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C.W. SWIFT & Associates distributes our extensive inventory of
SGMC Microwave’s quality products ... OFF THE SHELF!

EDGE LAUNCH BULKHEAD & PANEL
CONNECTORS ebsa 4 Ly ADAPTERS

ISO 9001:2008

C.W. SWIFT & Associates, Inc. Visit Us In
15216 Burbank Blvd., Van Nuys, CA 91411 San Francisco!
Tel: 800-642-7692 or 818-989-1133 or Fax: 818-989-4784 IMS2016
sales@cwswift.com ewww.cwswift.com Booth #2331

CLoSED EVERY ST. PATRICK’S DAy!



Meet the magic number for two-watt
temperature-variable attenuators

Push the limits of frequency without sacrificing performance. Powerfilm
surface-mount attenuators from Inmet, part of APl Technologies Corp,,
vary with temperature and are the perfect balance of price, power, and
dependability. They offer the flattest broadband performance of their kind
and allow you to create automatic- and passive-link margin compensation
on a wider variety of transmit and receive chain circuit applications.

Save money and space by throwing out your complicated gain-control
circuitry and required bias and control voltages. Visit our website for
complete details and request a sample today.

734-426-5553 | 888-244-6638 | inmet.apitech.com

powerfilm

.. o Microwave Global
jﬁ}"th'cs Models™ Available

= -0.005 dB/dB/°C shift
models available from stock

= New higher shift models
feature -0.009 dB/dB/°C

= DC to 12 GHz operation

= Superior RF attenuation
vs. temperature

= Excellent return loss
vs. frequency

= Design kits available
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Wideband
Transformers&Baluns!

NoW!

4 kHZ = 18 GHZ From 99ea¢(qty.20)

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. ’# /

to search our entire model database by performance criteria and 2 X )

find the models that meet your requirements. Order today and have (7;(7:5,,)( 015" ggs % 0.05” g{ggf 0.10"
them in hand as soon as tomorrow! Cost-effective custom designs ' Ceramic Ceramic
and simulations with fast turnarounds are just a phone call away! O RoHS compliant,

|| - - - ®
[ JMini-Circuits
www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
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5kHzto18 GHz upto 250W

NO‘N\ Looking for couplers or power taps? Mini-Circuits has
326 279" models in stock, and we’re adding even more! Our

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

Directional/Bi-Directional

COUPLERS

from 9 53& (qty.1000)

At the other end of the scale, our new connectorized
air-line couplers can handle up to 250W RF input power,
with low insertion loss and exceptional coupling flatness!
All of our couplers are RoHS compliant. So if you need
a 50 or 75Q, directional or bi-directional, DC pass or DC

block coupler, for military, industrial, or commercial
applications, you can probably find it at minicircuits.com,
and have it shipped today!

[ JMini-Circuits’

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

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

with open software and modular hardware

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

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

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

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

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

> Learn more at ni.com/redefine

800 813 5078 NATIONAL
INSTRUMENTS
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p Editorial

Phoenix Comfortable
(Part 2 of 2)

Tom Perkins
Senior Technical Editor

Last month I promised more on the May IEEE MTT-S
Symposium. First, an update on attendance. According to a
Weber Shandwick press release, the total attendance
exceeded 8,600, from 56 countries. Twenty-three percent
were first-time attendees. There was a record 904 exhibitor
booths. Seventy-five technical sessions were held. Looking
ahead to next year, fully 92 percent of the exhibit space for
IMS 2016 in San Francisco is already sold.

Wearables
As mentioned last month, the intersection of health and RF and micro-
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wave technologies was a hot topic. An over-arching theme was “wearables.
For example, flexible skin-like patches called Biostamps, described by John
Rogers of the University of Illinois, will be able to keep track of wellness.
These sensors, good for about a week of wear, will monitor body temperature,
heartbeat rate, hydration, exposure to UV rays, blood oxygen, glucose levels,
etc. A Biostamp may contain hundreds of transistors, as well as resistors,
LEDs, and at least one antenna. Where high frequencies come into play is
that the device powers itself from near-field communication radio signals—
typically the wearer’s cellphone, smartphone, or other wireless device. This
energy harvesting along with data transfer may be via near-field communica-
tion (NFC) at 13.56 MHz. The Biostamp also may gather energy at longer
distances using frequencies between 1 and 2.5 GHz.

Name Recognition and LoB

One general observation was that several companies, both old and new,
have names which perhaps do not well describe their products or lines of busi-
ness (LoB). With the recent proliferation of acquisitions and also certain
obsolescence of older technology, some enterprises, that have traditional name
recognition with one or two types of devices, now have a broad range of often
newer products. It seems that they need to make a focused effort to adjust
their identity, lest they be left out of some great opportunities. Some compa-
nies seem to be placing subtitles or captioning after their names to mitigate
this issue. Others, while changing their name, have found clever ways to pull
in their heritage, which can be important. Keysight’s “Not Your Grandfather’s
HP” serves as a worthy example here.

Doherty Amplifiers

Peregrine Semiconductor announced the first product from the Monolithic
Phase and Amplitude Controller (MPAC) product family consisting of a 90
degree hybrid splitter, two phase shifters, a digital step attenuator and a
serial interface on a single die. This part is intended for phase-tuning flexibil-



ity for optimizing dual-path dynami-
cally load-modulated architectures
such as Doherty power amplifiers.
Incidentally, there was a technical
session led by Ed Niehenke and Jim
Komiak that included Doherty
Amplifiers that date back to 1936.

While on the subject of amplifiers:
Northrop Grumman announced the
highest power output GaN MMIC
ever produced at Ka-band, with a
peak power of 40W at 27 GHz.

Mergers and Acquisitions

Mergers and acquisition
announcements are often reserved
for, or around, the IMS. This year the
acquisition of Freescale by
Netherlands-based NXP in March
was big news. Freescale had both a
large display booth and also its
80-foot-long, 40-ton “Internet of
Tomorrow” truck. The trailer dis-
played categories such as “Fitness
Wearables and Medical,” “Advanced
Driving Systems,” and “Smart Home,
Buildings, Cities and Energy.” Once
parked, the trailer extends upwards
with a second-floor meeting room and
third-floor balcony. The segment of
NXP displaying at IMS is apparently
not part of the merger.

It was announced during IMS
week that Cree would spin off its
GaN products. Earlier this year
Rogers Corporation, maker of micro-
wave laminates, acquired Arlon. Due
to IMS exhibition sign-up deadlines,
Rogers therefore had two booths in
Phoenix, one of which they cleverly
used for one-on-one conferences.

Avago Technologies debuted a
Miniature RFIC for Satellite Digital
Audio Radio Service (SDARS) Car
Radio Systems. They claim this
industry-first highly integrated LNA-
Filter module enables SDARS coexis-
tence with cellular, WiFi, Bluetooth
and GPS. Shortly after the sympo-
sium, Avago announced the acquisi-
tion of Broadcom for approximately
$37 billion. Since 1999 Broadcom has
itself acquired dozens of companies.

Faster Time to Market

A great deal of emphasis was
placed on streamlining design and
test processes to get reliable products
to market faster. New multifunction
instruments with incredibly powerful
data storage are speeding up the test
process. Low-cost USB-connected
alternative test solutions continue to
evolve for low-budget hardware

developers. One defense-centric com-
pany appeared confident that “open
system hardware” would enable fast-
er time to market and enable seam-
less solutions.

IMS 2016
IMS 2016 is set for the week of
May 22 to 27, 2016, in San Francisco.

Powerful Multipath/Link
Emulator

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

Sophisticated Satellite link emulation

Mobile Comm’s on the_move t€sting

Test solutions for ....

WIN-T

- warfare information networks, tactical

MUOS  imobile user objective system

JTRS
IRIS /

- Joint, Tactical Radio System

= Interngt routing in space

< Medernization Enterprise Terminal

RF Test Equipment for Wireless Communications

~ dlEBmCorp, Inc

LT
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W] e ) abie]

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

www.dbmcorp.com

Get info at www.HFelink.com



P Meetings and Events

CONFERENCES & MEETINGS

2015 IEEE MTT-S International Conference on Numerical
Electromagnetic Modeling and Optimization for RF,
Microwave and Terahertz Applications (NEMO 2015)

11-14 August 2015

Ottawa, Canada

http:/nemo-ieee.org

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

2015 IEEE International Symposium on Radio-Frequency
Integration Technology (RFIT)
26 — 28 August 2015
Sendai, Japan
www.leee-jp.org/japancouncil/chapter/MTT-17/rfit2015/

2015 IEEE MTT-S 2015 International Microwave Workshop
Series on RF and Wireless Technologies for Biomedical
and Healthcare Applications (IMWS-BIO)

21 — 23 September 2015

Taiwan

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

2015 IEEE International Conference on Ubiquitous Wireless
Broadband (ICUWB)

4 — 7 October 2015

Montreal

www.icuwb2015.0org

2015 IEEE 24th Electrical Performance of Electronic Pack-
aging and Systems (EPEPS 2015)

25 - 28 October 2015

San Jose, California

http://epeps.ece.illinois.edu

Paper Submission Deadline: 26 June 2015

2015 IEEE International Conference on Microwaves, Com-
munications, Antennas and Electronic Systems (COMCAS)
2 - 4 November 2015
Tel Aviv, Israel

8  High Frequency Electronics

http://www.comcas.org
Paper Submission Deadline: 30 May 2015

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

10 - 12 December 2015

Hyderabad, India

http://www.imarc-ieee.org

Paper Submission Deadline: 7 August 2015

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

COMPANY-SPONSORED
TRAINING & ToOLS

Analog Devices

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

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

http: | | www.awrcorp.com / news/ trainings

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

v
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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 harmomc generators for 'ghe military 'm:arket. Whether . MLER and MLERD 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

utilizing industrial parts and the components can be screened and >_ M |CRO LAM BDA
tested to specially designed test plans. ﬁ WI RE LE SS I NC
] 7 n

Micro Lambda is a ISO 9001:2008 Registered Company “Look to the leader in YIG-Technology”

www.microlambdawireless.com

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




P Market Reports

RF Component Revenue in Wireless
Backhaul Applications to Decline

While wireless backhaul radio quantities will grow
slowly, price erosion will create a decline in RF component
revenues in the segment. The Strategy Analytics Advanced
Semiconductor Applications (ASA) spreadsheet model and
Forecast and Outlook report, “Wireless Backhaul RF
Component Demand: 2014 — 2019,” forecasts RF compo-
nent revenues will experience a compound average
growth rate of minus 2 percent over the forecast
period.

The report concludes:

Even though the quantity of wireless backhaul radios
will grow and wireless will remain the backhaul method
for more than 50 percent of the market, fiber-based back-
haul networks will capture market share.

The need to accommodate rapidly increasing amounts
of data consumption will push equipment manufacturers
and operators to higher frequency bands. The frequency
bands at 60 GHz and above will see an annual
growth rate of 33 percent, as enormous available
bandwidth outweighs the design challenges of these
higher frequencies.

While this market is served primarily by GaAs devices,
GaN revenue for power amplifiers will grow to $6 million
in 2019.

Strategy Analytics’ Eric Higham commented: “There is
no question that backhaul has become a critical part of
wireless network deployment and the rapid increase in
wireless data consumption is forcing system designers to
develop networks that provide options for future growth.
This “future-proofing” is leading to fast growth in the
higher frequency bands, but it is also creating much more
interest in fiber-based front haul and the added capabili-
ties which that architecture provides.”

—Strategy Analytics
strategyanalytics.com

China Drives RF Power Amplifier
Sales to Nearly US$5 Billion in 2014

The year 2014 was strong for wireless infrastructure
hardware—especially RF power amplifiers—and pros-
pects look good for growth through 2020. The Asia-
Pacific region, including Japan, continues to account for
the majority of RF power amplifiers that are sold into the
mobile wireless infrastructure segment. According to ABI
Research’s Research Director Lance Wilson, “For the
foreseeable future the Asia-Pacific region, particu-
larly China, will remain the most important region
and focus for RF power amplifiers for wireless infra-
structure.”

LTE and TD-LTE have become increasingly important
factors in this business and will continue as the engines

10 High Frequency Electronics

of growth for the future. “Although up until 2014, LTE
had not significantly impacted RF power amplifier sales
to the degree some would have wished,” says Wilson, “that
has changed now and as 2014 demonstrated, it is going to
drive RF power sales in the wireless infrastructure space
from 2015 onward.” The continuing overall need for
wireless data remains an important driver for the overall
market for RF power amplifiers for wireless infrastructure.

ABI Research’s report RF Power Amplifier Equipment
for Cellular and Wireless Infrastructure examines quanti-
tatively how RF power amplifiers are evolving to the
changing topologies of modern basestations, remote radio
heads, and active antennas. Quantitative forecasts are
presented through 2020.

—ABI Research
abiresearch.com

Consolidation Gathers Pace in EMC

Test Equipment and Services Market

The need for regulatory compliance across industries is
imparting new momentum to the electromagnetic compat-
ibility (EMC) testing equipment and services market in
North America. Monitoring of radio frequency devices such
as transmitters, receivers and industrial scientific medical
equipment, as well as radiation and immunity testing
requirements, stimulate adoption.

New analysis from Frost & Sullivan, EMC Test
Equipment and Services Market in North America finds
that the market earned revenues of $453.4 million in
2014 and estimates this to reach $607.6 million in
2021.

“The rising popularity of electric vehicles and smart
grid systems will unlock substantial opportunities for
EMC test equipment and service vendors in North
America,” said Frost & Sullivan Measurement and
Instrumentation Research Analyst Janani Balasundar.
“The highest demand for EMC testing will stem from
the dynamic wireless communication industry in
the region.”

However, manufacturers are being forced to reduce the
cost of testing in the price-sensitive market. The ensuing
commoditization of EMC test services limits service pro-
viders from expanding their portfolio. On the other hand,
expensive EMC test equipment restricts service providers
from serving a broad range of industries.

Creating awareness among customers on the costs
involved in performing a reliable EMC test that will help
improve product performance and eradicate interference is
vital to market success.

—Frost & Sullivan
frost.com
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Ideal for use in Bias Tees, Coilcraft conical inductors offer

flat bandwidth and high impedance to 40 GHz

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

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

\&/ wilcrafidirect.com 4
@® @ No min ord

ler. Next day delivery.

WWW.COILCRAFT.COM

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

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

/
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P In the News

White Sands Missile Range.

DARPA’s High-Energy Liquid Laser Area Defense
System (HELLADS) has demonstrated sufficient laser
power and beam quality to advance to a series of field
tests. The achievement of government acceptance for field
trials marks the end of the program’s laboratory develop-
ment phase and the beginning of a new and challenging
set of tests against rockets, mortars, vehicles and surrogate
surface-to-air missiles at White Sands Missile Range,
New Mexico.

“The technical hurdles were daunting, but it is extremely
gratifying to have produced a new type of solid-state
laser with unprecedented power and beam quality for its
size,” said Rich Bagnell, DARPA program manager. “The
HELLADS laser is now ready to be put to the test on the
range against some of the toughest tactical threats our
warfighters face.”

Ground-based field testing of the HELLADS laser
is expected to begin this summer as an effort jointly
funded by DARPA and the Air Force Research Laboratory.
Following the field-testing phase, the goal is to make the
system available to the military Services for further refine-
ment, testing or transition to operational use.

The HELLADS program has been developing an electri-
cally driven solid state laser at greatly reduced size and
weight over lasers of similar power for tactical use. The
laser was developed by DARPA performer General Atomics.

L

Imaging of Earth from satellites in space has vastly
improved in recent years. But the opposite challenge—
using Earth-based systems to find, track and pro-
vide detailed characterization of satellites and other
objects in high orbits—has frustrated engineers even as
the need for space domain awareness has grown. State-
of-the-art imagery of objects in low Earth orbit (LEO), up
to 2,000 km (1,200 miles) high, can achieve resolution of
1 pixel for every 10 cm today, providing relatively crisp
details. But image resolution for objects in geosynchronous
Earth orbit (GEO), a favorite parking place for space assets
roughly 36,000 km (22,000 miles) high, drops to just 1 pixel

12 High Frequency Electronics

uthfield &) W. M. Keck Observatary

DARPA is seeking paths to high-res imaging of GEO objects.

for every 2 meters, meaning many GEO satellites appear
as little more than fuzzy blobs when viewed from Earth.
Enabling LEO-quality images of objects in GEO would
greatly enhance the nation’s ability to keep an eye on the
military, civilian and commercial satellites on which soci-
ety has come to depend, and to coordinate ground-based
efforts to make repairs or correct malfunctions when they
occur.

Achieving that goal will require radical technological
advances because traditional or “monolithic” telescopes
designed to provide high-resolution images of objects in
GEO would be too physically and financially impracti-
cal to construct. For instance, achieving image resolution
of 1 pixel to 10 cm for objects at GEO would require the
equivalent of a primary imaging mirror 200 meters in
diameter—longer than two football fields. To overcome
these limitations and expedite the possible development
of revolutionary benefits, DARPA has issued a Request
for Information (RFI) seeking specific technological
information and innovative ideas demonstrating
the potential for high-resolution imaging of GEO
objects.

The RFI envisions a ground-based system that would be
a sparse-aperture interferometer, which instead of rely-
ing upon one primary imaging mirror would measure the
interference patterns of light detected by multiple smaller
telescopes, from which a composite image could be derived.
The GEO-imaging interferometer would rely on only
passive (solar) illumination or thermal self-emission
from imaged objects and could require the use of
many telescopes, quite likely in a reconfigurable
array. Responses to the RFI may inform a potential future
program.

F ok ok

NI (formerly AWR Corp.) announced that undergradu-
ate students at the University of Peradeniya (PDN)
in Sri Lanka designed a unique multistage coupler
using NI AWR Design Environment™ circuit design
software, specifically Microwave Office. The students
designed and simulated a unique wideband coupler that
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P In the News

improves directivity by increasing the number of stages of
the coupled line coupler, resulting in improved bandwidth
performance, directivity and phase compensation.

“I use NI AWR software extensively in the undergradu-
ate projects I supervise,” said Dr. Aruna Gunawardena,
senior lecturer at PDN. “In particular, the wideband
asymmetric coupler project was submitted as a paper at
the IEEE International Conference on Industrial and
Information Systems in December 2014 and won the sec-
ond best paper award.”

ok ok

Cobham AvComm, formerly a division of Aeroflex and
manufacturer of advanced test solutions for P25, DMR,
dPMR™, NXDN™, TETRA and analog land mobile radio
test solutions, is proud to announce the selection of Nextec
Global as a Global Channel Partner for the USA, Latin
America and other selected areas worldwide. “We are excit-
ed to be able to offer the Cobham 8800S Digital Radio Test
Set, the 3920B Analog and Digital Radio Test Platform,
the 3550R Portable Radio Test System, and other products
to Nextec’s existing customers. Their legacy of reliable
service and support now can be provided to new Cobham
AvComm customers worldwide,” said Bill Martin, Vice
President of Worldwide Sales and Customer Support for
Cobham AvComm.

S

Crane Aerospace & Electronics was selected by
Gulfstream Aerospace Corp. to supply its ELDEC®
Transformer Rectifier Units (TRU) on the Gulfstream

G500 and G600. Each aircraft will have five 250 Amp
TRUs, which will provide DC bus power throughout the
aircraft. Gulfstream previously selected the same TRU for
use on the G650 aircraft providing commonality across all
three aircraft models.

Ed Fuhr, Vice President, Power Solutions for Crane
Aerospace & Electronics said, “We have a long-standing
relationship with Gulfstream and are pleased to be work-
ing with them on the G500 and G600. We are excited to
provide our lightweight and reliable TRUs on these new,
advanced business jets.”

Crane Aerospace & Electronics has been the world’s lead-
ing supplier of Transformer Rectifier Units (TRUs) for
commercial and business aircraft since the 1960s. The
high-efficiency 250 A TRU offers 115V AC 3-phase current
at 400Hz input, with 28V DC output power.

F ok ok

Raytheon Integrated Defense Systems presented Mini-
Circuits its 4-Star Supplier Award for the fifth consecu-
tive year, recognizing outstanding quality and service.
The award was presented at Raytheon’s Operational
Excellence Supplier Conference, held at Gillette Stadium,
Foxborough, Mass. Separately, Mini-Circuits announced
the industry’s widest selection of products specially
designed and specified for DOCSIS 3.1 compliant sys-
tems and equipment. Its catalog for these applications
features over 60 off-the-shelf models from passive devices
to active components.

Count on Herotek for unparalleled perfor

COMB and IMPULSE
GENERATORS

LIMITERS

v'Robust solutions

DETECTORS

v'Superb durability

www.herotek.com * 408-941-8399 - Herotek Inc. 155 Baytech Drive, San Jose CA 95134 -

RF & Microwave Products from DC to 75 GHz

AMPLIFIERS

PIN SWITCHES

v'Experienced team to handle your needs

.' Herotek .l

Herotek. 30 Years of Advanced Design and Expertise.

info@herotek.com
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the accuracy of Rubidium...

PRS 10 Rubidium Oscillator (10 MHz)

e Less than 5 X 10-1" aging per month

e Ultra low phase noise (-130 dBc/Hz @ 10 Hz)
¢ 20 year lamp life

e 1 pps input and output

¢ RS-232 computer interface

$1495 (us. list)

FS725 Benchtop Rubidium
Frequency Standard

¢ 5 MHz and 10 MHz outputs
¢ 0.005 ppm aging over 20 years

¢ Built-in distribution amplifier
(up to 22 outputs)

¢ 1 pps input and output
* RS-232 computer interface

$2695 (u.s. list)

SRS rubidium frequency standards have excellent aging characteristics, extremely low
phase noise and outstanding reliability.

The PRS10 component rubidium oscillator is designed for easy system integration. It
has a 1 pps input for phase-locking to an external reference (like GPS) and provides
72 hour Stratum 1 level holdover.

The FS725 benchtop instrument is ideal for the metrology laboratory as well as the
R&D facility — anywhere precision frequency is required. It generates 5 MHz and 10
MHz signals and has a built-in distribution amplifier with up to 22 outputs.

SRS Stanford Research Systems
1290-D Reamwood Ave. Sunnyvale, CA 94089 - email: info@thinkSRS.com
Phone (408) 744-9040 - Fax (408) 744-9049 - www.thinkSRS.com




GaN Amp

Comtech PST introduced a Gallium
Nitride (GaN) amplifier for applica-
tions in the X-Band weather radar
market. The AB linear design oper-
ates over the 9.3 - 9.5 GHz frequen-
cy range intended for use in radar
applications. Features include op-
tions for control of phase and am-
plitude to allow for integration into
high power systems utilizing con-
ventional binary or phased array
combining approaches for power
levels of up to 10 kW.

Comtech PST
comtechpst.com

Power Divider

Marki Microwave introduced the
first family of Wilkinson power di-
viders specifically designed for digi-
tal data. The PD-0426, PD-0440,
PD-0450, and PD-0465 offer very
low excess insertion loss (only 3
dB up to 65 GHz) combined with
flat group delay and high isolation.
These properties allow the power
dividers to split data with less loss
than resistive power dividers, espe-
cially into poorly matched loads.

Marki Microwave
markimicrowave.com

Multiplier
Model SFA-713863410-12KF-S1 is
a 71GHz to 86GHz X4 active mul-
tiplier designed for E-Band commu-
nications and automotive radar ap-
plications. It converts 17.75 to 21.5
GHz/+5 dBm input signal to deliver
71 to 86 GHz frequency band with a
typical +10 dBm output power. The
spurious and harmonic suppres-
sions are 60 dBc 20 dBc or better, re-

16 High Frequency Electronics

P Featured Products

spectively. It draws 250 mA current
from a +8Vdc DC power supplier.

SAGE Millimeter
sagemillimeter.com

VCO Selection Guide

Z-Communications announced the

release of a new Product Selection
Guide. This short form catalog in-
cludes a wide variety of surface
mount VCO (Voltage Controlled
Oscillator) and (PLL) Phase Locked
Loop Synthesizer modules ranging
from 40 MHz to 15 GHz. Users can
download an electronic version of
the product guide in PDF format or
contact the company for a hard copy
version.

Z-Communications
zcomm.com

FEM

The SKY65709-81 is a Front-End
Module (FEM) with an integrated
Low Noise Amplifier (LNA) and pre-
filter designed for the BeiDou Satel-
lite Navigation System/Global Posi-
tioning System/Global Navigation
Satellite System (BDS/GPS/GNSS)
receiver applications. The device
provides high linearity, excellent
gain, a high 1 dB Input Compres-

sion Point (IP1dB), and a superior
Noise Figure (NF).

Skyworks Solutions
skyworksinc.com

[l'i!-l:':?'}

GRF201§:

Gain Blocks "

Guerrilla RF announced a line of
gain blocks that feature industry-
leading linearity and outstanding
saturated output power along with
low noise. These internally matched
devices enable a number of gener-
al-market designs including small
cells, cellular repeaters, LTE/WCD-
MA linear driver amplifiers, high
power saturated power amplifier
(PA) drivers and other wireless in-
frastructure applications.

Guerrilla RF
guerrilla-rf.com

Power Amp

Model SBP-8138632520-1212-E1
is an E-band high power amplifier
with a small signal gain of 25 dB
and a P-1 dB of +20 dBm minimum
in the frequency range of 81 GHz
to 86 GHz. The DC power require-
ment for the amplifier is +6.0 to
+12.0 Vdc¢/1,000 mA. The input and
output port are inline configuration
as shown in the photo with both
WR-12 waveguides and UG387/U
Flanges.

SAGE Millimeter
sagemillimeter.com

Synthesizer Module

The QM2010-10-20 RF Synthesiz-
er Module is a low-cost, wideband
10 GHz to 20 GHz frequency syn-
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CONVERTERSE UP TO 110GHz
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UP TO 160GHz

FILTERS/DIPLEXERS
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SWITCHES UP TO 160GHz
PHASESHIFTERS I_JF TO 160GHz
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thesizer ideally suited for bench
toptest and measurement. It is a
low-cost, portable alternative to
benchtop RF signal generators. It
is USB powered and can be locked
to either the internal 10 MHz
reference or an external 10 MHz
reference through the provided
MMCX connector.

Quonset Microwave
quonsetmicrowave.com

Diplexer

DPB6588-75+ is a high perfor-
mance diplexer with the lowpass
port at DC - 65 MHz and highpass
port at 88 - 1220 MHz. Excellent
return loss combined with high
out of channel rejection makes
it a ideal component in cable TV
and multiband radio systems.
Features: Low insertion loss, 1.2
dB Typ.; High rejection, > 45 dB;
Very good return loss, 22 dB Typ.;
75Q Impedance; Used in DOCSIS
3.1 standard.

Mini-Circuits
minicircuits.com

™ NI AVWR Design
Emﬂrunment

Design Software
NI (formerly AWR Corporation)
announces the availability of the
first major release in 2015 of NI
AWR Design Environment™ for
designers of monolithic micro-
wave integrated circuits (MMICs),
radio-frequency printed circuit
boards (RF PCBs), modules and
more. V12 was previewed for the
first time at International Micro-
wave Symposium 2015, creating
significant interest, and feedback

P Featured Products

from early-access customers has
been very positive.

NI
awrcorp.com

Power Divider

PMI MODEL APD-8-30M6G-SFF
is a 30 MHz to 6.0 GHz amplified 8
way power divider module. It pro-
vides a nominal insertion loss of
6 dB with a typical flatness of 1
dB over the operating frequency
range. Over 36 dB of reverse iso-
lation is provided with a typical
noise figure of 6.5 dB and an input
1 dB compression of -2.5 dBm. In-
put and Output VSWR is less than
2.0:1 into 50 OHM impedance.

Planar Monolithics Industries
pmi-rf.com

Amplifier

Comtech PST announced a new
Gallium Nitride (GaN) amplifier
for X-Band applications. This class
AB linear design operates over the
full 9.0 - 10 GHz frequency range
and is ideal for use in Phase Ar-
ray Radar applications, as a TWT
replacement or for a microwave
communication link. It features
phase and amplitude control, in-
ternal DC to DC converters and
DC filtering, PA self-test and LED
fault indications, unique wave-
guide coupling circuits, an inter-
nal isolator and digital control via
a magic tee.

Comtech PST
comtechpst.com



Gang-Mounting Produces
Monumental Results

Is space aconcernonyour PWB's?  Misalignmentissues?

Delta’s “Design Solutions” are the answer!

Multiple RF/Microwave
interconnectionsin
restricted packaging
spacing is now achievable...

q rs ~

DELTA Delta Electronics Mfg. Corp. is the industry leader in

ELECTRONICS MFG. CORP. RF, Microwave and Millimeter wave Gang-Mounting
“Connect Here Technology. Our engineering team will work closely

(978)476-7939 with you to offer a standard, or a customized version,
deltarf.com to optimize your design.

sales@deltarf.com
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Filter

CBP-915C+ is a ceramic-coaxial-
resonator based bandpass filter in
a shielded package fabricated using
SMT technology. This filter offers
outstanding close in rejection, low
insertion loss and high power han-
dling for use in scientific and medi-
cal (ISM) applications. Features:
Narrow bandwidth; Excellent Re-
jection; High power handling; Min-
iature shielded package.

Mini-Circuits
minicircuits.com

Cable Assemblies

The 4.1/9.5 Series connectors and
cable assemblies designed to ad-
dress increasing demands in mo-
bile communication industry in-

demand, low PIM, Albaloy plating
and at same time reducing its size
to support ongoing space reduction
requirements. Smaller footprint
(30% less than 7-16).

VidaRF
vidarf.com

Filter Selector

Skyworks through its subsidiary
Trans-Tech announced webCRaF'T,

filter selection program. Custom-
ers can search for bandpass filter
solutions by defining target perfor-
mance criteria. Frequencies range
from 300 to 5000 MHz and band-
widths from 2 to 25 percent. Filters
outside of those boundaries are
available upon request.

Skyworks Solutions
skyworksinc.com
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App Note

This new app note provides solution
examples for dealing with the chal-
lenges of DDR4/LPDDR4 device
design, including increasing data
rates and new systems not behav-
ing as designed.

Keysight Technologies

cluding

keysight.com

increasing performance a new Web-based ceramic bandpass

CUSTOMIZED DESIGN QUOTES IN 24 HOURS

www pulsarmicrowave.com
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High Power Coaxial:

= Directional Couplers
= Bi-Directional Couplers
= 90° Hybrid Couplers
= N-Way Power Dividers/Combiners

Custom High Power Super Components

Poweg propucT®

Pulsar Microwave Corporation announces the formation of a new high power division:

Preferred Power Products (P3). This new division focuses primarily on high power Directional Couplers, Power
Dividers/Combiners, 90 Degree Hybrid Couplers, and custom passive high power assemblies covering frequency
ranges from 0.1 MHz to 14 GHz with power capabilities into the multi-kilowatt levels.

The new division is headed up by Paul Davidsson, former founder and president of RF Power Components, Inc.
Paul's experience encompasses over 30 years of experience in high power active and passive technology.

For a complete catalog of components, visitt: WWW.PREFERREDPOWERPRODUCTS.COM
sales@preferredpowerproducts.com
772-485-9786
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CUSTOM VCOs

You Define If, We'll Design If.
3 MHz to 7GHz

Sfaﬂ‘/”g at

$4995" ...

Send us your requirements using our online spec checklist for a response within 4 days!

Need a VCO custom designed for your project? Mini-Circuits
just made it easy. Go to minicircuits.com and enter your
requirements into our online VCO spec checklist. Our
engineers will review your application, run simulations
and respond to discuss your request within four days or
less. We can optimize models for wideband, linear tuning,
dual output, low phase noise and more for costs as little
as $49.95* ea. (minimum qty.10). Whether you need a rugged
coaxial housing or surface mount packages as small as 0.25 x

*Price for most designs. Up to $99.95 for more complex designs.

0.25 x 0.1”, we can probably create a solution for your needs.
You can also use our unique Yoni2™ search engine on our
website to search actual test data from our full engineering data-
base. Just enter your desired performance parameters and click
“search” for a complete list of models that will be close to your
requirements. We're always here to support you, so send your
request today, and our engineers will work with you to find the
right VCO for your application!
40 10 www.minicircuits.com/specCheckList/vco.html

Enter your requirements, and click SUBMIT!

We promise you a fast response!

[ JMini-Circuits’

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

(718) 934-4500 sales@minicircuits.com
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P Phase Modulator

Direct S-Band Phase Modulator
for Space Applications

By D.V. Ramana, Sourabh Basu and Jolie. R

This paper describes the design, simulation and measured results of an S-band direct phase

modulator. The phase modulator is realized based on the principle of a reflection modulator

using 90° branch line hybrid couplers and varactor diodes. The diode is

The design, simulation used in its linear region of operation based on simulations using ADS soft-

und meusured results ware. A tone processing circuit is also designed to generate appropriate

of un S-bund direct bias to the modulator. The amplitude of the tone can be varied to tune the

phuse modulutor. modulator for the desired modulation index. The circuits are fabricated,
tested and qualified for space applications.

Introduction

A modulated microwave signal is required in almost every type of wireless application
including space applications where the main concerns are the size and weight of the circuit. In
order to meet these requirements, a direct phase modulator can be an appropriate solution.

There are two types of phase modulators — transmission type and reflection type. The
requirements of a microwave phase modulator are to maintain a linear relationship between
the phase and the modulating signal voltage and to have no change in the carrier amplitude
with a wide band modulating signal and large modulation index. It is difficult to satisfy both
amplitude and phase requirements in a transmission type modulator.

In a reflection type modulator, if devices and circuits including circulators are considered to
be lossless, then the above constant amplitude requirement can be met. Thus, ideally, only the
phase requirements need to be considered in a reflection type modulator [1].

If the carrier signal is phase modulated [2], the resultant signal is

E(t)=J (m)cos(w )t - J,(m){cos(w,— w )t— cos(w, + w )t} + J (m){(cos(w 2w )t
+cos(w, +2w )t} - ... ... , where
Jn(m) is the Bessel function of the first kind, order n
w, = carrier frequency
w,_ = modulating signal frequency
m = modulation index

In phase modulation, the modulation index is proportional to the amplitude of the modulat-
ing signal, independent of its frequency,

m a Vm , where
m = Modulation index and peak phase deviation
V_ = Peak modulating signal amplitude (volts)

A reflective type phase shifter is used. For low power analog applications, a varactor diode
phase shifter offers considerable potential. Variable reactance of varactor diodes under reverse
bias condition is utilized in the phase shifter. Varactor diode phase shifters commonly make use
of reflection type circuits, of which, the hybrid coupled type is very popular.

This paper details the development of two circuits, a direct S-band phase modulator and a
tone processing circuit which provides the desired modulating input (tone) to the modulator.

22 High Frequency Electronics



90° SPLITTERS
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Q

With over 70 different models, our two-way 90° splitters make the | “’a\
perfect building blocks for many designs including balanced amplifiers,

IQ modulator/demodulators, single sideband modulators, image rejection i .- '8 -
mixers, voltage variable attenuators, phase shifters, and more! Use them | B ‘ﬁ ; '
for signal processing designs requiring 90° phase offset or to insulate your — “ e~ « ﬁﬁl"r

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

extra low amplitude and phase unbalance, and packages as small as
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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www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
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P Phase Modulator

RF Input 1 PM
Hybrid Hvybrid-2

BIAS 2 3 BIAS BIAS | 2
N/W N/W N/W

L — L L

D I D ! D I

C1 c2 C3

MODULATING TONE I/P

Figure 1 « Schematic of Reflection type Phase Modulator.

Both circuits are integrated and tested under appropriate
environmental conditions. Simulation and hardware
results are also presented.

S-Band Phase Modulator
A phase modulator at S-band is realized as a reflec-
tion type of modulator using 90° branch line hybrid cou-

AMCOM is pioneering the technology

of controlling the device impedance to
achieve ultra wide-band, high-power
MMIC amplifiers. AMCOM is releasing 4
GaN MMIC ultra wide-band, high-power
amplifiers. The Table below shows the
performance. AMGOM products include
discrete power devices, MMIC power
amplifiers and connectorized power
amplifier modules from 30MHz to 16 GHZ
with output power from 1W to 50W. For
more product details, please visit www.
amcomuse.com for data sheet with detailed performance.

AMCOM GaN HEMT MMIC Summary

Model Frequency G P Effo, (V) l,, () ECCN
(GHz) (dB)  (dBm) (%)
AM004047SF-2H* 0.05-4.0 33 47 44 2590 05,09 EAR99

AM206542TM-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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plers and varactor diodes (DH76022, M/S TEKELEC
TEMEX). The schematic of the reflection type phase
modulator is shown in Fig.1. The RF input i.e. the S-band
carrier is modulated by the applied modulating tone
input signal to get a phase modulated (PM) output. The
layout of the phase modulator is shown in Fig.2.

The phase modulator is realized using two stages to
get desired phase shift. Each stage has a hybrid coupler
with varactor diodes as shown in Fig.1. The carrier fed to
the input port of the first stage hybrid coupler encounters
variable reactance offered by the reverse biased varactor
diodes. This causes the incident wave to get reflected with
a phase shift proportional to the reactance offered by the
varactor diodes, which in-turn, is proportional to the
modulating signal. The reflected signals combine at the
isolated port and the combined output is fed as input to
the second hybrid coupler. The second coupler stage is
identical to the first stage. The final phase modulated

Figure 2 « Layout of Phase Modulator.
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FLEXIBLE RF SOLUTIONS>»
MAXIMIZED PERFORMANCE

Increased demand for high density and modular
electronics requires more compact, push-on
solutions. Molex SMPM and SMP RF Connectors
provide high density and high frequency
performance in components for optimized
system design.

Molex SMPM connectors are 30 percent smaller
than our SMP designs and provide higher density
for your needs, delivering superior performance
up to 65 GHz.

Our SMP connectors provide excellent
performance in a space-saving subminiature
design. With a frequency range up to 40 GHz,
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P Phase Modulator
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Figure 3 ¢ Block Diagram of Tone Processing Circuit.

signal is obtained at the isolated port of the second stage
coupler.

The four bias networks are implemented using quarter
wavelength radial stubs, spaced by high impedance quar-
ter wavelength lines, which offer an RF open circuit at the
operating frequency, but ensure a DC path for the diodes.

A sinusoidal modulating tone of 3.9 MHz is fed to the
varactor diodes through the bias networks. Tuning ele-
ments C1-C4 & L1-L8 are provided in the circuit to
improve linearity, if required. However, in the existing
configuration, acceptable linearity is achieved without
the use of these elements.

Tone Processing Circuit
A TCXO at 62.5 MHz is selected to derive the tone
frequency. Two stages of frequency dividers with division

E_J
T C17 | C18
=4 G
14 15 " uz

1 GJ—I 1 L]

]
T HET i F
s z19 4 5

R1 12 R2

cn ;3"? 12 13

Figure 4 « Schematic of Tone Processing Circuit.
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factors of 8 and 2 respectively are used to get a tone at 3.9
MHz. The + 8 (PE9313) and + 2 (PE9311) pre-scalars
from M/S Peregrine are used. An LDO (3301A2) from M/S
IR is used to provide +3V supply to the pre-scalars. The
output of the pre-scalars is a bipolar square wave. This is
fed to an operational amplifier (LM7171) from M/S
National Semiconductor. The op-amp circuit is tuned to
provide appropriate bias voltage swing and DC level shift
to bias the varactor diodes in phase modulator. The out-
put is filtered using a low pass filter to remove the
unwanted frequency components and produce a sinusoi-
dal tone at 3.9 MHz, which is fed as modulating signal to
the phase modulator. The block diagram along with wave-
forms and the schematic of the tone processing circuit are
shown in Figs. 3 and 4, respectively.
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SuperMini Board-to-Board
DC to 67 GHz Connectors
assure transmission line
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P Phase Modulator

L1 L2 L3

L T 1T

L5 L&

I T
T

cé cT

T

Figure 5 « Schematic of Tone LPF.

The low pass filter is designed for a cut-off frequency of slightly higher than
3.9 MHz, i.e., 4MHz, to accommodate frequency shift due to temperature. It is
a lumped element filter. The schematic of the filter is shown in Fig. 5 and its
simulated and measured responses compared in Fig.6.

Phase Modulator Specifications

Input Currier Fregquency 2296.875MHz
Modulduting Tone Frequency 3.9 MHz

Modulution Index 0.7 rud. £ 0.1 rud. (typ.)
Insertion loss 5 dB (typ.)

Return loss 14 dB (typ.)

Temp Runye - 20°C to + 60°C

Simulation Results

The varactor diode (DH76022) is simulated using Agilent ADS software to
obtain a phase shift vs bias voltage curve, as shown in Fig. 7. The linear region
of operation of the diode is identified in the figure and proposed for the phase
modulator application. The proposed region is expanded in Fig.8 and it is seen
that the linear region is centered at 3.75V with a voltage swing of 2.5V p-p.

The phase modulator is also simulated using ADS software and optimized
at the desired center frequency of 2296.875 MHz. The simulated S-parameters
are shown in Fig. 9.

Hardware Test Results
The phase modulator is characterized by applying bias voltage to the
diodes. Based on the above simulation results, the bias voltage for the modula-

0 T ———— i

S5 1 1 ¢_—‘\ﬁ’_ . t\\ 7 8 g 1

-10
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-45 —— MEASURED \\\
-50

55 \\

Figure 6 « Comparison of Simulated & Measured Responses for LPF.
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Figure 7 « Phase Variation over Various Bias Points.

tor is chosen from 2.5V to 5V. The modulator performance
is studied for various bias voltages in the specified volt-
age range. The operating point is selected as 3.65V in the
linear region. The sideband level and in turn the modula-
tion index is varied by adjusting the voltage swing of the
generated tone. The modulation index is adjusted to 0.7
rad., as per specification. The corresponding voltage
swing is 1.3 V, which is within the linear limits of opera-
tion of diode, as obtained by simulation. The performance
of the circuit is evaluated over temperature: - 20°C (cold),
+ 25°C (ambient) and + 60°C (hot). The S-parameters for
3.65V bias at different temperatures is shown in Fig.10.
The insertion loss is 4.5 to 5 dB and the return loss is 11
to 14 dB at the operating carrier frequency of

2296.875MHz.
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Figure 9 « S-parameter Simulation for Phase Modulator.

Figure 8. Phase Variation over Proposed Operating
Swing (expanded from Fig.7).

The modulator is tested at different RF input power
levels (0 dBm to +12 dBm) with the selected tone and the
output spectrum is observed as shown in Fig.11. The
modulator loss is 4.8 dB.

The voltage, current, output power and modulation
index for the modulator at different temperature condi-
tions are given in Table 1. It is observed that the variation
of output power and modulation index over temperature
is 0.83 dB and + 0.09 rad respectively.

Conclusion

This paper describes the design, simulation and hard-
ware realization of an S-band direct phase modulator
suitable for space applications. The modulator is tested
for its performance over environmental conditions and
the performance is satisfactory.
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Figure 11 « Spectrum of the Phase Modulated Signal.
TEMP. VOLTAGE CURRENT OUTPUT MODULATION
CONDITION (VOLTS) (mA) POWER INDEX
(dBm) (rad)
AMBIENT +15 11.6 3.8 0.83
-15 6.5
+5 12.6
COLD +15 11.9 3.3 0.91
-15 6.9
+5 13.3
HOT +15 11.8 4,13 0.73
-15 6.9
+5 13.5

Table 1 « Voltage, current, output power and modulation index.
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Medusuring small voltage
variations when high
voltuge components dre
present is a common

Analysis of Small Voltage
Variations Under Large Signal
Conditions

By Maithias Beer, Renate Mittermair, Dr. Markus Herdin

Measuring small voltage variations when high voltage components are present is a common
challenge in electronic design and testing. Typical applications are
switched-mode power supplies (SMPS) where the voltage across the
switching transistor has to be measured during the switching period. In
this case, the voltage difference between ON and OFF state of the transis-
tor can easily reach a hundred volts or more. To measure small voltage
variations under such conditions with the required accuracy, more than 8
bit of vertical resolution would be required on an oscilloscope. The same
requirements would apply, for example, when analyzing an AM modulated
signal with low modulation index.

challenye.

Switched Mode Power Supply

Switched-mode power supplies, commonly abbreviated as SMPS, are electronic power sup-
plies which transfer power from a source to a load while converting the voltage and current
characteristics. SMPS incorporate a switching regulator, typically a MOSFET (metal oxide
semiconductor field-effect transistor) or IBGT (insulated-gate bipolar transistor). The pass-
transistor translates power efficiently as it switches continuously and spends very little time in
the high dissipation transitions; ideally, the power supply dissipation is zero. The output voltage
regulation of the SMPS is realized by varying the duty-cycle of the switching transistor. The
switches are realized using semiconductor devices such as FET’s, IBGT’s or diodes.

In general, the SMPS can be classified in isolated and non-isolated topologies. For the latter
topology type, buck or boost converters are typical candidates [1], whereas for the first one,

Gate
Source
T /?{}; ;(E;\ Fifmu
L/ N e

P* | ]é

N
GATE l_

/ N
3 SOURCE
Channel-/ (5Drain

Figure 1 ¢ Cross section of MOSFET (single VDMOS transistor).
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Figure 2 « Block diagram of an active full-bridge converter (1: DC input sup-
ply; 2: DC/AC converter; 3: transformer; 4: active rectifier; 5: filter; 6: load).

flyback (isolated buck-boost converter) or full-bridge converters are known [2].
A very efficient converter for high-power ranges of up to several kW would be
an active full-bridge converter (Fig. 2). Here, power MOSFETSs are often used
to realize the rectifier as they are designed to handle significant power levels
while having a high switching speed and a good efficiency at low voltages at
the same time.

In switched-mode power supply applications, one key parameter to deter-
mine the conducting loss of the commonly used power MOSFET is R . In
ON state, the transistor shows a resistive behavior between the drain and
source terminal which is the sum of resistive elements between them (Fig. 3).

To measure R, special requirements appear, as small drain-to-source
voltages have to be measured in ON state, typically a few hundreds of mV,
while having high drain-to-source voltages in OFF state. In addition to the
large dynamic range, fast rise- and fall-times in the order of ns have to be con-
sidered. This requirement leads to special demands on the measurement tool,
typically an oscilloscope.

Accurate Measurement of R

4 DS(ON)
uss rfol::;'s'ed To calculate R, of a SMPS MOSFET, the drain current and the drain-
. to-source voltage of the rectifier need to be measured (Fig. 2, section 4). As the
7 R =Rg+Rep+ R+ Ryper + R+ R
* Frequencies from DC to 40 GHz w::;;(.w) § e e TTURET T T TR
* Gain ranging from 10 to 60 dB Rg Source resistance
* P1dB from 2 mW to 100 Watts Ren Channel resistance
* Noise figures as low as 0.8 dB R, Acces.s reS|stanCt.e
: . Rrer Junction gate resistance
* Gain variation down to 0.3 dB : { R, Resistance of the epitaxial layer
7 R . Rp Drain resistance
[PE] PASTERNACK 6’
THE ENGINEER'S RF SOURCE

Figure 3 o Rosony G5 sum of resistive elements between source and drain
terminal of MOSFET in ON state.
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Figure 4 « R&S RTE/RTO K17 High Definition Mode.

rectifier is typically operated in the 100 kHz range, no
special requirements appear in this regard. However,
measuring small drain-to-source voltages in ON state is
challenging, typically a few hundreds of mV, due to high
drain-to-source voltage levels in OFF state and peaks
during state switching. Viewing such signals with both
large and small voltage details, referred to as high
dynamic range requirement, is challenging to meet for a
standard oscilloscope with 8 bit resolution of the A/D con-
verter. For example, referring to Equation 1, the resolu-
tion of an 8 bit ADC would be around 39 mV when mea-
suring a 100V signal.

J
T'C'l':

2r—1

Equation 1 ¢ Calculation of vertical resolution of a n-bit
ADC with reference voltage Vcc.

Vertical resolution of ADC =

Additionally, poor probe compensation and incorrect
probing techniques can lead to significant signal distor-
tions, leading to incorrect measurement results even if
the oscilloscope offers the necessary dynamic range.

Analyzing Small Signal Details under High Dynamic
Range Conditions

With the R&S digital oscilloscope RTE or RTO and
the high-definition (HD) mode, referred to as option K17,
it is possible to measure the drain-to-source voltage for
Rpson under high dynamic range conditions. The high-
definition mode applies a digital low-pass filtering on the
measured signal which reduces noise and increases the
signal-to-noise ratio inside the filter bandwidth. With this
method, depending on the selected filter bandwidth, a
resolution improvement of 256 times compared to a typi-
cal 8 bit resolution can be achieved. This enhancement
corresponds to a vertical resolution of 16 bit (Fig. 4).

With this approach it is possible to see small signal
details like the drain-to-source voltage in switched mode
power supply applications, which would otherwise vanish
in noise. Fig. 5 and Fig. 6 show such a measurement.
Because the HD mode is not utilized in Fig. 5, the dis-
played noise is significantly higher compared to Fig. 6
were it is enabled. The improvement of the higher resolu-
tion can be seen on the measurement curve and in par-
ticular at the “zoomed” part of the signal (Fig. 6). Both are
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Figure 5 e<Drain-to-Source voltage measurement of
SMPS without utilizing HD mode.

showing less noise and more signal details compared to
the displayed result in Fig. 5 where the HD mode is not
enabled.

A prerequisite to achieve accurate measurement
results is the right probing technique. When measuring
signals with high-frequency components, one has to make
sure that the “loop” formed by the probing connections
(signal pin and ground connection) is as short as possible.
The spring-loaded tip of the R&S RT-ZP10 passive probe
together with spring-type ground contacts allows a safe
contact with minimal noise and interference coupling on
the measured signal (Fig. 7). This allows a direct probing
of the MOSFET pins and body.

In addition, accurate probe compensation is very
important for high-resolution measurements. A poorly
compensated probe introduces measurement errors
resulting in inaccurate readings, which can also influence
differential measurements. For measurements where

Figure 6 ¢ Drain-to-Source voltage measurement of
SMPS with HD mode enabled.



.
Figure 7  R&S RT-ZP10 passive probe with spring-type

ground connection to reduce noise and interference
coupling.

none of the MOSFET pins have ground potential, an
active differential probe like the R&S RT-ZD10 can be
used.

Avoiding Offset Problems When Calculating Ry,
Measuring different voltage levels under high dynam-
ic range conditions requires additional steps to get an
accurate result. To calculate R ¢ of a MOSFET, the
offset accuracy of oscilloscopes is no longer sufficient to

simply divide the measured drain-to-source voltage

under

Figure 8 « Differential method to calculate R
high dynamic range conditions.

DS(ON)

across the MOSFET by the drain current. Furthermore,
when Rogowski probes are used to measure the current
through the drain pin of the MOSFET, only the AC com-
ponents are considered. Therefore, the resulting current
measurement on the oscilloscope will have a DC offset.
This problem can be addressed by taking advantage of
the fact that the drain current shows a constant or nearly
constant slope for a certain time interval while the
MOSFET is in on-state. Concerning this matter, a differ-
ential method as shown in Fig. 8 can be applied to calcu-
late RDS(ON)'

The procedure is to measure the slope of the drain-to-
source voltage and derive Au, first. Next, in order to get
Aij, the slope of the drain current of the MOSFET has to
be measured in the same time interval used for measuring
Aup. R oy, can now be calculated based on Au,¢ and Ai.
Summary

To analyze signals with both large and small voltage
details, special considerations need to be included. The
discussed example of measuring R . of a SMPS is a
typical example for such an application and shows that
special measurement capabilities are required to address
these challenges. Today’s oscilloscopes like the R&S RTE
and R&S RTO are featuring such measurement capabili-

20 GHz Signal Sources

ompact, rugged, and cost effective signal source that packs
e performance of a big-box instrument into a module that fits
he palm of your hand or a single PXIe slot.

Military v Cormmercial v~

« Frequency 50-MHz to 20-GHz* = -

o Amplitude -30 dBm to+ 10 dBm|
* Low phase noise

* High dynamic rangeJ

* Tuning resolution 1 Hz |

* USB, SPI, RS-232 & PXle

Sﬂ;nalCoré

FPRESERVING SIGHNAL INTEGRITY

www.signalcore.com

Get info at www.HFelink.com

37



P Voltage Variations

ties and allow the user to solve the measurement task in
a fast and accurate way. With special features like the
high-definition mode, option K17 on the R&S RTE and
R&S RTO oscilloscopes, the signal analysis gets even
more accurate and simplified as the noise of the displayed
waveforms gets reduced and signal details are displayed
with greater clarity.

About the Authors

Matthias Beer, Renate Mittermair, and Dr. Markus
Herdin work in the Test & Measurement Division of
Rohde & Schwarz GmbH & Co.KG, Munich, Germany.

References

[1] Barry Rowland, “Initial Evaluation of a DC/DC
Switch Mode Power Supply”, Rohde & Schwarz Application
Note 1TD04, 2013
[2] Christophe Basso, “Switch-Mode

"
10 ERF

Isolators / Circulators DirectionaII/Hybrid Couplers: Power Dividers

RF Cable Assemblies Connectors Adapters

Get info at www.HFelink.com

38 High Frequency Electronics

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

1-877-777-vida (8432)

sales@vidaRF.com

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

Power Supplies Spice Simulations and
Practical Designs”, McGraw Hill
Professional, 2008

[3] Bo Yang, “Topology Investigation
for Front End DC/DC Power Conversion
for Distributed Power System”, PhD
thesis, Virginia Polytechnic Institute
and State University, September 2003

[4] Davide Giacomini, “A novel high
efficient approach to input bridges”,
PCIM Europe, May 2008

[5] Ulrich Tietze, Christoph Schenk,
“Electronic Circuits”, Springer, 2008

v Subscribe or

—renew your
. subscription
/ today.

“Never miss

« an issue
/

hight lectronics.
— ighffequencyelecironics.com




DISTRIBUTOR AND MANUFACTURER’S REPRESENTATIVES

C.W. SWIFT & Associates, Inc.
ERA‘ONNEGTGR GAGE COMPANY

Featuring Coaxial Connectors, Adapters, and Interface Gages from SRI Connector Gage

185 mMm - 24 mm - 29mMm - 3.5mm - N - SMA .- TNC .- ZMA

¥ i

Connectors for low-loss cable - Interface gages - Custom designs

We stock RF, microwave and millimeter wave connectors, adapters, and interface gages from
SRI Connector Gage and other fine manufacturers. Call today for a quote.

C.W. SWIFT & Associates, Inc.

15216 Burbank Blvd.
Van Nuys, CA 91411
Tel: 800-642-7692 or 818-989-1133
Fax: 8§18-989-4784
sales @cwswift.com
www.cwswift.com

CLOSED EVERY ST. PATRICK’S DAy !




P Product Highlights

Isolator

Model STF-12-S1 is a full band Faraday isolator that
covers the frequency range from 60 GHz to 90 GHz. The
Faraday isolator exhibits 28 dB isolation and 1.5 dB
insertion loss typically over entire E band. The Faraday
isolator is equipped with standard WR-12 waveguide and

UG387/U flange. The isolator measures 2.5” long and
weighs 1.8 oz typically.

SAGE Millimeter
sagemillimeter.com

1.0mm Connectors

SGMC Microwave’s 1.0mm connectors feature: fre-
quency: DC to 110 GHz; ruggedized construction for
repeatability and reliability; phase-matched adapters,
captivated center contact; low VSWR and insertion loss;
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cable connectors for various semi-rigid and flexible cables;
receptacle configurations including threaded and flanged.

SGMC Microwave
sgmcmicrowave.com
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Isolators

VidaRF is offering drop in surface and flange mount
Isolators and Circulators covering from 3.6GHz to 32GHz.
VidaRF also offers wide range of narrow and broad band
coaxial and waveguide Isolators and Circulators.

VidaRF
vidarf.com
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Signal Analyzer

The SR785 Two-Channel Dynamic Signal Analyzer is
a precision, full-featured signal analyzer that offers state-
of-the-art performance at a price that’s less than half that
of copetitive analyzers. Building on its predecessor, the
SR780, the SR785 incorporates new firmware and hard-
ware that make it the ideal instrument for analyzing both
mechanical and electrical systems.

Stanford Research Systems
thinksrs.com
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Design and Simulation of a 2.4 GHz/5.6
GHz WLAN Antenna on PCB Technology

Thizs app notes describes the design and simulation of a 2.45 GHz single band
antenna, a dual band version far 2.4 GHz and 5.6 GHz, as well as sensitivities to

Related Microwave Office project files can be downloaded from our Downloads B3

File Downloads

NI (formerly AWR Corp.) announced that the accom-
panying example project files for two recently released
application examples, Design and Simulation of a 2.4
GHz/5.6 GHz WLAN Antenna on PCB Technology and
Design and Simulation of an ISM Band Antenna on PCB
Technology, are now available for customers and evalua-

tors to download. The project files can be downloaded
from the NI AWR Downloads site within the “Marketing”
tab.

National Instruments
awrcorp.com
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USB Power Sensor
9 kHz to 18 GHz
CMAX PWH +20 JdEM MAX VOLTAGE 35 VO E

Power Sensor with Extended Frequency Range

The new LB5918L is a state of the art high accuracy,
high sensitivity True RMS Average power sensor well
suited to source calibration and EMC testing applications.
The high accuracy sensor covers frequencies from 9 kHz
to 26.5 GHz and offers excellent dynamic range. The inno-

vative multipath processing scheme processes the entire
dynamic range in each sample providing exceptionally
fast True RMS measurements.

LadyBug Technologies
ladybug-tech.com

Board-to-Board Connectors

Southwest Microwave announced a new line of
SuperMini Board-to-Board DC to 67 GHz Connectors.
These RF / millimeter wave blind-mate connectors opti-
mize interconnect performance for board-to-board stack-
ing applications. They maximize electrical performance of
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the transmission path between connector and circuit
while accommodating axial misalignment of up to .010”
and radial misalignment of +/- 5°.

Southwest Microwave
southwestmicrowave.com
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Measuerment MHz Interface  (Qty 1-4)
PWR-2.5GHS-75 (75Q) CWwW 0.1 to 2500 USB 795.00
PWR-4GHS CW 0.009 to 4000 USB 795.00
PWR-6GHS CW 1 to 6000 USB 695.00
PWR-8GHS CW 1 to 8000 USB 869.00
NEW! PWR-8GHS-RC CW 110 8000 USB &Ethernet 969.00
PWR-8FS CW 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.

tDynamic range as wide as -35 to +20 dBm for model PWR-4RMS. All other models as wide as -30 to +20 dBm.
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Switch Matrix

Renaissance Electronics is offering a 48 x 4 switch
matrix with a frequency range of 700 MHz (LTE) to 6 GHz
(Wi-Fi). Using high reliability solid state switches (>1 bil-
lion cycles) and capability of switching at speeds of 100 nS
or better, the 18A6BAC is designed for the most demand-

ing applications. The 18A6BAC is the perfect way to
extend your expensive ATE equipment to test multiple
products at the same time.

Renaissance Electronics
rec-usa.com

High-Performance Silicone

Passing ASTM E595 testing for NASA low outgassing,
MasterSil 920-LO is a high-performance, room tempera-
ture vulcanizing silicone for sealing, coating and small
encapsulations. It has a moderate, flowable viscosity and
a solid electrical profile, making it well suited for confor-
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mal coating applications. Featuring a soft durometer of
25-35 Shore A, this low stress silicone can protect sensi-
tive electronic components.

Master Bond
masterbond.com
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Integrated Module

PMI Model No. 6SFB-CC-100M18G-MAH-RX-TX is
an integrated module containing two 6-channel switched
filter banks covering 100 MHz to 18.0 GHz. A receive
switched filter bank has 2 inputs, one with 18 dB gain and
one with 10 dB insertion loss. The absorptive input switch

has 100 dB isolation between the 2 inputs. A transmit
switched filter bank has 32 dB typical gain while allowing
1 of 6 filter paths to be chosen.

Planar Monolithics Industries
pmi-rf.com

Cable Assemblies

The eP-Formable series offers users ability to hand
form cable assemblies to final shape, so bending to fit
your connection is a breeze. They are easy to install while
maintaining excellent performance up to 18 GHz. If low
cost, high-performance and shorter than average delivery

is your goal, empower evissaP to select the best suited
cable end connectors for your application.

evissaP
evissap.com
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PRODUCTS
TO SOLUTIONS

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

standard and custom millimeter
wave amplifiers.

S) Ducommun

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

32 to 36 GHz Power Amplifier

+ AHP-34043530-01

* Gain: 30 dB (Min)

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

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

« Broadband, Low noise with high gain

26.5 to 40.0 GHz Low Noise Amplifier

- ALN-33144030-01

* Gain: 30 dB (Min)

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

* Noise Figure: 4.0 dB (Typ)

For additional information,
contact our sales team at
310.513.7256 or

rfsales@ducommun.com

P Product Highlights

VCO

Z-Communications, Inc. announced a RoHS compliant VCO model
TRO1800A-LF, the first in a new line of Ceramic Resonator VCOs which saves
precious board space while delivering exceptional phase noise performance.
This innovative VCO covers the frequency of 1800 MHz within a tuning voltage
range of 0.5 to 4.5 Vdc while featuring a spectrally clean signal of -117 dBc/Hz
@ 10 kHz offset.

Z-Communications
zcomm.com
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Power Dividers

MECA announced the latest addition to its extensive line of Power Dividers
with (80X-X-3.250WWP); broadband models covering UHF through ISM bands.
Available in 2, 4, 8 & 16-Way, 30W Wilkinson Power Dividers, optimized for
excellent performance from 500 MHz — 6.00 GHz. Also available in a variety of
connector styles such as Type N or SMA.

MECA Electronics
e-meca.com
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Test Set

Model STG-12-S1 is an E-Band noise figure and gain test set, which includ-
ing a high performance solid-state E-Band noise source (STZ-12-11) and a full
waveguide band down converter (STC-20-12-S1). It extends the noise and gain
measurement capacity from 10.0 to 15.0 GHz to the frequency range of 60 to 90
GHz. The full waveguide band down converter requires a +10 dBm LO signal
in the frequency range of 10.0 to 15.0 GHz.

SAGE Millimeter
sagemillimeter.com

CAVETER COERQATIN

Crystek’s CVCO55CC-3650-3650 VCO operates at 3650 MHz with a control
voltage range of 0.5 V~4.5 V. This VCO features a typical phase noise of -108
dBc/Hz @ 10 KHz offset and has excellent linearity. Output power is typically
+7 dBm. Engineered and manufactured in the USA, the model
CVCO55CC-3650-3650 is packaged in the industry-standard 0.5-in. x 0.5-in.
SMD package.

Crystek
crystek.com

PRODUCTS
TO SOLUTIONS

RF Products

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

S) Ducommun

Coaxial Switch
+ 400 MHz to 8 GHz
- Low Insertion Loss

* High isolation

* For use in all Thermal Vacuum

Chambers

Manually Controlled
*DCto 18 GHz

« Available in SPDT,
DPDT, Multi-throw

- Great for lab testing

Ultra Broadband
° SPDT to SP8T

- Isolation:

i. Reflective: 25dB min ‘!afr
ii. Absorptive: 40dB min #

* Complete solid state G VB

solution .

*0.05 MHz to 67 GHz

For additional information,
contact our sales team at

310.513.7256 or
rfsales@ducommun.com

Get info at www.HFelink.com
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Switch

Model No. P2T-6G18G-40-R-570-TFF-1D6KW is a 6.0
GHz to 18.0 GHz single-pole, double throw solid-state
switch capable of handling input power levels up to
1.6kW peak having a duty cycle of 8% and a pulse width
of 250 us. It offers low loss of 2.2 dB maximum and 40 dB
of isolation with a switching speed of 200 ns maximum.

DC operating voltages are +5VDC & -70VDC. The hous-
ing is hermetically sealed, measures 2.0” x 2.0” x 0.75”
and is supplied with TNC female connectors.

Planar Monolithics Industries
pmi-rf.com
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Signal Analyzer

Keysight Technologies announced the release of four
new M9290A CXA-m PXIle signal analyzer tracking gen-
erator options. The CXA-m signal analyzer, with a built-in
tracking generator, now has 3, 7.5, 13.6 and 26.5 GHz
options, making it the industry’s first modular stimulus
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response measurement solution and providing the indus-
try’s highest tracking generator frequency coverage.

Keysight Technologies
keysight.com



Radiall e

Our Most Important
Connection is with You™

Make th

Switch

with confidence !!!

RF & MICROWAVE SWITCHES

High reliability RAMSES patented modular
technology, no soldered wires

More than 10 million cycles
Frequency range up to 50 GHz

Comprehensive range of SPDT, DPDT, DP3T,
SPnT (1x3 through 1x12)

Terminated and unterminated versions
Smallest subminiature SPnT & TVAC series

[ ts
s Rl compon?“ \ TVAC switches: thermal vacuum
carries Radiall’s full line o

[ t an
high quality Interconnec
Plgss?ve Component products

High performance Titanium & platinum switches with long
life span and guaranteed repeatability 0.03dB on IL

SPDT Slim Line Series: Surface Mount Technology

Low PIM switch series -160dBc passive intermodulation

Call us today to receive a Switch Product Navigator




P Product Highlights

How Wireless Works

Video

Skyworks announced the launch of “How Wireless
Works” — a short, animated video explaining what hap-
pens each time we use our smartphones, tablets or other
wireless device. Wireless connectivity is everywhere and
an integral part of our daily lives. Yet very few under-
stand how it all works. This non-technical video is fun,

informative and created for those who want to simply
understand what enables all those seamless connections.
Watch it directly at http://www.skyworksinc.com/
HowWirelessWorks .aspx

Skyworks Solutions
skyworks.com

Power Splitter

The ZAPD-232-75+ is a 2 Way-0° 75Q 700 to 2300
MHz Power Splitter/Combiner that features: wideband,
700-2300 MHz; low insertion loss, 0.5 dB typ.; good isola-
tion, 25 dB typ.; excellent output VSWR, 1.15:1 typ.; excel-
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lent input VSWR, 1.25:1 typ. Applications: cable TV; cel-
lular; GPS; PCS; WCDMA, communication systems.
Mini-Circuits

minicircuits.com
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> PI'OdllCt nghhghts (i1 Temwell - UHE VHE Bandpass Filter

the World expert in Filter customized service
Standard Bandpass filter for LTE Band, Sub-1GHz Band & RFID Band requirement,
Allfilter spec sheet online and all iems are frequency-changeable parts without
any spec value loss. Welcome to visit www. temwell.com.tw for more information.

LTE Repeater Bandpass Filter

Surnnrl Merdcier toglnnaly roise

| LTE signal using band

' Band1
Band 2
Band 3
Band 4
Band 5
Band 6
Band 7
Band 8
Band 9
Band 10
Band 11
Band 12

Signal Generator

Saelig’s SynthHD Dual-channel RF Signal Generator is a highly portable
device that brings low cost to precision microwave signal generation. It is a
compact software-tunable, dual channel RF signal generator which can be con-
trolled by a Windows or Linux PC via its USB port, or run as a standalone = :
generator. It allows frequency stepping to better than 0.1Hz on each channel, mrﬁﬁiﬁ-ﬂ https://www facebook.com/temwell

and control of the relative phase between channels to less than a millidegree. 1+ o | Temstron- RF Total Design Solution
Saelig SMD DR/LC Filters & Duplexers A

. ® Gy TECHY LC THOH
saelig.com ERpEEls

® Low brwrilen Low

# Comam ddge whh umal aack

| e

Band Rejection Filter

Lab Kit F =

Coilcraft developed a Power Magnetics Lab Kit to help educators provide ' R—
hands-on experience in their classrooms and instructional labs. It has a broad : :r'f""::"!"f:"" = raem "m* e
selection of through-hole power inductors for easy soldering, and is offered free- S Tl i T A S

O ‘—--' T RN = RN 1--4..-1-”"-
] . e 2

of-charge to accredited Electrical Engineering programs. Coilcraft also added a
Student Resource Center to its website, which offers free access to powerful
design tools.

Coilcraft

coileraft.com m Forehank |https://www.facebook.com/temstron
- Temwell / Temstron Corporation I ':_ I %2
200 REA:¢ - Mude m Talwaﬁ

Conlact mfo@temwell comtw Tel +886 2- 25652500 Website: www.temwell.com.tw

Get info at www.HFelink.com
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Connector System

TE Connectivity announced its new Fortis Zd LRM
connector system, an innovative modular connector sys-
tem for rugged, next-generation packaging from avionics
boxes to military ground vehicles. It features a rugged,
lightweight multi-bay shell that accepts high-speed digi-

tal signal, power, radio-frequency (RF) and optical mod-
ules.

TE Connectivity
te.com

Citiiog

Feysight Technetogias

RF and WMicrowave Test Accessories

Test Accessories Catalog

The new RF & Microwave catalog offers over 200
pages of in-depth information on the most reliable and
repeatable RF & microwave switches, attenuators, ampli-
fiers and other test accessories. This includes mixers,
detectors, directional couplers, power dividers, splitters
and PXI modular test accessories. New product highlights
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and easy-to-read product selection and comparison tables
help users find just the right Keysight accessory to com-
plement their test and measurement environment.

Keysight Technologies
keysight.com
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RF Amplifiers

Herotek’s 0.5 to 40 GHz miniature ultra-wideband RF  -55°C to +85°C; Storage Temperature Range: -65°C to
amplifiers feature low power consumption, flat gain +125°C; Shock: 50G, 11 msec; Vibration: 20G, 100 to 2000
response, low noise figure, and more. Applications: Hz.
Microwave Radio & VSAT; Military & Space; Test Herotek
Instrumentation; Fiber Optics; Telecom Infrastructure. herotek.com
Max Input Power: 100mW, Operating Temperature Range:

High Power Circulator
Model CT-1872-S is rated at 60 kW peak and 600W length of only 6 3 in. and height of 5 4 in. For use in

average power at 325 MHz. It provides 20 dB minimum radar applications, it has 1 5/8 in. EIA connectors.

isolation, 0.2 dB insertion loss, and 1.20 max. VSWR. Its

. . . UTE Microwave
extremely compact design has flange-to-flange insertion

utemicrowave.com
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MODEL

MONOLITHICS
INDUSTRIES

SPAT HIGH SPEED SWATCH

NG PAT-BOFSG-680-R-5F F-50W

SERIAL

N PL1 75810 8356

FART HNO

E1 EZ E3 E4

Switch

Model No. P4T-9D25G-60-R-SFF-5W is a 9.25 GHz +
30 MHz, single-pole, four throw solid-state switch capable
of handling input power levels up to +37dBm peak with a
maximum PRF of 8 kHz and a maximum pulse width of
1.5 us. It can handle an average input power of +33 dBm
CW while offering low insertion loss of 2.0 dB maximum

and over 40 dB of isolation. Switching speed is 50 ns and
DC operating voltages are +5VDC & -12VDC.

Planar Monolithics Industries
pmi-rf.com

Antenna Module

Richardson RFPD announced availability and design
support capabilities for a new GPS antenna module sub-
system from Maestro Wireless Solutions. The A2135-H
combines an enhanced, fully-functional SiRFStar IV GPS
engine and a custom-designed high directional patch
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antenna on-board. It presents a solution to the most criti-
cal challenges in the GPS market: simplified integration,
leading performance, and efficient time-to-market.

Richardson RFPD
richardsonrfpd.com



Product Highlights

Attenuators

Model series 372-182-XXX* are 75 Ohm fixed attenuators available in 1-20
and 30 dB attenuation values featuring an operating frequency range of DC - 3
GHz. Attenuation accuracy is 0.5 dB maximum DC - 1 GHz, +0.75 dB maxi-
mum 1 - 2 GHz and £1.0 dB maximum 2 - 3 GHz. Maximum VSWR is 1.50:1,
input power is 2 watts average, RF connectors are N male / N female and the
operating temperature range is -55°C to +125°C.

BroadWave Technologies
broadwavetechnologies.com

Benchtop Amps

Pasternack announced its lines of portable benchtop amplifiers that cover
extremely wide frequency bands up to 40 GHz. These rugged RF amplifier mod-
ules are designed to meet MIL-STD-202F environmental test conditions for
humidity, shock, vibration, altitude and temperature cycle which makes them
ideal for use inside high traffic test labs in industries such as aerospace,
defense, optical, industrial, telecom and R&D.

Pasternack
pasternack.com

PPl

Passive Plus Ine.

RF & Microwave Capac:tor‘g,_

Hi-Q
Capacitors

Ar/Microwave & Hr /UHF
Low ESR/ESL

Case Size: 0505, 1111 & EIA sizes

Broadband

01005BB: 16kHz - 67GHz
« Insertion Loss: < 1db
 Value: 100nF

- 4 \WVDC

 0201BB: 186kHz - 65GHz
..“ + Insertion Loss: < 1db
!ﬁ - Value: 100nF
- 16 WVDC

0402BB: 16kHz - 35GHz
« Insertion Loss: < 1db

+ Value: 100nF

+ 25 WVDC

Power Assemblies

A

¥
‘;
:ﬁ-‘ﬁ Laﬁ.
Ip R

Series / Parallel Combinations

Aerospace * Aviation * Military
Commercial * Medical
Telecommunications

+ Unmatched customer service

- Online store for immediate
availability

« Design kits in stock

- Inventory programs

Call us today
631-425-0938
sales@passiveplus.com

www.PassivePlus.com

Get info at www.HFelink.com
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oo merlan
SATELLINK, INC.
525 MILLER PARK DR.
ARLAND, TX 75042

i CALL (972)487-1434
Multiplexers FAX (972)487-1204

RLC Electronics’ multiplexers are available in two, three or four channel
versions. Adjacent passbands may be designed for a contiguous response,
impedance matched through the crossover region with theoretical 3 dB power
split at the crossover frequency. Alternatively, non-contiguous passbands may
be selected with an out-of-band region between adjacent passbands. For pass- Pr o dU C.I.
band frequencies below 2 GHz, lumped element designs will often achieve the

desired response in the smallest package. Sh OWC a Se

RLC Electronics

ricelectronics.com C I CISS ifi ed
Advertising

Your ud will
stand out
when it’s
displayed in

For more
nfarmation, or
O place your

Power Supply )
Versatile Power’s line of BENCH 600W Programmable Power Supplies are ne Frangldes

compact, programmable, DC power supplies and are nearly half the cost com- 201-666-6698

pared to the industry’s leading producer of power supplies. The power supply Fax:201-666-6698

measures just 1.73 in. (44 mm) High x 8.82 in. (224 mm) Wide x 10.30 in. (262 joanfee

mm) Deep and WelghS only 5.8 1bs. (26 Kg) highfrequencye|ec"onics

. .com
Versatile Power

versatilepower.com
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Waveguide Components
from 2.6GHz to 110GHz

Product Showcase

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

WE ARE GOING TO THE EDGE
AND BEYOND

Our next stop is PLUTO!

CASSING
HUYGENS

NEW
HORIZONS

Go with confidence use
Sector Switches

SECTOR MICROWAVE IND., INC.
(630 262-2300 Prioss (631) 2L3-8158 Fax
WWW. SECTORMICROWAVE.COM

Waveguide & Coax
Materials Measurements

Measure
Mu
and

Epsilon
Resins
Foams
Ferrites
Magrams

0.1 - 20+ GHz

10GHz Divide-by 13 Prescaler

* Low Moise Amplifier
* Power Amplifier

* Frequency Divider

- Frequency Doubler
- Frequency Mixer

RF Bay, Inc.

B50-950MHz LOW Power Ampifier

100KHz - 10GHz RF Amplifier

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

* RF Power Detector

- RF Switches

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

'_For Die Attach Applications

TTT e

Supreme 3HTND-2DA
— -
=

No mixing/freezing needed e Fast curing
Ideal dispensing profile

:

& MASTERBOND'

www.masterbond.com
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Synthesizer

The SC800 nanoSynth™ is a fully integrated broad-
band CW signal synthesizer designed with a proprietary
architecture in a rugged and miniature 2”x1” surface
mountable package. Output frequency range is 25 MHz to
6 GHz with average output power of +10 dBm. Tuning at

1 Hz resolution, the multiple PLL design eliminates close-
in phase spurs associated with fractional-N PLLs.

SignalCore
signalcore.com

- Moise Figure = Gain |

P

L]

€—— Gain

GAIN (dB)

{ap) 3¥NSI4 ISION

Noise Figure =———p

19

002 00EQ1I5025 05075 1 2 3 4 5 6 7

FREQUENCY (GHz)

& 9 10 1 12 13 14 15 16 17 B 19 0

Broadband Amps

The Ultra-Broadband Amplifier Series includes
designs that cover frequency ranges as wide as 20 MHz to
20 GHz of instantaneous bandwidth. They feature flat
gain response over ultra-broadband widths with typical
gain flatness of better than +/- 2.0 dB over the full fre-
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quency bands. Featuring noise figures of 3.2 dB TYPICAL
over much of their bands with very good input and output
matches of better than 2.0:1.

Ciao Wireless
ciaowireless.com



P Product Highlights

Power Meter

Boonton’s versatile 4541 (1 Ch) and 4542 (2 Ch) com-
bined Peak/Average Power and Voltage meters are lead-
ing-edge instruments for most accurate RF measure-
ments. Features like high dynamic range, rise time of less
than 7ns and an effective time resolution of 200 ps pro-
vide the greatest detail in signal waveform analysis.
These are the instruments of choice for capturing, dis-
playing, and analyzing RF power in both the time and
statistical domains.

Boonton
boonton.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

Coupler components since 1961, Now with expanded capabilities up to 40
The SCBD-16-63HP+ is a 509, GHz including Power Dividers, Couplers, Attenuators, Terminations

Up to 100W 50 to 6000 MHz and Isolators. MECA is a privately held ISO9001:2008 registered

B1'-D1rect10nal Coupler that features: jobal desioner and manufact for the nications industry

wide frequency range, 50 to 6000 g i i USA.

MHz; usable from 10-8000 MHz; high with products manufactured in the

directivity, 23 dB typ.; good return
loss; high power, up to 100W; DC cur-
rent pass through input to output.
Applications: cellular; lab use;
WiMax; PCN; GSM; ISM.

Mini-Circuits
minicircuits.com

; MECA Electronics, Inc.
Microwove Equipmant & Componants of Amerdca m
The Professonal’s Choice for REAACrowave Pative Componanis
459 E. Meain 5t Dorila, MJ 07834 ‘
*-MECA.com Ted: 9735250481 Fooc 973-525-9277 Scles@e-MECA com Bwave

Get info at www.HFelink.com
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\ Taktromtx DPO7I002SX AT Parkemance Oucilloncops Y

70 GHz Oscilloscope Offers Speed,
Precision, Scalability

The new DPO70000SX 70 GHz oscilloscope from
Tektronix combines high-performance with low noise and
scalability to address such
applications as high-speed
coherent optical system devel-
opment and advanced scientific
research. The real-time oscillo-
scope’s accurate characteriza-
tion of high-speed signals is
enabled by its use of a patented
asynchronous time interleav-
ing technique for extending
bandwidth. Key features
include:

e Low noise, 70 GHz real

time signal capture

e Compact 5.25-inch (3U)

instrument package for space and energy efficiency
in laboratories or test stations

¢ Precise, scalable performance for multi-channel sys-

tems using the UltraSync time synchronization bus

e Leading trigger performance with >25 GHz Edge

trigger bandwidth and RF envelope trigger

A major contributing factor to the DPO70000SX oscil-
loscope’s performance is ATI technology. Current
approaches for digitizing ultra-high bandwidth signals
distribute signal energy to two digitizing paths then use

units.

Tektronix

UltraSync is
used to tightly
synchronize
sumple clock,
frigger und
run-stop control
across multiple

a DSP to reconstruct the input signal. Unlike these

schemes, the ATI architecture provides a symmetric tech-
nique that delivers all signal energy to both digi-
tizing paths resulting in an inherent noise
advantage.

The DPO70000SX uses a 5.25-inch (3U)
package that optimizes space usage and shortens
the signal path to the device under test. Two
DPO70000SX instruments stack in less height
than a single similar-class bench instrument yet
achieves higher measurement performance.
Each compact, SX-series unit provide full oscil-
loscope functionality and performance. All
SX-series models run the full suite of Tektronix’s
Advanced Analysis applications for tasks such as
jitter, noise, optical modulation and spectral
analysis.

DPO70000SX-series instruments include the new
Tektronix UltraSync multi-unit time synchronization bus.
UltraSync is used to tightly synchronize sample clock,
trigger and run-stop control across multiple units with
performance better than what can be found in many of
today’s monolithic oscilloscopes. This scalable approach to
performance allows users to purchase performance suit-
able for today’s requirements and add more units over
time, or to deploy units individually or in pairs to meet
other test demands.

http://info.tek.com/www-dpo70000sx-ati-performance-oscilloscope-wec.html
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P Anniversary

Micro Lambda Wireless Celebrates 25

Years at IMS 2015

Micro Lambda Wireless, designer and manufacturer
of YIG oscillators, synthesizers, filters, multipliers, and
benchtop instruments, marked its 25th year in business
at IMS 2015, with a celebration at Phoenix’s Heard
Museum. The anniversary featured museum tours, cock-

1990 - BB1S

Micro Lambda Wireless President and CEO John
Nguyen (right), and VP of Sales and Marketing Rich
Leier kick off the festivities at Micro Lambda Wireless’s
25th Anniversary celebration at IMS 2015.

Phoenix’s Heard Museum served as the venue for
Micro Lambda Wireless’s 25th anniversary celebration
at IMS 2015.

A Native American
dancer entertains
aftendees.

Native American performers
entertain the crowd.

tails, dinner, remarks from top management, and perfor-
mances by American Indian musicians and dancers.
Founded in 1929, the Heard Museum is recognized inter-
nationally for the quality of its Native American art col-
lections, its educational programming, and its festivals.

s/,
President and CEO

John Nguyen address-
es invitees.

The Heard Museum’s out-
door courtyard provided an
appealing setting.

’J’.‘M’M

.

Lot s

Vice-President of
Sales and Marketing
Rich Leier welcomes
attendees.

Celebrants queue up for cock-
tails in the Heard Museum out-
door courtyard.
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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!

O 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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QUALITY, PERFORMANCE AND RELIABILITY
IN PRECISION COAXIAL CONNECTORS

EDGE LAUNCH BETWEEN SERIES BULKHEAD| & PANEL
CONNECTORS ADAPTERS ._ ’ ADARTERS

e
i

ADAPTERS . CABLE CONNECTORS . RECEPTACLES . CUSTOM DESIGNS

Including These Connector Series

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

ISO 9001:2008

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

SGIMCIA

"MICROWAVE

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

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

sales@sgmcmicrowave.com

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




QOMNVO

TriQuint and RFMD have merged to become Qorvo, a new global leader in
scalable and dynamic RF solutions for mobile, infrastructure, CATV and
defense. Qorvo’s technologies are at the core of everything that keeps the
world connected. This combined strength will help bring your most powerful
new ideas to the world.

Customer’s can continue to look to Richardson RFPD for the latest innovative
products from Qorvo.

© 2015 Qorvo, Inc. | QORVO is a trademark of Qorvo, Inc.

RichardsonRFPD

-~

Your Global Source for RF, Wireless, Energy & Power Technologies
www.richardsonrfpd.com | 800.235.2113 | 630.262.6800



