—Frost & Sullivan
frost.com
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Coilcraft is the brand engineers trust most
when specifying tiny inductors for wearable technology

Boost the performance and battery life of You can get started by using our suite
your wearable products with these tiny of web tools to quickly locate the perfect
RF and power inductors from Coilcraft: inductors for your design. Compare and
e Wirewound chip inductors as small as analyze multiple parts based on your true

0201 size for wireless communications operating conditions, and then order free
e Shielded power inductors as thin as evaluation samples with just a click.

0.71 mm for power management Learn why we're the biggest name
e Coupled inductors as small as 2.2 x in ultra-miniature inductors. Visit us at

1.45 mm for LED display drivers www.coilcraft.com.
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P In the News

DARPA has awarded prime contracts for Phase 2 of Tern,
a joint program between DARPA and the U.S. Navy’s
Office of Naval Research (ONR). The goal of Tern is
to give forward-deployed small ships the ability
to serve as mobile launch and recovery sites for
medium-altitude, long-endurance unmanned aerial
systems (UAS). These systems could provide long-range
intelligence, surveillance and reconnaissance (ISR) and
other capabilities over greater distances and time periods
than is possible with current assets, including manned
and unmanned helicopters. Further, a capacity to launch
and retrieve aircraft on small ships would reduce the
need for ground-based airstrips, which require significant
dedicated infrastructure and resources. The two prime
contractors selected by DARPA are AeroVironment, Inc.,
and Northrop Grumman Corp.

“To offer the equivalent of land-based UAS capa-
bilities from small-deck ships, our Phase 2 performers
are each designing a new unmanned air system intended
to enable two previously unavailable capabilities: one, the
ability for a UAS to take off and land from very confined
spaces in elevated sea states and two, the ability for such
a UAS to transition to efficient long-duration cruise mis-
sions,” said Dan Patt, DARPA program manager. “Tern’s
goal is to develop breakthrough technologies that the
Navy could realistically integrate into the future fleet and
make it much easier, quicker and less expensive for the
Defense Department to deploy persistent ISR and strike
capabilities almost anywhere in the world.”

The first two phases of the Tern program focus on pre-
liminary design and risk reduction. In Phase 3, one per-
former will be selected to build a full-scale demonstrator
Tern system for initial ground-based testing. That testing
would lead to a full-scale, at-sea demonstration of a proto-
type UAS on an at-sea platform with deck size similar to
that of a destroyer or other surface combat vessel.

* ok ok

DARPA’s Anti-Submarine Warfare (ASW) Continuous
Trail Unmanned Vessel (ACTUV) program seeks to
develop a new type of unmanned surface vessel

12 High Frequency Electronics

that could independently track adversaries’ ultra-
quiet diesel-electric submarines over thousands of
miles. One of the challenges that the ACTUV program
is addressing is development of autonomous behaviors
for complying with the International Regulations for
Preventing Collisions at Sea, known as COLREGS.
Substantial progress has been made in developing and
implementing those behaviors. Currently, ACTUV’s sys-
tem for sensing other vessels is based on radar, which
provides a “90 percent solution” for detecting other ships.
However, radar is less suitable for classification of the
type of other vessels, for example determining whether
the vessel is a powered vessel or a sailboat. Additionally,
one of the requirements of COLREGS is to maintain “a
proper lookout by sight and hearing.”

To help augment ACTUV’s capability for sensing and
classifying other vessels, and to reduce reliance on
radar as ACTUV’s primary sensor, DARPA has issued
a Request for Information (RFI) about currently avail-
able technologies that could help ACTUV and future
unmanned surface vessels perceive and classify nearby
ships and other objects. DARPA is specifically interested
in sensor systems and image-processing hardware
and software that use passive (electro-optical/infrared,
or EO/IR) or non-radar active (e.g., light detection and
ranging, or LIDAR) approaches. The goal is to develop
reliable, robust onboard systems that could detect and
track nearby surface vessels and potential navigation
hazards, classify those objects’ characteristics and provide
input to ACTUV’s autonomy software to facilitate correct
COLREGs behaviors.

* ok ok

For decades, the United States has successfully coun-
tered the threats of competitor nations by harnessing
advanced technologies to create exceedingly robust and
capable military platforms. But as advanced technolo-
gies have become more readily available to adversaries
on commercial markets, the Nation’s focus on ever more
complex weapons systems has become not just a strength
but also a weakness. Effective as they are, U.S. military
systems today are often too expensive to procure in the
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quantities needed, and may take so
long to develop that the electronic
components they contain are obsolete
by the time they become operational.

To address these challenges as
they apply to airborne platforms,
DARPA has kicked off the System
of Systems (SoS) Integration
Technology and Experimentation
(SoSITE) program. SoSITE aims
to develop and demonstrate con-
cepts for maintaining air superi-
ority through novel SoS architec-
tures—combinations of aircraft,
weapons, sensors and mission
systems—that distribute air warfare
capabilities across a large number of
interoperable manned and unmanned
platforms. The vision is to integrate
new technologies and airborne sys-
tems with existing systems faster and
at lower cost than near-peer adversar-
ies can counter them.

ok ok

Versatile Power announced the addi-
tion of Saelig Company, Fairport,
New York., to its list of authorized
distributors of Versatile Power’s new
family of BENCH Programmable
Power Supplies. The Versatile Power
BENCH series are compact, program-
mable, DC power supplies and are
nearly half the cost compared to the
industry’s leading producer of power
supplies.

“Saelig is well known in the North
American region and, since its found-
ing in 1988, has earned a reputa-
tion for having unique OEM prod-
ucts and excellent customer service.
This distribution arrangement offers

a perfect addition to our resources
to acquaint the test and measure-
ment community to our new fam-
ily of BENCH Programmable Power
Supplies,” commented Jerry Price,
CEO of Versatile Power.

ok ok

Five additional on-demand webi-
nars have been added to ni.com/
awr that showcase NI AWR Design
Environment™ software capabili-
ties. These webinars, which examine
various challenges for power amplifi-
er and antenna design, are presented
by industry experts that rely on NI
AWR Design Environment to deliver
best-in-class solutions. For more info,
go to: awrcorp.com/awr-support/train-
ing-center/webinar-archive.

ok ok

NI (formerly AWR Corporation)
announces a new application note
titled “Using NI AWR Design
Environment Load-Pull
Simulation for the Designer of
Wideband High-Efficiency PAs”
that explores the design of power
amplifiers (PAs) leveraging load-pull
technology within NI AWR Design
Environment™ software, specifically
that of Microwave Office.

Using a Cree CGH40010F gallium
nitride high-electron mobility transis-
tor in a Class F PA at 2000 MHz as
the example circuit, the application
note details how power-added effi-
ciency is maximized by optimizing
source and load pull at the fundamen-
tal frequency, plus second and third
harmonics.

Additionally, the ability of the load-
pull technique to inspect transistor
voltage and current waveforms helps
users gain confidence in their high
performance designs. The application
note is found online at awrcorp.com/
solutions/technical-papers.
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HEMT

Cree’s

CGHV40050 is
matched, gallium nitride (GaN)

an un-

high-electron-mobility  transistor
(HEMT). The CGHV40050, operat-
ing from a 50-volt rail, offers a gen-
eral-purpose, broadband solution
to a variety of RF and microwave
applications. GaN HEMTs offer
high-efficiency, high-gain and wide-
bandwidth capabilities, making the
CGHV40050 ideal for linear and
compressed amplifier circuits.

Cree
cree.com

Data Recorder
Ultraview Corp. announced a 14-
bit 2/4-channel 400MSPS multi-
terabyte-deep-storage data acqui-
sition system for demanding uses
in which extremely long analog/RF
waveforms need to observed with
high SNR for timespans of up to
an hour (up to 2 Hours for 10TB
model), such as SIGINT, RADAR,

missile testing, communications
systems and antenna testing, and
more.

Uliraview

ultraviewcorp.com

Amp Subsystem
Mini-Circuits’ AVM-273HPK+ is
a MMIC amplifier subsystem con-
sisting of a MMIC amplifier and
an auto-voltage sequencing mod-

16 High Frequency Electronics

P Featured Products

ule. The MMIC amp is designed
using 0.15pym PHEMT technology
and provides very wideband perfor-
mance, medium power and uncon-
ditional stability. Its outstanding
isolation enables it to be used as a
wideband isolation amplifier or buf-
fer amplifier.

Mini-Circuits
minicircuits.com

RF Inductors
Gowanda Electronics announced
five new RF inductor series for
military applications. The series
that achieved QPL status and the
seven MS numbers they address in-
clude: MRLF19M (MS90539), ML-
RF21M (MS90542 and MS14052),
MLRF22M  (MS90540), MLR-
F24M (MS90541) and MLRF28M
(MS75103 and MS91189).

Gowanda Electronics
gowanda.com

Circuit Assemblies

Molex introduced its new High-
Speed Low-Loss Flex Circuit As-
semblies, made wusing DuPont™
Pyralux® TK flexible circuit mate-
rial. The assemblies are ideal for
electronic data transmission appli-
cations such as servers and high-
end computing, storage servers and
signal processing.

Molex
Molex.com

ELINT Detector

Norden Millimeter introduced a
channelized activity detector for

EW, SIGINT, COMINT and ELINT
applications. It operates in the 6 to
18 GHz frequency range and has 12
independent 1 GHz wide simultane-
ous detection channels. The channel
outputs are DC voltages log linear
to £1.0 dB over a 60 dB dynamic
range.

Norden Millimeter
nordengroup.com

Transistor

RFMW announced support for
NXP’s BLF2425M7LS-250P. This
efficient LDMOS transistor is inter-
nally matched for broadband per-
formance from 2400 to 2500 MHz,
supporting ISM (Industrial, Scien-
tific and Medical) applications. The
earless, ceramic package adds to the
excellent thermal stability, creating
a 250 watt CW power transistor to
meet the needs of innovative RF
power generation.

RFMW
rfmw.com

Isolator
VidaRF offers the 30 - 40 GHz Co-
axial Isolator Model VCI-300400
which is a rugged body with S/Steel
(K) connectors; if required, sealed
and painted to meet IP63 standards.
Operating temp -15 to +55C. Other



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.

RF/Microwave Materials &
Resources

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> I-Tera® MT RF materials are available in 0.010”, 0.020” and P> The revolutionary Astra® MT ultra low-loss thermoset laminates

0.030” in 3.38, 3.45 and 3.56 DK.

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

are a replacement for PTFE. Astra MT is available in core and
prepreg for double sided, multilayer and hybrid designs using
isola 185HR, 370HR or I1S415. Astra MT has been used in designs
up to 77 GHz.

RF/MICROWAVE MATERIALS

I-Tera® MT RF

I-Tera® MT TerraGreen® Astra®MT

Tg 200°C 200°C 200°C 200°C 200°C

Td 360°C 360°C 360°C 390°C 360°C

Dk @ 10 GHz 2.80 - 3.45 3.38,3.45 & 3.56 3.45* 3.45* 3.00

Df @ 10 GHz 0.0028 - 0.0036 R 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 EFo 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 FREE! Impedance and Power-Handling Calculator
P> Isola’s Design Review Service can facilitate your conversion to P> Isola’s 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

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.

recommendations to assist PCB fabricators and OEMs in P> This software tool provides a design or an equivalent dielectric

converting to Isola’s RF-materials, which will help overcome
the current material shortages of other vendors and accelerate
time-to-market. The design review service also addresses the
perceived conversion issues when migrating from a currently
used material to an Isola material.

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

Isola, -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. Al rights reserved.

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




RF,MICROWAVE & MILLIMETER-WAVE

COMPONENTS AND SUB-SYSTEMS
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FREQUENCY MULTIPLIERSIDIVIDERS

(UF TO 160GHz)

CONVERTERS UP TQ 110GHz
ANTENNAS UP TO 220GHz

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

FILTERS/DIPLEXERS
SOURCES UP TO 160GHz

SWITCHES UP TO 160GHz
PHASESHIFTERS I_IF TO 160GHz

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

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

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

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

POWER COMBINERS/DIVIDERS EQUALIZERS

CABLES

ASSEMBLIESICONNECTORS (UP TO 100GHz)

SUB-SYSTEMES (UP TCL'IEIDGH"I

Get info at www.HFelink.com
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frequencies and connector configu-
ration available upon request.

VidaRF
vidarf.com

Power Amp
Model SBB-0132732526-KFKF-
SB is a bench-top broadband pow-
er amplifier operating from 1.0 to
26.5 GHz. It provides 25 dB small
signal gain and a minimum +25
dBm output power over the entire
frequency range. It is designed to
use 100 - 240 V AC power directly
from power line for laboratory use.

SAGE Millimeter
sagemillimeter.com

Waveform Amplifier

The TS250 waveform amplifier
amplifies current or voltage or
power for driving heavy loads. It is
ideal for many test and measure-
ment applications such as LDO
and amplifier PSRR test, battery
simulator, op-amp CMRR mea-
surement, high-frequency elec-
tromagnetic coil driver, general
function generator amplifier, tran-
sient response test, four-quadrant
power supply, lab power amplifier,
and more.

Accel Instruments
accelinstruments.com

Cable Assemblies
D-COAX introduced = 1ps skew
matched and phase stable high
performance flexible coaxial cable
assemblies through 65 GHz. The
standard assemblies deliver ex-
cellent return loss and low inser-
tion loss.Cable Pairs are ideal for:
Signal Integrity; Channel Model-

P Featured Products

ing; Jitter Measurements; BERT;,
Differential Measurements; VNA
measurements.

D-COAX
d-coax.com

EW App Note

Keysight’s new app note, “As-
sembling Cost-effective Develop-
ment and Verification Solutions
for EW Systems,” presents two
off-the-shelf alternatives that can
address the simulation require-
ments of subset scenarios for a
system under test (SUT). The pro-
posed alternatives offer greater
versatility because the constituent
instruments can be easily used for
other measurement tasks.

Keysight Technologies
keysight.com

vCO
Crystek's CVC0O55CCQ-3500-3500
VCO operates at 3500 MHz with a
control voltage range of 0.3 V~4.9
V. This VCO features a typical
phase noise of -115 dB¢/Hz @ 10
KHz offset and has excellent lin-
earity. Output power is typically
+6 dBm. Engineered and manufac-
tured in the USA, it is packaged in
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the industry-standard 0.5-in. x 0.5-
in. SMD package.

Crystek
crystek.com

Bandpass Filter

ERF-5W™ has been redesigned to
minimize size, weight, power con-
sumption and cost while covering
the entire military tactical radio
band of 30 to 520 MHz and main-
taining high in-band RF power han-
dling (5 watts). It is commonly used
in UAV Communication Relay Pay-
load applications. SWaP-C reduc-
tions include a new size: 4.7”x 6.8”
x 1.07(119.4 x 172.7 x 25.4 mm) and
new weight: 14.08 oz. (399 g).

Pole/Zero
polezero.com

CUSTOMIZED DESIGN QUOTES IN 24 HOURS
www. pulsarmicrowave .com

“ 2-312 Way

aQ* & 180°

to 500 watts
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g

Power Dividers, DC-60 GHz

Hybrids to 40 GHz

Bias Tees, to 85 GHz

30 KHz to 85 GHz

High Power Combiners
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Amplifier

Comtech PST announced the re-
lease of a solid state Class “AB”
linear amplifier which operates
over the full 6-18 GHz frequency
band and delivers a minimum of 50
watts. The amplifier uses the latest
Gallium Nitride (GaN) technology
and is packaged in a standard rack
mountable enclosure measuring 19”
x 22” x 3.5”.

Comtech PST
comtechpst.com

s STy

Coupler
Mini-Circuits’ ZUDC20-183+ is a
5092, 20dB, Up to 50W, 0.5 to 18 GHz,
Directional Coupler that features:
ultra wide frequency range, 0.5 to 18
GHz; good coupling flatness, +0.5 dB
typ.; good directivity, 22dB typ. up to
4 GHz; good VSWR, 1.3:1 typ.; DC

current pass through input to out-
put. Applications: cellular; lab use;
WiMax; ISM; GSM; PCN.

Mini-Circuits
minicircuits.com

Multiplier

Model SFA-154SF-S1 is a broad-
band X4 active multiplier with
output frequency covering 50 to 66
GHz. With an RF input signal from
12.5 to 16.5 GHz and power level
of +3 dBm, it can deliver +16 dBm
power in the frequency range of 50
to 66 GHz. The harmonic suppres-
sion is -20 dBc typically. It draws
380 mA current from a +8 Vdc DC
power supply.

SAGE Millimeter
sagemillimeter.com

28 Hidustifal West, Clifton, NI 07012 | Tel OFX-790-8262 | Fax 975-T70-2727. | =al
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Now Available for Imnmediate Shipment!

MMIC Splitier/Combiners

2-Way 0; Ultra-Wideband
1.8 to 12.5 GHz
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v/ Tiny size, 4 x 4mm

v/ 1.1 dB insertion loss

v/ 1.85W input power handling

v Good port-to-port isolation, 16 dB
v Low amplitude unbalance, 0.2 dB
v/ Low phase unbalance, 6°

v DC current passing up to 0.4A

MMIC Mixers
Wideband 2200 to 7000 MHz
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MDB-73H+

v/ Tiny Size, 4 x 4mm

v Low conversion loss, 8 dB

v High L-I Isolation, 46 dB

v High L-R Isolation, 39 dB

v/ IF bandwidth, DC to 1600 MHz

v LO power, +15 dBm

v/ Usable as up and down converter

MMIC Amplifiers

Ultra-Low Noise, High IP3
1.1 to 4.0 GHz

v Ultra-low noise figure, 0.46 dB

v High IP3, up to +33 dBm

v High gain, up to 23 dB

v P1dB up to +19 dBm

v Low power consumption, +5V, 51mA
v Tiny size, 2 x 2mm

MMIC Mixer-Amplifiers
Wideband 2200 to 7500 MHz

= ]

i Gy

MDA4-752H+

v Integrated mixer, LO amplifier,
and IF amplifier in one package

v/ Tiny size, 4 x 4mm

v High L-I Isolation, 61 dB

v Hi R-1 Isolation, 51 dB

v Conversion gain up to 9.7 dB
v IF Bandwidth, 30 to 1600 MHz
v LO power, 0 dBm

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

[ JMini-Circuits’

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

Pondering on Power
Measurements

By Joseph Cahak

A power measurement is a scalar quantity and is a measure of power detected. These mea-
surements can be made in a variety of ways. Most of us are familiar with the notion that voltage

Reviewiny the various

methods of meusu

rng RF
power.

(volts) multiplied by current (amps) is power (watts) and power multiplied
by time is energy. At DC or low frequencies these power measurements
from the current or voltage are relatively easy and not very complicated.
As we get to higher frequencies the typical means of measuring voltage or
current breakdown are not accurate. The power measurement inaccuracies
are due to the frequency response of the detectors at high frequency and
also the impedance match of the detectors as well as the instantaneous
frequency response of the detector network. All power sensors are broad-

band sensors. They cannot discriminate between individual signals in a multiple signal envi-
ronment. These signals can add or subtract from the total power as a combination of the power
depending on whether the signals are in or out of phase.

Power measurements in the RF and Microwave frequency range are typically made with
thermistor-, thermocouple- or diode-based instruments. The thermistor- or thermocouple-based
power sensors are most accurate for “true” or RMS power. True power is properly integrated
(modulation envelope) over time to give the “true” power no matter the waveform shape. If the

Power Ranges of the Various Sensor Types

Thermistors
Dffsat the range using
'I'h:nmumF squarelaw o1 attenuator
region
Diode detector squaredaw
region

Dffset the range using
an attenualor

|
0 +30 +40  +50[dBm]

+ Apilent Technalogies e I T X i
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Figure 1 « Power sensor type and range. Courtesy Keysight Technologies.



I00W POWER AMPLIFIERS
700-2700 MHz

°8,995.ccr

48 dB Gain, 1.7 dB Flatness

Output power up to 100W with consistent performance across a wide frequency range for a fraction of the
cost of competitive products! Mini-Circuits’ new HPA-272+ high power rack mount amplifiers are ideal for a wide
variety of high power test applications including EMI, reliability testing, power stress testing, and burn-in of multiple
units at once. This model provides 48 dB gain with +1.7 dB gain flatness over its entire frequency range and 89 dB
reverse isolation. Housed in a rugged, 19-inch rack-mountable chassis, the amplifier operates on a self-contained
110/220V power supply and includes internal cooling, making it easy to use in most lab environments. Extensive
built-in safety features include over-temperature protection and the ability to withstand opens and shorts at the
output.” They’re available off the shelf for an outstanding value, so place your order on minicircuits.com today for
delivery as soon as tomorrow!

*at 3 dB compression point.
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Figure 2-2. Simplified diagram of the 432A power meter.

Figure 2 « Thermistor Power Meter Schematic. Courtesy Keysight Technologies.

signal is a CW (continuous wave) signal that does not
vary in signal strength or frequency, the measurement is
relatively easy and the RMS value is easy to compute. In
the case of more complicated modulated signals or com-
plex waveforms, computing or measuring True RMS
power gets more difficult and complicated. To better
understand this we will review the methods of measuring
RF power.

Thermistor and Thermocouple Devices

The most accurate method of measuring True RF
power is with a device called a thermistor or a thermo-
couple. These devices convert RF power to thermal power
(heat) and the thermal power is converted to a resistance
or a voltage difference measurement that can be mea-
sured and converted to the power measured. There are
issues associated with this method of measuring RF
power.

The first issue with this method is a limited dynamic
range that it will accurately measure over. Most of the
sensors in the market today that use thermistor-based
sensors have a measurement range of -30 to +20 dBm.
Some measure higher power levels with an attached cali-
brated attenuator. Microprocessors and EEPROM -cali-

24 High Frequency Electronics

bration tables are used to perform power correction for
temperature and frequency response.

With RF power to thermal conversion, there is a small
time lag for the thermal response from the RF power.
While this is a small sensor with a small thermal mass in
the sensor, nonetheless this equates to a small lag in the
power response. This property will affect accuracy of rap-
idly varying signals, and signals with complex modula-
tion. Finally, there is a frequency response associated
with the sensor and also the impedance match of the
interface to the sensor. These responses can be calibrated
and removed using a cal factor for the sensor.

Diode Devices

Another method of measuring power is with a diode
sensor. These diode sensors have a faster response time
than thermistor-based sensors, but due to the diode char-
acteristics, they have more impedance match issues than
the Thermistor. The diode has low impedance compared
to the 50 ohm characteristic impedance of most RF
instruments and RF networks in use today. This means
that some form of matching network must be used to
improve the match into the sensor and DC isolation
(blocking). These components have frequency sensitivity.
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Phased Array Radar!

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

Not anymore!

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

Characteristic curves of a typical thermistor element
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This implies that while the diode is in
the square law region the voltage output
from the rectification is directly propor-
tional to the power in that region only.
Outside that region, the power is not
directly linear to voltage.

Making power measurements in the
quasi and linear regions of the diode
response is less accurate when the signal
input is modulated with wide bandwidth
signals or multiple tone signals. To make
these measurements, the instrument must
have the dynamic measurement power
range and the frequency response to be
quantifiable, repeatable and correctable.
For the diode sensors, extensive EEPROM
correction tables are used for the frequen-
cy, signal levels and temperatures at which
the power measurements will be made. In

v e rL oa Tkt asic:

Figure 3 e« Thermistor temperature response. Courtesy Keysight

Technologies.

many cases these corrections are not ade-
quate for very wideband devices such as
Ultra Wideband USB or some of the other

—M

digital modulation formats. Most sensors

Diode Detectors Prnatching
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have an instantaneous bandwidth that
they can respond to which typically range
from 10 MHz to 30 MHz for most power
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sensors available on the market. This is
not important for most measurement mar-
kets. With modulation formats wider than
this and higher in power than the square
law region, pulsed power or sensor instan-
taneous bandwidth can have varying
amounts of error. Recall the comment
above regarding operation above the
square law region. The trick that can be
used to gain some level of better power
accuracy for modulated signals with diode
sensors is to keep the power within the
square law region (-70 to -20 dBm).
Analog Devices has recently come out
with a replacement for the Schottky diodes

e gie st oo fina acdsbasic

The diode is sensitive to VSWR and is more prone to
measurement error due to these issues. Another issue is
the non-linearity of the diodes. What that means is at
higher power levels the diodes conduct and the current is
no longer square law proportional to the voltage of the
detected signal. This has ramifications with measuring
complex signal environments. Recall the power equation
from voltage:

2

Power=?=12*R
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Figure 4 « Diode Power Sensor. Courtesy Keysight Technologies.

to measure power. The ADL6010 is a copla-
nar input for measuring power from 500
MHz to 50 GHz. It features built-in linear-
ization for added accuracy.

DSP Devices

One trend is communication power measurements is
to use DSP (digital signal processing) architecture to pro-
cess the signals and get a better measure of power with
complex formats and frequency components. These can
also provide the ability to measure the peak or envelope
power and crest power on multiple tones or modulated
signal measurements. They can also offer wider band-
widths than traditional sensors. Capability is only limit-
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IW’s Re-Flex Cables were designed to offer a highly flexible

alternative to standard semi-rigid & conformable cables.

IW'’s

unique laminate dielectric, combined with a tin/alloy plated outer

braid provide a double shielded,

low loss, re-formable cable that

eliminates the failure mode of traditional semi-rigid & conformable

cables. Industry standard line sizes provide a range of interconnect
options including SMA, TNC, N-type, 3.5mm, 2.92mm, 1.85mm,
GPO™ & GPPO™, with standard length SMA male/male assemblies

available from 2", in stock.
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Call us today with your project specs and we'll show you the most
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P Power Measurements

the system. There are many instances

i e where a power measurement that takes

= Diode sansor deviatian .(/ square law p ”

T o« fram square law isa the peak power value of the envelope is
Fala il goaf a8 g p | needed. All digitally modulated wave-
B g § forms, AM and single sideband (SSB)
g o €= use this measurement. The peak mea-
5 é @ B surement is also the crest power, which
E = ';AEi;E:GS =S E would be compared to the average power
g M Themmal Sensor " o\ moMAL E ] to calculate the crest factor of the RF
& DOWER METERS F = device, which is the ratio of the peak

SLOWER

& || "eaDinGs Diode Sensor THIS AREA w é power level above average power. These

5 NCISE) g peaks can damage power amplifiers if
. \A = not contained in amplitude.
70 60 -50 40 -3¢ 20 -10 O +10 +20 +30 Instantaneous or Video Bandwidth
_ it Instantaneous or video bandwidth
Diagram 2: Sensor Sensitvily vs Signal Level. (VBW) is the response after rectification

Figure 5 ¢ Universal Power Sensor Range. Courtesy Anritsu Company.

ed by the sampling rate, bit depth and accuracy of the
ADC'’s or Sigma-D samplers.

Peak Envelope Power and Peak or Crest Power

Other RF power measurements are peak envelope
power (PEP) and peak or crest power. These are used to
measure the power of multi-tone and digitally modulated
waveforms to get the instantaneous power maximum of

of the signal and the detection circuitry
response and ability to integrate the
RMS power. This video modulated recti-
fication result is used to calculate the power. If the detec-
tion circuitry downstream of the rectification has poor
frequency response, the accuracy of the power measure-
ment will degrade. Typical video bandwidth range is 10
MHz up to 100 MHz video or instantaneous bandwidth.
The user must be aware of the signal measurement
equipment requirements to account for this signal band-

= DETB :ve

1148 fidB
— Pad ——®|  Power
& & \.Dhi.mrf'
| tram | Detector ——— DETA-ve
- Fad A ——= DETA-ve

Anritsu's MA24804 series Universal Power Sensors use a unigue architeciure wilh three cascaded diode pairs,
dividers and aifenuators. One af the divde pairs is wilthin ils sguare law region, ensuring true average power

measwrements af any infpufl signal,

Figure 6 « Universal Wide Power Range Sensor. Courtesy Anritsu Company.
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Figure 7« E4412/13 Sensor Architecture. Courtesy Keysight Technologies.

width and to thereby ensure accurate power measure-
ments of modulated signals. If measuring pulsed power
the Video or instantaneous bandwidth should be at least
5x the pulse repetition rate.

Measurement Accuracy

The quality or accuracy of the power measurement
depends not only on the power sensor calibration factors
previously mentioned. Another significant source of mea-
surement error is the sensor impedance match and the
match of the device port under test. This mismatch error is

computed with the formula MismatchError:1010g(lipg P>
The + and — represent the max and minimum mismatch for
the measurement mismatch loss of power measured P, and p,
are the generator and load reflection coefficient..

About the Author:

Joseph Cahak is currently employed at Silanna
Semiconductor as an RF Test Engineer. He began his
career in 1983 at defense contractor Watkins-Johnson
Company, Palo Alto, Calif.,, working on the bench and
worked his way up to ATE Specialist working with

(b) Resistive power splitter

Lzenza +
W
FF in — ﬁlfl—%
Hsanze -
W
—I(ﬂ-l(j—%— Lsenze -

Figure 4-7 {a) Photograph of MBID.
(b) Schematic of MBID.

Figure 8 « Sensor for E4412/13 Power Sensor. Courtesy Keysight Technologies.

30 High Frequency Electronics




L.__ILO4360

6.15 Dk High Frequency I.amlmlie

i Now with improved
> L RTI for Higher MmoT

When amplifier designers
asked, Rogers listened and
developed RO4360G2™ high-
frequency laminates. These
thermoset materials feature a
powerful balance of high per-
formance, low cost and ease of
processing in a laminate with a
dielectric constant of 6.15.

RO4360G2 laminates deliver

the low loss and high thermal \
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manufacturing practices.
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10 log {1+ :_’:'F

Error, dB
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for CW signal with —20 dBc harmonic.

Figure 4-12. Estimated error limits for diode detectors operated above sguare-law range,

Microwave Converter
Subsystems. From there he
moved on to Harris Microwave
Semiconductor/Samsung
Microwave Semiconductor as
an RF Test Engineer and gain-
ing test experience in GaAs
Semiconductor testing. He
then moved to Remec Wireless
to work on transceivers and
subsystems test. Following
that was a slew of contract
positions building ATE test
solutions. Besides lifetime self
and scholastic education work-
ing toward electrical engineer-
ing and computer science/pro-
gramming degrees, he also
maintains a consulting busi-
ness to develop test and other
software products for web-
based sale. Joseph’s flagship

20

S S

Figure 9 « Diode Sensor Error with harmonic signal present. Courtesy Keysight
Technologies.

the technology
evice impedanceto
ide-band, high-power
ifiers. AMGOM is releasing 4
ultra wide-band, high-power

rs. The Table below shows the
rmance. AMCOM products include
crete power devices, MMIC power . .
plifiers and connectorized power w e
amplifier modules from 30MHz to 16 GHZ e "-F
with output power from 1W to 50W. For 1 ' 1
more product details, please visit www.

amcomuse.com for data sheet with detailed performance.

AMCOM GaN HEMT MMIC Summary

Model Frequency G o Eﬂ'sm v, (V) Iﬂq (A) ECCN
(GHz) (dB) (dBm) (%)
AMO004047SF-2H* 0.05-4.0 38 47 44 25,90 05,09 EAR99

A-M206542TM—00! 2.0-6.5 25 42 20 28 0.96 3A001.b.2.a

*100uS pulse width, 10% duty cycle. They also work in CW mode at lower bias
voltage with slightly reduced output power.
I CW Operation.

fncom

COMMUNICATIONS
The RF Power House

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

Get info at www.HFelink.com
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product, AstroCalculator, was
developed to aid his Astronomy
hobby. RFCalculator is a tool
for test development and elec-
tronics in general. He can be reached at: Sunshine Design
Engineering Services, 23517 Carmena Rd, Ramona, CA
92065. 760-685-1126; AstroCalculator.com;
SunshineDesign@cox.net.

This article was originally published at rfcafe.com.

Keysight Technologies (formerly Agilent) Application
Notes:

4 Steps for Making Better Power Measurements App
Note 64-4D 5965-8167E

Fundamentals of RF and Microwave Power
Measurements (Part 1) 1449_1_5988-9213EN
Fundamentals of RF and Microwave Power
Measurements (Part2) 1449 _2_5988-9213EN
Fundamentals of RF and Microwave Power
Measurements (Part 3) 1449_3_5988-9213EN
Fundamentals of RF and Microwave Power

Measurements (Part 4) 1449 4 5988-9213EN
Power Measurement Basics 5965-7919E

Anritsu Company Product or Application Notes
ML2400A Series Power Meter -15000-00004 rev C
Accurate Power Measurements on Modern

Communication Systems

Analog Devices
http://www.analog.com/en/rfif-components/detectors/
adl6010/products/product.html

(Continued on page 34)
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Figure 4-11. Simplified schematic of E4418B shows the transition to digital signal processing (DSP)
architecture.

Figure 10 « DSP Power Measurement.Courtesy Keysight Technologies.

Uncertainty due to Mismatch

020.00%-25.00%
015.00%-20.00%
00 10.00%-15.00%
05.00%-10.00%
00.00%-5.00%

% Uncertainty

Sensor VSWR

Figure 11 « Power Mismatch Curves for Anritsu Detector. Courtesy Anritsu Company.
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P Flicker Noise

Eliminate High-Speed ADC
Flicker Noise with Chopper
Upgrade

By Tommy Neu

Modern high-speed analog-to-digital converters (ADCs) are primarily
moving into more advanced CMOS process nodes to increase sampling
rates and reduce power consumption as much as possible. However, this
move away from traditional, bipolar transistor-based ADC designs comes
with a big drawback. The low frequency 1/f noise or flicker noise of CMOS
transistors is significantly worse compared to that of bipolar transistors.

The 1/f noise corner of bipolar transistors is around 100 kHz, while for
CMOS transistors it ranges anywhere from ~10 MHz to ~1 GHz, depending on the process
geometry. The cause of flicker noise is complex. A simplified model is based on the trap den-
sity in the oxide-silicon surface. Electrons get into the traps, but get released at a lower fre-
quency. If the trap density is reduced for the same amount of carriers, flicker noise will be
reduced as well, because the probability of carriers getting into the traps reduces. Therefore,
the 1/f noise corner moves lower in frequency. The amount of carriers stays constant, if the
width-to-length (W/L) ratio of the transistor stays constant. Alternatively, trap density is
reduced by increasing the area. As such, a lower 1/f noise corner requires an area increase
(larger transistor size) with the same W/L ratio.

ADCs ure moviny into
Mmore advanced CMOS
fporocess hodes.

A

Wanted Signal

1/f Noise
Corner

Figure 1 « Wanted signal in the presence of 1/f noise.
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NF as low as 0.5 dB - IP3 up to 43dBm - DC current 20 mA and up from ll ea.(at: 20)

Pick your parameters, and meet your needs at Mini-Circuits! ~ Our catalog models are in stock and ready to ship, so why
With over 20 low noise/high linearity amplifier models to  wait? Go to minicircuits.com for all the details, from data sheets,
choose from, you’ll likely find the output power, gain, DC  performance curves, and S-parameters to material declarations,
current, and broad bandwidths required to upgrade almost any  technical notes, and small-quantity reels—as few as 20 pieces,
3-to-5V circuit—from cellular, ISM, and PMR to wireless LANs,  with full leaders and trailers. Place an order today, and see what
military communications, instrumentation, satellite links, and  these tiny, high-performance amplifiers can do for your

P2P—and all at prices that preserve your bottom line! application, as soon as tomorrow! ) RoHS compliant
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ADC3244
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Input Signal — { ADC g} Digital Output
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Input Signal Mix with Fs/2 Sampling Mix with Fs/2
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Figure 2 « Chopper implementation in a high-speed data converter.
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Higher Noise Corner

Unfortunately, moving into smaller process geome-
tries goes in the opposite direction, resulting in a higher
1/f noise corner. This severely impacts the performance
of systems utilizing information contained in the area of
close-in phase noise around DC. For example, motor
controllers of high-power and precision motors use fre-
quencies and its harmonics of only a few hundred kilo-
hertz (kHz). Zero intermediate frequency (0IF) complex
receivers may employ carriers with only tens of kHz
offset. Thus, the 1/f noise performance of the high-speed
ADC is crucial for these applications. As a result, mod-
ern high-speed CMOS ADCs, such as the 14-bit, 125-
MSPS ADC3244, get outfitted with design enhance-
ments like an internal analog chopper front-end, which
combines the low-power CMOS ADC with very good 1/f
noise performance.

Chopper Front-End Circuit Implementation

Chopper circuits have been used for more than 30
years. Nowadays a ‘chopper’ refers to many different
switching circuits. Originally, the chopper was used to
convert a fixed DC input to a variable DC output volt-
age. The idea of using a chopper circuit with CMOS
ADCs is based on the same concept where the unwanted
1/f noise is transferred to a different frequency, as far
away as possible from the wanted signal itself (typically
to the Nyquist limit) (Figure 1). The ADC in our exam-
ple uses an analog, passive mixer prior to the actual
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1.0mm Features:
Frequency: DC to 110 GHz
Ruggedized construction for
repeatability & reliability, Phase
matched adapters, Captivated
Center Contact, Low VSWR &
Insertion loss, Cable Connectors
for various semi-rigid & flexible
cables, Receptacle configurations

including threaded & flanged.

SSMA Features:
Frequency: DC to 34 & 40 GHz
Mechanically compatible with our

ASSMA connector series,
Ruggedized construction for
repeatability & reliability, Reduced
size for superior packaging
capabilities, Low VSWR &
Insertion loss, Cable Connectors
for various semi-rigid & flexible
cables, Receptacle configurations
including threaded & flanged.

1.85mm Features:

Frequency: DC to 65 GHz
Mechanically compatible with
2.4mm Series, Ruggedized
construction for repeatability &
reliability, Phase matched
adapters, Captivated Center
Contact, Low VSWR & Insertion
loss, Cable Connectors for various
semi-rigid and flexible cables,
Receptacle configurations
including threaded, PCB &
flanged.

7mm Features:
Frequency: DC to 18 GHz
Mates with Precision 7mm
Connectors (Sexless/Genderless),
Robust Coupling Mechanism, Low
VSWR & Insertion loss, Cable
Connectors for various semi-rigid
& flexible cables. Receptacle
configurations including threaded

& flanged.

2.Amm Features:
Frequency: DC to 50 GHz
Mechanically compatible with
1.85mm Series, Ruggedized
construction for repeatability &
reliability, Phase matched
adapters, Captivated Center
Contact, Low VSWR & insertion
loss, Cable Connectors for various
semi-rigid & flexible cables.
Receptacle configurations
including threaded, PCB &
flanged.

Type “N” Features:
Frequency: DCto 11 & 18 GHz
Ruggedized construction for
repeatability & reliability,
Captivated Center Contact, Low
VSWR & Insertion loss, Cable
Connectors for various semi-rigid
& flexible cables. Receptacle
configurations including threaded

& flanged.




2.92mm Features:

Frequency: DC to 40 GHz
Mechanically compatible with
SMA & 3.5mm Series,
Ruggedized construction for
repeatability & reliability, Phase
matched adapters, Captivated
Center Contact, Low VSWR &
insertion loss, Cable Connectors
for various semi-rigid & flexible
cables, Receptacle configurations
including threaded, PCB &
flanged.

TNC(A) Features:

Frequency Range: DC to 18 GHz
Ruggedized construction for
repeatability & reliability,
Captivated Center Contact, Low
VSWR & Insertion loss, Cable
Connectors for various semi-rigid
& flexible cables, Receptacle
configurations including threaded

& flanged.

3.5mm Features:

Frequency: DC to 34 GHz
Mechanically compatible with
SMA & 2.92mm Series,
Ruggedized construction for
repeatability & reliability, Phase
matched adapters
Captivated Center Contact, Low
VSWR & insertion loss, Cable
Connectors for various semi-rigid

& flexible cables, Receptacle con-

figurations including threaded,

PCB & flanged.

Accessories:

SGMC Microwave offers a wide
variety of mechanical devices,
such as 7mm & Type N support
beads, SWIFT Wrenches, 7mm
Contacts, Male & Female Dust
Caps with & without beaded
chains & lanyards. SGMC
Microwave is constantly
developing newer accessories to
support our growing product lines.
If you would like a special
accessories that we do not
currently offer, please let us know,
we would be delighted to provide
you with a quotation for a custom
designed and manufactured
accessories.

SMA Features:

Frequency: DC to 18 & 26.5 GHz
Mechanically compatible with
3.5mm & 2.92mm Series,
Ruggedized construction for
repeatability & reliability,
Captivated Center Contact, Low
VSWR & Insertion loss, Cable
Connectors for various semi-rigid
& flexible cables, Receptacle con-

figurations including threaded,
PCB & flanged.

Assembly Tooling:

SGMC Microwave offers a wide
variety of tools to facilitate the
attachment of our cable
connectors to various coaxial
cables. The Connector to Cable
attachment integrity is vital fo the
success of achieving high
performance and reliability of the
completed assembly. SGMC
Microwave is constantly
developing newer tools and
improving existing tools. If you
would like an assembly tool that
we do not currently offer, please
let us know, we would be
delighted to provide you with a
quotation for a custom designed
and manufactured tool.
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Ordering Information
All SGMC Microwave products can be purchased from our exclusive distributor: C.W. Swift & Associates, Inc.
15216 Burbank Blvd. * Van Nuys, CA 91411 * Email: sales@cwswift.com
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(o)

Figure 3 ¢ High-speed CMOS ADC compared with off
(a)/on (b) chopper front-ends.

ADC-sampling network to accomplish this purpose.
High-fidelity audio converters use the same concept, but
employ a high-resolution (typically 24-bit) delta-sigma
ADC, versus a pipeline ADC.

The low-frequency input signal first gets shifted to
Fs/2 using an on-chip passive mixer that operates at
half the ADC clock frequency. Next the input signal gets
sampled, as with any other data converter, except the
low-frequency input signal now resides at Fs/2. In the
sampling process, the unwanted 1/f noise of the ADC-
sampling network gets added to the spectrum of the
input signal. This operation is followed by a mixing
block in the digital domain. The output spectrum is
mixed once more with Fs/2, which now shifts the origi-
nal wanted signal back near DC, and the 1/f noise near
Fs/2. As a result of this exercise, the input signal is
where it is expected and unaffected by the unwanted 1/f
noise, which is placed on the opposite end of the Nyquist
zone (Figure 2). At this stage, any 1/f noise contribu-
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tion from the analog
front-end signal chain
is already combined
with the wanted input
signal and does not get
shifted to Fs/2.
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Comparison of
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A comparison of

Afttenuation (dB)

the fast Fourier trans-
form (FFT) output
spectrum of the ADC

in our example with
the internal chopper
enabled and disabled
isillustrated in Figure
3. The low frequency
1/f noise is clearly vis-
ible when the chopper
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Frequency (MHz)

is disabled. Once the
chopper is enabled, the
flicker noise around
DC is shifted to Fs/2,
while the input signal remains untouched at 10 MHz.
However, the FFT spectrum also reveals an additional
byproduct of the chopper circuit. Besides shifting the
input spectrum, the passive mixer generates a tone at
Fs/2, also known as the local oscillator (LLO) feedthrough,
since the LO input is coupled into the output spectrum.
However, when digital post-processing filters are imple-
mented on the data, a likely scenario when analyzing
DC and near-DC information, the transposed 1/f noise
and LO feedthrough will be rejected.

The low-frequency improvement from the chopper
circuit becomes even more obvious when overlaying the
two FFT plots directly on top of each other and changing
frequency axis to a log scale (Figure 4). This reveals the
ADC’s 1/f noise corner of about 10 MHz, and clearly
shows the noise floor improvement between 3 kHz and
10 MHz.

Disadvantages of Employing a Chopper Front-End
The primary drawback for which a system engineer
needs to be cognizant is the LO feedthrough when using
a high-speed ADC with a chopper input. A large tone at
Fs/2 can potentially limit an automatic gain control
(AGC) loop when using a large amount of front-end gain
for capturing a very small amplitude input signal. In
that application, the LO feedthrough needs to be
removed with a digital filter prior to the AGC function.
Since the mixer is passive, the additional power con-
sumption from the chopper is very minimal and no addi-
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Figure 4. Low-frequency noise comparison between a chopper on and off.

tional signal-to-noise ratio (SNR) or spurious free
dynamic range (SFDR) degradation should be expected.

Summary

As modern high-speed data converters are taking
advantage of smaller process nodes for lower power con-
sumption and faster clocking rates, ADC design engi-
neers are implementing circuit enhancements to improve
the few disadvantages associated with finer CMOS pro-
cess geometries. A chopper front-end, as implemented in
the ADC3244 for example, is a great way to drastically
improve the unwanted flicker noise for applications
where information of interest is in the very low frequen-
cy range.
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P Feedback Amplifier

MMIC Broadband Feedback
Amplifiers

By John E. Penn

Abstract
A feedback amplifier is a simple design approach for broadband gain stages where noise
figure and power efficiency are not a primary driver. Four variations of a simple one stage feed-
back amplifier were designed using a 0.13 um GaAs Pseudomorphic High Electron Mobility
Transistor (PHEMT) process from TriQuint Semiconductor. The design and
A simple design [ fabrication of these circuits was performed during the Fall 2013 Johns
Jpprouch for @ Hopkins University Monolithic Microwave Integrated Circuit (MMIC)
broudbund guin stuyes B Design Course, taught by the author. In these very compact amplifier
where noise figure und | designs, an external bias was required for the drain supply. A modification
power efficiency ure Not | to the feedback designs to include a broadband DC supply using a second
J primaury driver. § PHEMT as an active load is also presented, both simulations and layouts.

Resistive Feedback Broadband Amplifier

One way to achieve broadband gain with an inverting transistor, such as a GaAs MESFET
or PHEMT, is to use resistive feedback to achieve octaves or even a decade of bandwidth. Figure
1 shows the simplest schematic of the feedback amplifier with the two key components that can
be tuned for the desired return loss, stability, and gain characteristics; the value of the feedback
resistor, and size of the transistor. In this case,a MMIC PHEMT can be varied in total periphery
(size = width of gate fingers *
number of gate fingers). This RES
simple arrangement ignores ID=R 1

the DC bias, but it is a good R=Rfb Ohm Rfb=310

starting point to simulate the

small signal performance
without worrying about bias
yet.

If you only have a non-

linear model, then it is a good SUBCKT
time to add a large capacitor ID=S3
to DC block the drain bias NET="D6x50CS 3 00V 30 00mA"

from the gate bias in the feed- PORT
back path. A 4 pF capacitor P=1

was added to the resistive | 7_50 Ohm

feedback path for these 1 2
designs. Two basic feedback
——
3

amplifier variations were cre-

ated, one used a standard PORT
6x50um PHEMT, and the pP=2

other a smaller 4x38um Z=50 Ohm
PHEMT. For this process, a
large shunt resistor on the

gate will provide part of a Figure 1 « Simplest Schematic of the Feedback Amplifier.
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P Feedback Amplifier

Figure 2 « Compact Layout Plot of 6 x 50um
PHEMT Feedback Ampilifier (0.5 mm x 0.4 mm).

broadband bias with
VGS=0V, while the drain
bias was expected to be an
external bias tee for these
compact layouts; about
the size of a PHEMT lay-
out for probe testing (see
Figure 2).

Symmetric Layout of
Feedback Broadband
Amplifier

Creating symmetry in
microwave circuit layout
is typically desirable. A
new design was laid out
with the RC feedback path
split into two dual parallel
paths which forced a lon-
ger connection to ground.
This additional source

inductance was reduced by using two parallel substrate vias (Figure 3). So
while the single RC feedback versus the symmetric dual parallel RC feedback
design is not quite an “apples to apples” comparison, they both resulted in

broadband stable amplifier designs.

Measured Small Signal Performance

Both the symmetric and single RC feedback amplifiers resulted in nearly
identical performance. Figure 4 shows the measured s-parameters and noise
figure (green) of the 6x50um PHEMT based amplifiers, resulting in a gain of
16 dB at 1 GHz that gradually drops to 8 dB at 15 GHz. The noise figure was
about 1.5 dB from 1 to 6 GHz, gradually rising to 2 dB at 15 GHz. Another pair
of the single and symmetric RC feedback amplifier designs was created using
a PHEMT of half the size, e.g. 4x38um, which consumes half the DC power of
the 6x50um design(s). Performance was similar, though the noise figure was

Figure 3 « Compact Layout Plot of 6 x 50um
PHEMT Symmetric “Dual” Feedback Amplifier.

slightly higher and the
gain slope falloff is more
gradual as shown in
Figure 5.

For the 4x38um ampli-
fier, the gain was mea-
sured as 14 dB at 1 GHz
gradually dropping to 9.5
dB at 15 GHz. The noise
figure was about 1.7 dB
from 1 to 6 GHz, gradually
rising to 2.1 dB at 15 GHz.
These measured results
agreed well with the origi-
nal Microwave Office
(MWO) analytical simula-
tions, as well as EM simu-
lations wusing Axiem,
Momentum, and Sonnet.
Figures 6 and 7 compare
the gain (magenta) and
noise figure (blue) mea-
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Figure 4 « Measured Small S-Parameters for Single (1) and Symmetric (2) 6
x 50um Feedback Ampilifiers.

surements (solid) versus simulations (dotted) for the 4x38um and 6x50um
feedback amplifiers. The “break” in the noise figure measurement at 6 GHz
is due to using two different instruments for the noise figure measurements,
one up to 6 GHz, and the other starting at 6 GHz.

Broadband DC Supply Using an Active Load (PHEMT)

Biasing of the original broadband feedback amplifiers assumed that the
drain DC bias was provided through an external bias tee. The gate bias for
these devices was already broadband, supplied by a large shunt resistor (2K)
to ground, since these PHEMTSs perform well with VGS=0V. So how do you
add a broadband biasing circuit? One solution that keeps the layout compact
and provides a bias that is tolerant to variations in processing, is to use a
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Figure 5 « Measured Small S-Parameters for Single (1) and Symmetric (2) 4
x 38um Feedback Ampilifiers.
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PHEMTS, thus improving efficiency
but with an increase of noise figure.
Simulations were performed using
an active load of 60% and 150% of the
nominal 4x38um or 6x50um size
used in the feedback amplifier with
little change in the small signal per-
formance, but with a small effect on
noise figure.

N W BTN 0O

6 7 8 9

Frequency (GHz)

10 11 12

For example, active loads of
6x30um, 6x50um, and 6x75um, with
the 6x50um feedback amplifier

13 14 15 16

Figure 6 « Measured (solid) versus Simulated (dotted)--Gain (Red) and NF

(Blue) of 6 x 50um Feedback Amplifier.

resulted in a DC bias ranging from
2.1V at 20 mA, to 3V at 27mA, to

3.7V at 33mA with a 6V Vdd supply.

NF ms BBA 4x38 |55 %sc ¥ RN The gain did not change much, but
16 3 GhHz | —T— T Briite e ORSARY 8 the noise figure at 3 GHz simulated
..... —— SR O, over a range of 1.8 dB, 2.0 dB, and 2.3
11 | oEEEs 10GH | EE0n,.  VRENL. |7 EOOT S5 S O5 ant =
Rl -2 =C 11.850B| |—owenw vowenm dB over these same active loads as
o S S S M £ - WAL TN — 6 the drain current increased. Note
that the active load provides a small
10 : 6 ~~~~~ 5 compact broadband DC bias, but does
""" increase the noise figure from the 1.4
8 4 dB in the original designs that
6 3 required an external drain DC bias.
R S The use of an active load to bias
4 2 the broadband feedback amplifier
results in a very compact layout,
2 1 though there is some increase in noise
figure, and a rolloff of low frequency
0 0 gain below 1 GHz, plus a slight drop
o 1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 in gain across the whole band. Figure
Frequency (GHz) 9 shows the simulated s-parameters

Figure 7 « Measured (solid) versus Simulated (dotted)--Gain (Red) and NF

(Blue) of 4 x 38um Feedback Amplifier.

second PHEMT as an active load to bias the amplifier.
The drain voltage can be supplied and split across two
equal sized PHEMTSs.

Figure 8 shows a simple schematic of the feedback
circuit which now has an active load, and two additional
capacitors. At the input pad for the drain voltage (Vdd), a
shunt cap (4 pf) to ground isolates the RF match from the
external DC connection. A second capacitor (4 pf) is used
to DC block the drain voltage of the amplifier from the RF
output. The size of these capacitors is a tradeoff of size
versus the low frequency rolloff of the gain. Also, the
active load could be changed to be smaller or larger than
the PHEMT used for the amplification. A smaller active
load reduces the current consumption and lowers the

of the broadband DC supplied feed-
back amplifier (solid) versus the origi-
nal design (dotted) using an external
bias tee. Figure 10 shows the compact
layout with the addition of a Vdd pad (nominally 6V), and
the same ground-signal-ground (GSG) probe test RF input
and output. Another advantage of the active load is that
using another PHEMT for the DC bias makes the ampli-
fier design robust to process variation.

Summary

Feedback amplifiers can provide very broadband gain
with moderate noise figure and efficiency, in a simple
compact layout. One simple approach to supplying DC
bias over a broadband is to use a PHEMT active load.
This approach can also be very small but will have some
negative impact on the noise figure and efficiency. For
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Figure 8 « Schematic of Broadband Feedback Amplifier
with Active Load for DC Bias (Vdd).

any application requiring a simple broadband gain block
where noise figure and efficiency are not primary drivers,
feedback is a good approach for the design tradeoff of
bandwidth, gain, return loss, stability, noise figure, and
efficiency.

Figure 10 « Compact Layout Plot of Active Load 6 x
50um/6 x 50um PHEMT Feedback Amplifier.
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10 Ompgapn,  Wmme, [ Ol o] 6 | where he teaches
Omgoypn  Owsewy M T RF & Microwaves I
5 OREME.  SREEIE.x. > | &II, MMIC Design,
N Gmf&% - and RFIC Design.
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TRsaa . gmail.com.
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Figure 9  Simulation of Active Load 6 x 50um/é6 x 50um PHEMT Feedback Amplifier.
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From Components to Systems.
Simulate, Optimize, Synthesize.

From the first steps to the finishing touches, CST STUDIO SUITE® is there for you in your design
process. Its tools allow engineers to develop and simulate devices large and small across the
frequency spectrum.The powerful solvers in CST STUDIO SUITE 2015 are supplemented by a range
of new synthesis and optimization tools, which are integrated directly into the simulation workflow.
These can suggest potential starting points for component design, allow these components to be
combined into systems, and finally analyze and fine-tune the complete systems.

Even the most complex systems are built up from simple elements. Integrate synthesis into your
design process and develop your ideas.

Choose CST STUDIO SUITE — Complete Technology for EM Simulation.

CST — COMPUTER SIMULATION TECHNOLOGY | www.cst.com | info@cst.com
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Power Dividers

2-Way & 4-Way, 30W Wilkinson Power Divides are
optimized for excellent performance across all Microwave
and Millimeter-wave bands from 6.000 GHz - 26.50 GHz
in (SMA). Also, Resistive 2-way splitters covering DC -
26.5 GHz (2.92mm). Also available are Attenuators,
Isolators, Terminations & Couplers. Rugged construction

makes them ideal for Telecommunications, Aerospace &
Test Equipment systems.

MECA Electronics
e-meca.com

Directional Coupler

Mini-Circuits’ ZFDC-20-33+ is a 509, 20 to 3000 MHz
Directional Coupler that features: very wideband, 20 to
3000 MHz; excellent directivity, 20 dB typ.; excellent
mainline loss, 1.0 dB typ.; rugged shielded case.

52 High Frequency Electronics

Applications: cellular; GPS; instrumentation; communica-
tion receivers & transmitters.

Mini-Circuits

minicircuits.com



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

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

01%6)
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) Ccw 0.1 to 2500 uSB 795.00
PWR-4GHS CcwW 0.009 to 4000 USB 795.00
PWR-6GHS cw 1 to 6000 UusB 695.00
PWR-8GHS cw 1 to 8000 UsB 869.00
NEW! PWR-8GHS-RC Ccw 1to 8000 USB &Ethernet 969.00
PWR-8FS Ccw 1 to 8000 USB 969.00
PWR-4RMS True RMS 50 to 4000 USB 1169.00

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

' Dynamic 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
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Passive Plus lne.

RF & Microwave Capacitoril_

Hi-Q
Capacitors

Ar/Microwave & Hr /UHF
Low ESR/ESL :
a3 __J

Case Size: 0505, 1111 & EIA sizes

Broadband

01005BB: 16kHz - 67GHz
« Insertion Loss: < 1db

+ Value: 100nF

- 4 \WVDC

0201BB: 16kHz - 65GHz
« Insertion Loss: < 1db

«» Value: 100nF

- 16 WVDC

0402BB: 16kHz - 35GHz
« Insertion Loss: < 1db
+ Value: 100nF

- 25 WVDC

| Pn wer Assemblies |

ﬁﬁ“

Serles / Parallel Comblnatlons

Aerospace * Aviation * Military
Commercial * Medical

Telecommunications

+ Unmatched customer service
+ Online store for —
immediateavailability IRAIAVCRE

- Design kits in stock [TV To3= "y
- Inventory programs M‘I
Booth
Call us today #1831
631-425-0938
sales@passiveplus.com

www.PassivePlus.com

Get info at www.HFelink.com
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Mixer

Richardson RFPD announced availability and design support for a new
low passive mixer from M/A-COM Technology Solutions. The MAMX-
011021 features 8 dB of conversion loss and +23 dBm of input intercept
point (ITP3) and is offered in a 1.5 mm x 1.2 mm TDFN 6-lead plastic pack-
age. The RF, LO and IF frequency ranges are 5-35 GHz, 3-33 GHz and
DC—4.5 GHz, respectively.

Richardson RFPD
richardsonrfpd.com
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Power Meter

The 4530 series RF Peak Power Meter can make Peak, CW Power and
RF Voltage measurements at high speed from 10 Hz to 40 GHz. Features:
Frequency Range: 10 Hz to 40 GHz; Dynamic Range: Peak Power >60 dB
CW Power -90 dB; Synchronous/Asynchronous Triggering; Dual-channel
statistical measurements (CDF/PDF); Modulation bandwidth to 20 MHz;
GPIB - SCPI/RS232 commands.

Boonton
boonton.com
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LCR Meter

Keysight Technologies introduced three low-fre-
quency options for its E4982A LCR meter. With these
new options, the E4982A is well suited for RF induc-
tor, coil and EMI filter manufacturers that are
required to perform impedance testing at various
frequencies. The options cover the 1 MHz to 300 MHz
(Opt. 030), 500 MHz (Opt. 050) and 1 GHz (Opt. 100)
frequency ranges.

e
I CIDEJC
C‘DEU.__

Keysight Technologies
keysight.com

A Whatever Your Requirement.....
A VidaRF Offers a Solution.
o

I RF 1-877-777-vida (8432)
sales@vidaRF.com
S|m|]|0 SOllltlﬂlls. RF Components that can be
for complex connections built to your specifications and

delivered quickly... high quality
at a competitive price point.

. TECHNOLOGIES LLC

LB5918A

USB Power Sensor

1MHzto 18 GHz =

WALPWR 20 g mvnmﬂﬁﬁ

Sensor Connector Option

LadyBug now offers an SMA female
connector option on its LB5918A high-
accuracy, true RMS 1 MHz to 18 GHz
power sensor. The SMA connector
(option OSF) is suitable for many appli-
cations and is ideal for customers that
require an RF cable connection to the
sensor. Combined with LadyBug’s No
Zero Just Measure, patented no-zero no-
cal technology, the new connector adds
even more flexibility for users.

LadyBug Technologies
ladybug-tech.com

Isolators / Circulators Directional/Hybrid Couplerst Power Dividers
RF Cable Assemblies Connectors Adapters T = -]

Get info at www.HFelink.com
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engineering

the perfect wawve

WIUVRAS-TR-LP T8 1o 118 GHe Milareies Wave VR Extended
iptemitet e mrpregns it 3
- -.--il.p\’r-\.'lﬁ- R

Frequency Extender Module

OML introduced the Low Power VNA frequency extension series;
VxxVNA2-LP. Currently available in waveguide bands from 50 GHz to 110
GHz, this model offers a max output of 0 dBm, typical raw directivity of 37 dB

and typical dynamic range of 110 dB. Contact OML for more details.
0.1 ~ 50 GHz

OML
System Amplifier omlinc.com
INTRODUCING THE

VPA-250

Value Intrinsic Designed
Compact Amplifier with simple
“plug’n play” operation

* (Clean power and gain over 0.1~50 GHz
* (Gain >25 dB (30 dBm saturated power output)

« A differential voltage proportional to output
power, is externally provided.

* Universal Wall Mount 12VDC power included
* Woman Owned Small Business
3 Year New Product Warranty

Freq (GHz)
Specs Description 0.1~10 10~26 26~40 40~50
Psat (@Bm)  Saturated Ouput Power 30 28 26 24
P1dB (dBm)  1dB Compressed Power 25 24 23 2
S21(dB)  Small Signal Gan 30 28 26 24
SIEB)  IputMaich BB 0 8
522(dB)  Output Match 12410 -8 -8
S12(dB)  Reverse lsolation 60 60 50 50
NF (dB) Noise Figure 9 9 11 14
Epoxy
VIDA Products Inc Master Bond EP42HT-2LTE is often chosen for a variety of bonding, seal-
ing, coating, and select casting applications in the electronics, aerospace, opti-
3551 Westwind Bivd cal and specialty OEM industries. This two component epoxy has a flowable
Santa Rosa. CA 95 40:’3 paste consistency that enables precise alignment with minimal fixturing. It
Phone: 707’_5 41-7000 cures at room temperature or more quickly with the addition of heat.
info@vidaproducts.com Master Bond
www.vidaproducts.com masterbond.com

Get info at www.HFelink.com
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NIC +8Y

RFIN Amplffech RFOUT
APT2-05400550-1010-L8-D4

LNA

The APT3-05400590-1010-LS-D4 is a low noise ampli-
fier with super-low noise figure (<0.9dB, 0.7dB typical).
Lower NF options are also available with custom Flatness,
VSWR, P1dB, and packaging. An internal limiter at the
input offers protection of up to 2W CW of RF input power

over the full band. The high performance is an example of
AmpliTech’s industry-leading low-noise design.

AmpliTech
amplitech.com

Mixer

Model SFB-33333310-2828SF-M1 is a full waveguide band,
high input P-1dB double-balanced mixer. The mixer exhibits
input +9 dBm P-1dB and 10 dB conversion loss in the frequency
of 26.5 to 40 GHz. It also offers very low harmonic products. The
2RF-LO and 2LO-2RF products are -40 dBc typical relative to
its fundamental product. In addition, the mixer has 15 dB or
better port to port isolation.

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.

HF Broadiand 12'1'?“1;“4- RF Transformens
Transfommens. T To2? Typs “U"
2 1o JOMHz To-24 2 to M0MHz
HF amglifiers N N
Woeck o conpivnpors | (gl @A | Communication Power
nd PE boards for the Motarala
igrs fostured i Concepts, Inc. Combi
e B! 508 Matone Dive, Besvercrenk, OH 45434-5040
: el dayioniipobon.com
e PECIL  BOOW PEP
ANTTEL [(20W)  ANTSE (300w wWawW coOmmunication-concepts. com PECIH 100N PEP
ANTTGH (20W)  AR30S (300W) 4 Port
ANTEZ (14DW) ARGT (300W) | See et bty s PECAL 1700w FER
EDEA (1404 EDO4 (S0ow; |MERITEE BT | pscaH 2000w PEP
EETA (300w ARMI(wotw) | ER EOE |  Pscens  swow PER

Get info at www.HFelink.com



P Product Highlights

Design Software

V12 NI AWR Design Environment/Visual System
Simulator (VSS) now adds support for the design and
analysis of phased arrays as well as for their implemen-
tation in a system of antenna elements. Seamless system
and circuit level co-simulation is readily available: users
can use antenna and component characterizations
obtained from EM design tools (AXIEM or Analyst), or
from measurements, and place them into the desired

array configuration.

NI AWR
awrcorp.com

T EER G oo

Making the Connection
to your Solutions

Coupler L
Precision

Waveguides

Patented “Boss & Jack”

Precision Waveguide Intetface
VNA

Copper Mountain Technologies
will unveil a high-performance vec-
tor network analyzer series at its
booth # 3424 at the International
Microwave Symposium. These prod-
ucts offer faster measurement
speeds while maintaining a wide
dynamic range. Plus, a unique com-
bination of size and speed make
these forthcoming VNAs optimal for
fast production and BTS filter tun-
. 7 i : : ing.

Copper Mountain Technologies
coppermountaintech.com

Innovation in Millimeter Wave Measurements

www.omlinc.com
(408) 779-2698

Get info at www.HFelink.com
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Switches

Fairview Microwave announced a new portfolio of
electromechanical relay switches that cover ultra-broad-
band and millimeter-wave frequencies up to 40 GHz.
They are guaranteed to perform up to 2 to 10 million life
cycles, which make them ideal for applications related to
defense, radar, wireless communications, satellite com-
munications, test and measurement and more.

Fairview Microwave
fairviewmicrowave.com

EMF Measurement

AR’s Model SM400K and SM40G
are solutions for measurement and
analysis of electromagnetic field safe-
ty applications. These portable instru-
ments operate over a wide range of
frequencies while maintaining a
small, handheld footprint. They
record the temperature of the sur-
rounding environment as well as its
GPS coordinates which can later be
viewed through mapping software.

AR RF/Microwave Instrumentation
arworld.us

m A wrveralls Tenen

'am 1 B | -.-... S Ny .>
".?im‘bf?@ Your Potential”

www.amplitechinc.com  info@amplitechinccom  Tel: 631 521-T831 Fanx: 631 521-7871

] GHz § C
Mount LNA [>25 dB Gain)

Wideband Amplifier (NF<1.0dB) I
for PGS, GPS, WiFi & 4G/5G

KA TONE

[
IMsS
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Power Divider

Model series 151-215-XXX is a family of resistive
power dividers in 2, 4, 6 and 8 way configurations. These
50 Ohm, 1 watt average power devices have an operating
frequency range of DC - 6 GHz. Insertion loss above theo-
retical loss is + 1.0 dB nominal for 2 and 4 way configura-

tions. Insertion loss above theoretical loss for 6 and 8 way
configurations is + 1.0 dB nominal DC- 5 GHz and + 1.6
dB nominal 5 - 6 GHz.

BroadWave Technologies
broadwavetechnologies.com

- [ ]
Maximize
Your Design Capabilities With

FILTER SOLUTIONS

2l

Integrete lﬁumﬁmmn inta AWRS

simul Mo

& Wlegrele designs directly into CST
STUDIO SUITE®

& Sonner” EM structure extractions

; ;ﬂﬁm AUGHat AN vles sie evailakle for enport 1o AWR
* Foldad C i e sirmul gors
FOES-COUpIEn 1
designa e b * Export distributed olomant filters

diractly 1o Sonnet’s EM twols
* EM correcled designs using

Sonnel Co-calibrated™ ports
* Impan moasurement hased

S Parometer models using
Modalithics Libranes

= fljusinbile Group Delay sgualization

* Combhne, Heirpin aed latendigital:
Edge Coupled or Shuni Stub

» Duiput direciy into AuleCed

+ Touchstana format 5, Y and 7
Parametor netlists

www. nuharnz. com
Mervk Americs [STI22R. 7800
Fumspe: 84 BOTLE 1235 3840

Nvhertz

Get info at www.HFelink.com
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Power Supply

Keysight Technologies introduced four performance
options for its Advanced Power System (APS) N6900
Series DC power supplies. In conjunction with the power
supply’s VersaPower architecture, the new options boost
test-system versatility and make it easy for test engineers
to tune power supply capability. The N6900 options
enable engineers to meet their ATE testing needs without
paying for more capability than they require.

Keysight Technologies
keysight.com



International Microwave Symposium an IS

IEEE 17-22 May 2015 - Phoenix, Arizona, USA MTT-S

INTRODUCING THE RF BOOT CAMP!

NEW FOR IMS2015!

The RF Boot Camp is a new program
debuting at IMS that will focus on
providing an introduction to

RF Basics. Whether you’re new to the
industry, looking to refresh your
current skill set or gain more practical
experience, this course is for you!

The RF Boot Camp features multiple presenters from
industry and academia presenting on a variety of topics
critical to successful RF engineering, including:

« Network Analysis

« Modular Instruments

+ Signal Generation and Analysis

« RF Simulation Fundamentals

« Impedance Matching Fundamentals

« Introduction to Simulation-Based GaN PA Design

+ Understanding Basic RF Analog Receiver Design

and Analysis.
Wednesday, 20 May, 2015
RF Boot Camp - 8:00am-2:00pm
Exhibition - 2:00pm-6:00pm
Industry Hosted Reception - 5:00pm-6:00pm

In addition to presentations and discussions, test equipment
will be on hand for demonstrations and visualization.

For more information please visit:
ims2015.org/technical-program/rf-boot-camp

Register today and receive a 50% off coupon to share with a
colleague or friend who has never attended IMS! estrictions apply)
Visit ims2015.0rg for complete program details.

IEEE m JOINTHE ICONVERSATION: #1MS20158 f iR}







POWER
SPLITTERS/
COMBINERS

noW' 2kHz 1018 GHzZ 100 79°

The Industry’s Largest Selection includes THOUSANDS

of models, from 2 kHz to 18 GHz, at up to 300 watts power, in coaxial,
flat-pack, surface-mount and rack-mount housings for 50 and 75 Q systems.
From 2-way through 48-way designs, with 0°, 90°, or 180°

phase configurations, Mini-Circuits power splitters/combiners  offer

outstanding performance for insertion loss, isolation, and VSWR.

Decades of experience with multiple technologies make it all possible, from

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

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

outline drawings, PCB layouts, and everything else you need to make a decision
quickly, at minicircuits.com. Just enter your requirements, and our patented search
engine, Yoni2, searches actual test data to find the models that meet your needs.

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!

RoHS Compliant
Product availability is listed on our website.

—

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
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Waveguide Components 1
from 2.6GHz to 110GHz
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Frequency Mixer . T ;
Mini-Circuits’ ADE-132FH+ is a Level 17 (LO Power +17 dBm), 1050 to OECTOR MICROWA

1300 MHz Frequency Mixer that features: excellent IP3, 31 dBm typ.; INDUSTH'ES, ]NC

excellent P1 dB compression, +20 dBm at input; good L-R isolation, 33 dB | WER10

typ.; good L-I isolation, 34 dB typ.; aqueous washable; patent pending.

Applications:GPS; amateur radio.
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Mini-Circuits
minicircuits.com
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Cable Analyzer

Anritsu introduced a Vector Voltmeter Mode (VVM) for its Microwave
Site Master™ S820E cable and antenna analyzer that allows it to be used
as a drop-in replacement for legacy Vector Voltmeter instruments. With the
ability to provide full A/B and B/A ratio capability without additional and
expensive VNA options, it is a compact, durable, cost-efficient single-
instrument solution to make key field measurements.

Anritsu Company
anritsu.com
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Product Showcase

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

When only i best will do

Frequency SYNTHESIZER

www.luffresearch.com
sales@Iluffresearch.com
Tel: (516) 358-2880 Fax: (516) 358-2757

Waveguide & Coax RF Bay, Inc.

Materials Measurements E 3

Setups | Tz
Wb Rr
ORI S h
e L 10GHz Divide-by 13 Prescaler B50-050MHz 10W Power Amglifier 100KHz - 10GHz RF Amplifier
! *4 > d - Low Noise Amplifier -Voltage Control Oscillator
- - g * Power Amplifier * Phase Locked Oscillator
e P * Frequency Divider * Up/Down Converter
‘ - Frequency Doubler * RF Power Detector
- Frequency Mixer - RF Switches
RF Bﬂr I“c-
Measure 19225 Orbit Drive, Gaithersburg, MD 20879
Mu Tel: (301) 880-0921, Fax: (301) 560-8007, Mobile: (240) 645-8591
and Email: sales@rfbayinc.com, Website: www.rfbayinc.com
Epsilon
Resins 2 2
Foams Frequency SYNTH I'ESLZI_IER For Bonding and Sealing
. z
Ferrites o EP&&HT"I Aﬂ Epn!y
Magrams * Thermal conductivity:
0.1 - 20+ GHz 9-10 H:I'I.I-in."f% -Ilr-'F
= Electrically insulative

e and spurious

DROs to 32 GHz
CROs to 5 GHz
PLXOs to 1.4 GHz

ustom designs are our specialty

www.luffresearch.com
sales@Iuffresearch.com

Tel: (516) 358-2880 Fax: (516) 358-2757

www.damaskosinc.com

= Serviceability:
-100°F to +550°F

*T,>215°C

www.masterbond.com
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Synthesizer

The popular QuickSyn Lite frequency synthesizers size, and low cost. They are available in three bands—27
are now extended to millimeter-wave. The new synthe- to 40 GHz, 50 to 67 GHz, and 76 to 82 GHz—and are
sizer modules employ the same revolutionary phase- designed to supply medium power output.

refining technology that all QuickSyn products use to
enable fast switching speed, low phase noise, compact

NI Microwave Components
ni-microwavecomponents.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. Now 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,

Get info at www.HFelink.com
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Isolators

Isolators optimized for excellent
performance across Microwave and
Millimeter-wave (K, Ku & Ka bands)
covering 18.0 - 26.5GHz, 27.0 -
31.0GHz & 26.5 - 40.0GHz in 2.92
mm connectors. Also available are
Attenuators, Power Dividers,
Terminations & Couplers. Their rug-
ged construction makes them ideal
for Telecommunications, Aerospace &
Test Equipment systems. Made in
the USA — 36 month warranty.

MECA Electronics
e-meca.com
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DDR4 App Note

This new application note cov-
ers both the challenges and the
solutions for DDR4 compliance
testing, including specific solution
examples. Included are insights
into test requirements, accurate
testing techniques, and JEDEC
standards specifications.

Keysight Technologies
keysight.com

Termination

XMA Corp. announced the
release of high frequency termi-
nations with zero outgassing fea-
tures. A recent independent test
performed by Integrity Testing
Laboratory (ITL) confirmed a
finding that 40 GHz millimeter
wave terminations manufactured
by XMA meet ASTM Method E
595 Total Mass Loss and Collected
Volatile Condensable Material
standards.

XMA Corp.
xmacorp.com

Performance Over Time

You can't afford to wonder if your cables are

imgacting your results. You expect your cables

to be reliable. You need your cables to last. - :
Insist on authentic

But, with 75% of cables failing during .
installation or operation, your cable selection GORE® Mrcmwavef RF

needs to be more than an afterthought. Test Assemblies - the

Choosing authentic GORE® Microwave/RF roven purple performer.
Test Assemblies is the only way to be sure o Sl

your cables will stand up to the rigors of

everyday use in demanding applications.

GORE® PHASEFLEX® Microwave/RF Test -
Assemblies - for proven performance, time
and again. Learn what sets GORE®

MicrowaveRF Test Assemblies apart at: FmrT e ———
[t
www.gore.com/test

Visit us at IMS 2015, Booth 1042

j/ repeatability //m

GORE, PHASEFLEX, the purple cable and designs e |
are trademarks af W, L. Gore & Associates, Follow us on ﬁL‘i E ﬁ

Get info at www.HFelink.com
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Antenna

Model SAM-3533532205-28-1.1 is a 35 GHz microstrip
patch array antenna. It is a linear polarized antenna that
implements series—fed power distribution to achieve low-
est sidelobe levels. Gain is 22 dBi and beamwidth is 15
degrees vertically and 4.8 degrees horizontally with bet-
ter than 20 dB sidelobe suppression level. It is construct-
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ed with high performance and low loss soft microwave
substrates to achieve the best performance.

SAGE Millimeter
sagemillimeter.com

HPA

Cree released the highest power Ku-Band MMIC
available on the market. Covering the 13.5 — 14.75 GHz
commercial satcom band, the new 30W GaN MMIC two-
stage high power amplifier (HPA) will allow the satcom
industry to achieve higher power, more efficient Ku-Band

68 High Frequency Electronics

solutions than the incumbent TWT or GaAs solutions
utilized today.

Cree
cree.com
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Analyzer App Note

A new app note describes mea-
surement  techniques  using
FieldFox handheld analyzers and
shows examples for measuring and
troubleshooting transmission lines
installed in a system. It describes
transmission line types, including
coaxial cable, two-wire, waveguide
and a variety of printed circuit con-
figurations. Also discussed: very
long cable insertion loss, gain
through frequency translation,
waveguide loss, distance to fault,
and more.

Keysight Technologies
keysight.com

Synthesizer

The MLBS-Series Bench test
synthesizers are ideal for produc-
tion test sets, laboratory tests and
test equipment racks where gen-
eration of microwave signals is
essential. Frequency coverage is 2
to 20 GHz. Each bench top synthe-
sizer consists of a frequency syn-
thesizer, heat sink, power supply,
cooling fans, keyboard, display,
USB interface, Ethernet interface
and a manual tuning knob.

Micro Lambda Wireless
microlambdawireless.com
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GT Microwavae... The Leading Edge in Performance

2 Emery Avenue

Randolph, NJ O7BES UEA
a73-381-B8700 Fax: 973-381-BE722
www.gtmicrowave.com

a-mail: sales@Wgtmicrowava.com

Get info at www.HFelink.com
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Laboratory Microprobe Station

J microTechnology introduced a new model of the successful and affordable LMS-27/3X microprobe station product
line to enhance the flexibility of microprobing solutions. The most recent introduction has the following features:

e 3” rounded square gold plated shielded and isolated chuck with vacuum

stage has 1”7 of X-Y movement plus 0.090” of Z lift.

e 11.5” X 15” nickel plated steel top plate for magnetic positioners.

e Accessories include a vacuum pump, tubing and tools.

e Shipped in a wheeled, cut foam lined, waterproof shipping container for system safety and storage.

e Compatible with KRN-09S micro positioners with flexibility for either Shielded DC needle probes, Triax probes,
coax and microwave probes.

Optics offered for a system include either a Binocular or Trinocular 7X-30X microscope with adjustable intensity
LED ring light.Positioners are magnetic mount with 0.5” of fine adjustment travel using ball bearing slides in X-Y-Z.
Probe mount for positioner offer a high level of gross height adjustability for setup of non-standard or non-wafer tests.
Applications include: chip, carrier and wafer device test and characterization, sample lot verification and qualification,
pilot/small lot production test fixture. The basic base system to configure a required test platform, rugged, flexible and
affordable.

Turn-key systems or individual components are available, usually from stock.

J microTechnology
jmicrotechnology.com
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Power Divider

VidaRF offers a new 2 way power divider Model: VPD-20180A2,
Directional Coupler, VDC-20180A10 and Hybrid Coupler VHC-20180A,
SMA S/Steel connectors, operating temp -55 to +85 C. Sealed and
painted to meet IP65 standards.

VidaRF
vidarf.com

Power Divider

Werbel Microwave’s 4PN325
4-way power divider covers 500 -
6,000 MHz continuously with typi-
cal 1.5/1.2:1 input/output VSWR,
22-dB typical isolation and pre-
cisely tuned for excellent phase
balance at all ports. The unit is
usable down to 250-MHz with roll-
off toward 2:1 VSWR. Rugged,
large and heavy all-American con-
struction.

Werbel Microwave
werbelmicrowave.com

Classic Designs

Are Timeless®

Just like the & & ~
legendary Ford Built * ’
GT500 Mustang classic design... wm®
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.

Contact Sandi@Lansdale.com today.

5245 South 39th Street

Phoenix, AZ 85040-9008

Phone: 602.438.0123 « Fax: 602.438.0138

LANSDALE

Get info at www.HFelink.com
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LTE Tester

Anritsu Company and EMITE announced that the Anritsu MT8820C Radio Communication Tester has been suc-
cessfully used in combination with the EMITE E500 Reverberation Chamber and Anite Propsim FS8 channel emula-
tor to test LTE Carrier Aggregation, using 2x2 MIMO and more realistic isotropic Urban-Macro (UMA) fading profiles.
The tests were performed for a leading U.S. carrier.

“We are very happy to have Anritsu’s excellent MT8820C base station emulators integrated in our MIMO OTA
Carrier Aggregation RC+CE test platform, as this will certainly add value to our customers,” said David Sanchez-
Hernandez, CEO and co-founder of EMITE. “Being able to test LTE CA + MIMO + UMA with a variety of auxiliary
equipment units is a novelty worldwide, and brings MIMO OTA testing to a higher level of realism and applicability
worldwide.”

The MT8820C LTE One-Box Tester is a multi-format 2G, 3G, and LTE tester with capability for UE calibration, RF
parametric testing, and functional testing, including call processing or no-call based testing. Supported formats include
LTE-A, LTE, W-CDMA/HSPA CDMA2K up to 1xEV-DO rel. A, TD-SCDMA/HSPA, and GSM/GPRS/EGPRS. The
MT8820C provides the most stable and most widely proven implementation of cellular standards for base station
emulation and “call box” testing.

EMITE’s unique multicavity mode-stirred source-stirred reverberation chamber solutions (MSRC) provide for a
variety of fading scenarios at a fraction of the cost of alternative anechoic chamber-based test solutions. Along with
conventional uniform, isotropic Rayleigh and more complex SCME-based fading profiles for MIMO OTA testing, the
EMITE solutions are the only ones also offering other standardized fading profiles using the patented Sample
Selection technique, something unheard of in the wireless arena until now.

Anritsu Company
Anritsu.com
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HF/UHF Power Applications

Capacitors

Passive Plus now offers a line of Hi-Q Capacitors available in 4 larger case
sizes. Specifically produced for high power / high frequency requirements,
these products available in surface mount or leaded configurations that are
100% RoHS compliant and are also available in a Non-magnetic termination.

Passive Plus
passiveplus.com

SDLVA

Pasternack introduced an all
new line of broadband log video
amplifiers covering multi-octave
bandwidths from 0.5 GHz to 18
GHz. The 5 models being released
include 4 Successive Detection
Log Video Amplifiers (SDLVA),
and 1 Detector Log Video Amplifier
(DLVA), which offer a wide input
dynamic range, high signal sensi-
tivity, fast recovery times, and
excellent temperature stability.

Pasternack
pasternack.com

Temperature
ariable Attenuators

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

e Casesize 0.150" x 0.125" x 0.018"

* Choice of three temperature coefficient of attenuation (TCA)
values: -0.003, -0.007, -0.009

Attenuation values from 1-10 dB
Planar design with solderable or wire bondable terminations

Lower signal distortion, phase change and intermodulation
compared with active circuit temperature compensation

State of the Art.

State of the Art, Inc.

www.resistor.com

2470 Fox Hill Road, State College, PA 16803-1797
Phone: 800-458-3401 or 814-355-8004 * Fax: 814-355-2714
E-mail: sales@resistor.com ® Source code: 56235

QUALIFICATIONS  1S09001 & AS9100 » MIL-PRF-55342 « MIL-PRF-32159 « MIL-PRF-914

Get info at www.HFelink.com
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(P ) PASTERNACK

THE ENGINEER'S RF SOURCE

The Industry’s
Largest Selection
of Off-the-Shelf
RF/Microwave
Amplifiers

All in-stock
and available
to ship the
same day

High Pisair Amplifiars

e Frequencies from DC to 40 GHz
e Gain ranging from 10 to 60 dB
e P1dB from 2 mW to 100 Watts
e Noise figures as low as 0.8 dB

e (Gain variation down to +0.3 dB

pasternack.com
866.727.8376

Get info at www.HFelink.com
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VCO

Crystek’s CVCO55CCQ-3500-3500 VCO operates at 3500 MHz with a
control voltage range of 0.3 V~4.9 V. This VCO features a typical phase noise
of -115 dBc/Hz @ 10 KHz offset and has excellent linearity. Output power is
typically +6 dBm. Engineered and manufactured in the USA, the model
CVCO0O55CCQ-3500-3500 is packaged in the industry-standard 0.5-in. x 0.5-
in. SMD package.

Crystek
crystek.com

Switch

PMI Model No: P2T-500M18G-80-T-515-SFF-4W is a SPDT, Absorptive,
PIN Diode Switch that operates over the 0.5 to 18.0GHz frequency range.
This switch handles a maximum RF Input Power of 4 Watts CW, a switching
speed (On/Off) of 200ns, an Isolation of 70 dB Minimum, Insertion Loss of 3.5
dB Typical, VSWR of 2:1 and the DC power supply is +5, -15vdc. Size is only
1.07X 1.0”X 0.40”.

Planar Monolithic Industries
pmi-rf.com
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THE ENGINEER'S RF SOURCE
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RF PARTS.
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Armed with the world's largest selection of in-stock, ready to ship RF components, and the brains to
back them up, Pasternack Component Engineers, or Componenteers™ as we like to say, stand ready
to troubleshoot technical issues and think creatively to deliver solutions for all your RF project needs.
Whether you've hit a design snag, you're looking for a hard to find part or simply need it by tomorrow
our Componenteers are at your service. Call or visit us at pasternack.com to learn more.

RF SPECIALIST LARGEST RF SAME - DAY pasternack.com
SUPPLIER INVENTORY SHIPPING 866.727.8376
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Controller

Linear Technology Corporation announced the LTC3892, a high voltage dual output synchronous step-down DC/
DC controller that draws only 29pnA when one output is active and 34pA when both outputs are enabled. The 4.5V to
60V input supply range is designed to protect against high voltage transients, ensuring continuous operation during
automotive cold crank and to accommodate a broad range of input sources and battery chemistries. Each output can
be set from 0.8V to 99% of VIN at output currents over 20 amps with efficiencies as high as 96%, making it well
suited for 12V or 24V automotive, heavy equipment, industrial control, robotics and telecom applications.

The LTC3892/-1’s adjustable 5V to 10V gate drivers enable the use of logic- or standard-level MOSFETSs to maxi-
mize efficiency. It operates with a selectable fixed frequency between 50kHz and 900kHz, and can be synchronized to
an external clock from 75kHz to 850kHz. The user can select from continuous operation, pulse-skipping and low ripple
Burst Mode® operation during light loads. The LTC3892/-1’s 2-phase operation reduces input filtering and capacitance
requirements. Its current mode architecture provides easy loop compensation, fast transient response, fixed frequency
operation, excellent line regulation and easy current sharing with paralleled phases for higher current. Output current
sensing is accomplished by measuring the voltage drop across the output inductor (DCR) for the highest efficiency or
by using an optional sense resistor for high accuracy. Current foldback limits MOSFET heat dissipation during over-
load conditions. This device is available in two versions; the LTC3892 being the full-featured part with two power good
signals, adjustable current limit and fixed 3.3V or 5V output voltage options.

The LTC3892 is available in a 32-lead 5mm x 5mm QFN package and the LTC3892-1 is available in a 28-lead
TSSOP package. Four temperature grades are available, with operation from -40 to 125°C for the extended and indus-
trial grades, a high temp automotive range of -40°C to 150°C and a military grade guaranteed from -55°C to 150°C.

Linear Technology
linear.com
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Cavity Filter

RLC Electronics introduced a series of high
frequency surface mount cavity filters for small
scale, low profile system integration. Designs
are created and constructed using proprietary
techniques resulting in rugged, stable perfor-
mance over a full range of environmental |
stresses. High Q cavity filter performance is :
available up to 30 GHz with profile height as

low as 200mm.

RLC Electronics
ricelectronics.com

Isolator

Model F3338-3325 is a full
band WR28 waveguide junction
isolator covering 26.5GHz to
40.0GHz frequency range with
0.6dB maximum insertion loss,
16.0dB minimum reverse isola-
tion, 1.4:1 VSWR at input and
output, and can handle 5 Watts of
CW power with 2 Watts of reflect-
ed power. The RF ports are
designed to match to UG-599/U
waveguide flanges.

Wenteq Microwave
wenteq.com
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TWO OF THE MOST INFLUENTIAL LEADERS IN THE INDUSTRY,
NARDA & MITEQ, HAVE JOINED FORCES

nmir= UeAt

narda @ =] g
t
Narda and MITEQ. Two Established Pioneers. One New Industry Leader. 206%6

Introducing L-3 Narda-MITEQ, your single source for the most robust, highest-quality RF and microwave products on
the market. Backed by 60 years of experience in pioneering the industry, we’re committed to continuing our record of
innovation and delivering the solutions our customers need. Narda and MITEQ - a powerful combination.

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

n m L-3com.com

Narda-MITEQ

Get info at www.HFelink.com
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Multiplier

respectively.

Custom MMIC
custommmic.com

Custom MMIC announced the CMD214, a new 24 to 36 GHz (output)
active x2 frequency multiplier in die form. The CMD214 accepts input
signals in the range of 12 to 18 GHz and provides output to the second
harmonic (24 to 36 GHz) at a level of +17 dBm. Isolations to the
fundamental and third harmonics are greater than 32 dBc and 25 dBec,

QuickSyn Synthesizers
Now Extended to mm\W

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.

-
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ni-microwavecomponents.com/quicksyn

877 474 2736
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Get info at www.HFelink.com
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Attenuator

The 50P-2014 from JFW Industries
is a 200-6000 MHz, solid-state variable
attenuator with 0-95 dB of attenuation
in 1 dB steps. It’s designed with USB
control (via USB Mini-B connector), so
it’s perfect for research & development
labs or other flexible test environments
(JFW software included or .dll file for
integration into your own applications
supplied upon request).

JFW Industries
jfwindustries.com
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Vincent McHenry

The microwave industry lost one of its true pioneers
when Vincent J. McHenry, co-founder of OmniSpectra and
Southwest Microwave, passed away April 2. He was 86.

McHenry was born
on August 30, 1928 in
Detroit, Mich. He
attended the University
of Detroit and subse-
quently entered the US
Army Signal Corps,
where he became an
instructor in micro-
wave systems during
the Korean War.
Following his military
service, McHenry
joined the Bendix
Corporation, engaging
in the design and test-
ing of microwave com-
ponents, including a
series of miniature
components (connec-
tors, ferrite phase shift-
ers, hybrid and direc-
tional couplers and ter-
minations) for the
Navy’s Eagle Missile
Radar Guidance
System. McHenry was granted nine patents covering
these devices.

While at Bendix Research Laboratories, McHenry
investigated the potential of this newly designed minia-
ture coaxial connector, which he concluded in a 1959
report “would be an acceptable addition to any microwave
system requiring a compact, low VSWR coupling method.”
This family of connectors became the prototype for the
OSM series at OmniSpectra, Inc., a company McHenry
co-founded in 1962. He first served as its New Product
Development Manager and later as Vice-President of
Sales.

In late 1962, McHenry made another major mark on
the industry by filling a longstanding need to upgrade the
performance of conventional RF coaxial connectors. Using
the engineering principles of the OSM series, he quickly
produced a very low reflection, physically short between-
series adapter prototype, which led to a complete line of
adapters from OSM to other types, including N, C SC,
TNC and BNC.

In 1981, McHenry co-founded his most successful ven-
ture, Southwest Microwave, where he worked as Director

of Technology for the company’s Perimeter Security and
Microwave Interconnect product divisions until his pass-
ing. During his tenure, McHenry made significant contri-
butions to the design
and manufacture of the
company’s line of
microwave  sensors,
and was instrumental
in the development of
the company’s
INTREPID™
MicroPoint™  fence-
mounted  intrusion
detection system.
These Southwest
Microwave technolo-
gies, which earned
McHenry several addi-
tional patents in the
1970s and 80s, still
play critical roles today
in the physical security
and protection of gov-
ernment and military
compounds,  utility
sites, correctional insti-
tutions and industrial
facilities worldwide.

McHenry had a sin-
cere interest in Southwest Microwave’s employees, consid-
ering each of them to be a part of his extended family. His
profound influence within the organization encouraged
several generations of engineers to follow his path of inno-
vation in RF technology and production design.

In 1997, McHenry won the Institute of Electrical and
Electronic Engineers (IEEE) Pioneer Award, a prestigious
Microwave industry honor for contributions to the devel-
opment of electronic or aerospace systems. He was recog-
nized, along with John H. Bryant and another Southwest
co-founder, James Cheal, for his leading role in the inven-
tion of the Subminiature Type A (SMA RF) Coax Connector.
This technology has remained in use for nearly 50 years,
and marked a significant achievement in both McHenry’s
career and the field of Microwave technology to which he
dedicated his life.

Vince McHenry was preceded in death by his beloved
wife of 38 years, Barbara. He is survived by his sister
Irene MacKinnon, his son Dean McHenry, his two daugh-
ters Andrea McSweeny and Ann McHenry, six grandchil-
dren, and two great-grandsons.
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RF Cable
Assemblies

CUSTOM SOLUTIONS >
UNMATCHED DESIGN

FLEXIBILITY

With a vast selection of standard and custom RF
coaxial connectors and cable assemblies, Molex
offers high performance with design flexibility.

Designed for 50 and 75 Ohm applications, cable
designs are offered in standard configurations,

as well as custom, ganged and bundled harness
solutions. They accommodate a wide range of
cable types that include MIL-C-17, semi-rigid,
conformable and micro coaxial cables. Wireless
jumper cables are constructed with either annular
or helical corrugated cable.

Flexible Microwave Cable Assemblies offer
excellent electrical properties while replacing
difficult-to-install, semi-rigid assemblies.

molex.com/product/rfcables

fRERNR N C

With a wide array of cables and connectors
tailored to meet precise specifications, Molex can
design a solution perfect for your application.
Applications include:

e Wireless Internet TV and Audio

¢ Telecommunication Networks

¢ Wireless Base Stations

¢ Network Interfaces

Medical Devices
e Access Controllers
* Repeaters

Visit our site to design your cable assembly
with our online configurator.

molex
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Richardson RFPD’s unbeatable combination of deep
technical expertise and wide product portfolio allows our
customers to realize even their grandest design ideas.
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