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NOTE FROM THE PUBLISHER: THEN

William Bazzy learned communications and
electronics engineering while serving in the
military in the 1940s. As a young radio and
television broadcast engineer in Boston, he
participated in the explosive growth of national
broadcast networks, including intensive
working sessions at RCA technologies, where
new standards were being developed. In 1958,
he brought together a team of engineering
colleagues to address a need for technology
information to serve professionals in the
broadcasting and communications industries
and Microwave Journal was born. As publisher,
Bazzy led the magazine through tremendous
growth as RF and microwave technology
markets grew across the United States and
around the world. In 1968, Mr. Bazzy’s
company, Horizon House, launched
Telecommunications magazine to serve
technical and management professionals in the
fast rising voice and data communications
industry. The company evolved to include
industry exhibitions and conferences for the
microwave and telecom industries, organized
and produced from offices in the US and in
London. Mr. Bazzy continues to serve as
Chairman of Horizon House.

William Bazzy’s introductory mes-
sage from the publisher, first pub-
lished in the July/August 1958 issue
of Microwave Journal.
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NOTE FROM THE PUBLISHER: NOW

2008 marks the 50th year of Mi-
crowave Journal (MWJ) in print.
To celebrate the occasion, we

have been running a monthly “Then
and Now” feature, reprinting a classic
article from the early years and invit-
ing industry experts to write about
the current state and future projec-
tions of each technology or product
area. I hope that you’ve enjoyed this
feature to date and will continue to
enjoy them through the remainder of
the year.

This issue is a very special one, as
we commemorate the debut of Mi-
crowave Journal 50 years ago this
month. In July of 1958, a group of en-
trepreneurs launched MWJ with the
basic mission to “… offer a forum to
the industry and be the means of
communication for the people in this
segment of the electronic field.” That
simple mission has proven successful
for half a century and counting.

But this issue is more than a cele-
bration of Microwave Journal. It’s a
celebration of the industry as a
whole; an industry with countless pio-
neers, innovators and entrepreneurs.
Randy Rhea touches on many of the
visionaries and events that helped to
create and shape our industry in his
article titled “Historical Highlights of
Microwaves.” Representatives from
SiGe Semiconductor and Raytheon
share their views on “Future Projec-
tions for RF/Microwave Technolo-
gies” and James Rautio provides an
interesting angle on the history of
James Clerk Maxwell in his article ti-
tled “Twenty Three Years: The Ac-
ceptance of Maxwell’s Theory.” Edi-

tor David Vye expands on the past 50
years of RF/microwave events
through the pages of MWJ with his
first installment of a monthly series to
run through the remainder of the
year. We have also included some
“Company Profiles” from the early
years, which I think you’ll find inter-
esting.

Many companies in our communi-
ty have recently, currently are, or
shortly will be, celebrating their own
major milestones. In speaking with
companies during the year, it became
readily apparent that we could not
adequately cover every such compa-
ny, without invariably and inadver-
tently leaving some out. With that in
mind, we decided to offer a special
“Company Profile” feature in this is-
sue, allowing companies to tell their
own story in an advertorial format.
These profiles will give you a peek at
the histories, milestones and success-
es of some of the companies that
make our industry so unique.

From meeting with companies
throughout the year and doing some
quick research, I was amazed at the
longevity of so many RF/microwave
companies. Of particular note are
Rogers Corp., who celebrated their
175th last year, Anritsu with a history of
over 110 years, Valpey Fisher at 77, Ro-
hde & Schwarz are celebrating their
75th, Aeroflex at 71, and HP/Agilent
Technologies and Molex, now in their
70th year. Companies with histories
longer than 50 years include Tektronix,
Keithley, Maury Microwave, M/A-
COM (Microwave Associates), Boon-
ton (WTG), Microphase, Microwave

CELEBRATING THE
MICROWAVE INDUSTRY

CARL SHEFFRES, Publisher

Development Labs (MDL), Microtech,
TRU Corp./ Sage Labs, Times Mi-
crowave Systems (Smiths), Coilcraft,
San-tron, Spinner, Daico, Narda Mi-
crowave and Carlisle Interconnect
Technologies. Rosenberger is celebrat-
ing their 50th anniversary this year.
Companies with more than 40 years in-
clude RLC (49), TRAK, Greenray,
Herley, Delta Electronics, Voltronics,
SV Microwave, Werlatone, MECA, As-
trolab, EMC Technologies (Smiths)
and Microwave Filter Co. Companies
celebrating their 40th anniversaries next
year include MITEQ, Mini-Circuits,
AR Worldwide and Huber & Suhner.
Those celebrating anniversaries this
year not previously mentioned include
Sonnet Software (25), Teledyne Storm
(30), American Microwave (30) and
Delta Microwave (35).

I’m certain to have omitted many
deserving companies, and I apologize
in advance. But that only serves to
support my assertion that we work in
a very unique industry, where compa-
nies continue to innovate and grow
over many years and its people tend
to stick around for the long haul. It’s
unique in a very good way. If I have
not mentioned your company, please
visit http://microwavejournal.blog-
spot.com and add your comments.
Randy Rhea has invited our readers
to add their comments to his histori-
cal piece as well.

We’re proud to be celebrating our
50th anniversary and equally proud of
the industry we serve. We’re also
thankful to our loyal readers and ad-
vertisers, without whom we would
not have reached this milestone.  ■
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Ted Saad worked at RadLab from August 1942 to
December 1945. His first assignment was under Norman
Ramsey and later Ed Purcell, in Group 42 studying the
low pressure, high power breakdown of waveguide
components. From there he moved to Group 53 to work
under Jerrold Zacharias devising microwave components
that would withstand high altitudes. This project included
creating the layout design for radio frequencies used in
airborne search and bombing radar heads. Finally, he
transferred to the beacon group, number 71, where, under
Dr. Riekel, he helped develop X-band beacon waveguide
components.

After RadLab he continued work as a radar engineer with
the Submarine Signal Company. From there he and a few
others, including Dr. Henry Riblet, formed a new
company (Microwave Development Labs or MDL)
specializing in microwave waveguide technology.
Waveguide plumbing would represent a large segment of
the microwave activity at this time. Later, he worked at
Sylvania Electric Products alongside future Microwave
Journal associate editors – Dr. Benjamin Lax and Marshall
Pease. Eventually, he started a company of his own, called
Sage Laboratories in 1955. In 1958, he joined William
Bazzy to launch Microwave Journal, serving as the
magazine’s first technical editor. He held positions as
editor-in-chief, vice-president and consulting editor up to
his retirement in the mid-1990s.

Saad was one of the organizers and first chairman of the
Boston chapter of the PGMTT. He was also editor of the
society’s The Transactions publication for two and a half
years.

An early editorial column from Ted Saad, Microwave
Journal’s first editor, originally published in September/
October of 1958.
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NOTE FROM THE EDITOR: NOW

war, our industry would make constant
improvements to the components in
these systems. Many past articles re-
veal an ongoing battle between com-
peting technologies: TWTs versus sol-
id-state; MESFETs versus PHEMT
and HBT; microwave radio links ver-
sus fiber optics; GaAs versus Silicon;
and WiMAX versus LTE. While the
market will ultimately decide the win-
ner, the engineer prepares these com-
peting technologies for battle and the
Journal is there to report the score.

With regard to predicting the fu-
ture, some things are inevitable. We
will be asked to make components
that are faster, smaller, weigh less,
consume less power, cost less and do
more. We will play a critical role in
defense and communication systems.
But just as it was challenging for the
first editor’s to conceive of commer-
cial opportunities that were on par
with the military microwave spending
at the time, it is hard for us to know
what sizable opportunities lie in wait
for us.

Our industry’s good health is due in
part to our adept ability to apply mi-
crowaves in creative ways to address
the needs of mankind. By recent re-
search and development efforts the in-
dustry is poised to play a greater role in
medical systems, automobile safety and
traffic management.

In 1958, movie producer Frank
Capra predicted global warming in a
documentary called The Unchained
Goddess. That year, a gallon of gas
cost $0.24. Given the ongoing con-
cern over global climate change and
the soaring cost of gas, communica-
tion systems that reduce the need for
travel and smart traffic that leads to
less fuel-wasting congestion are two
items “on the horizon.” Beyond that,
we shall wait and see.  ■

standing of microwave theory and an
entrepreneurial “can-do” spirit com-
mon to many high-tech start-ups.
Their excitement fueled much of our
industry’s early success. The knowl-
edge and vision of guest authors such
as Dana Atchley, president of Mi-
crowave Associates (Vol. 1, No. 1),
would give readers a front row seat on
important industry happenings.

So what did the early editors see
for the microwave industry? Seymour
Cohn very wisely commented that
“technological growth is never steady,
but comes as a random series of inven-
tive explosions.” Of course, Cohn
knew the dangers of making predic-
tions. While asking “the inevitable
question of what are the major ad-
vancements to come,” he remarked
that no one could predict “the time or
the exact nature of discoveries.” Yet
from past trends, Cohn was confident
that future inventions would be based
on earlier ideas and technologies such
as “ferrites, parametric amplifiers and
solid-state theory hold great promise.”

Articles in this first issue acknowl-
edged our reliance on military spend-
ing but tried (somewhat in vain) to
envision commercial opportunities.
Prevailing capabilities and needs
clouded their predictions. Consider
the following from this 1958 article
with respect to new microwave appli-
cations: “On the horizon we see
large-scale use of low-loss millimeter-
wave transmission in circular wave-
guides that will carry thousands of
messages simultaneously.” Change
circular waveguide to fiber optics and
thousands to millions and the predic-
tion is right on the mark.

As engineers, we solve problems.
During World War II, engineers and
scientists would evolve microwave the-
ory and techniques for radar. After the

In 1958, a microwave engineer
might earn $11,500 a year, might
have one or two customers (the

government or sub-contractor), might
have worked in ferrites, solid-state,
travelling wave tubes, or microwave
plumping and, in July, might have
been among the 12,000 subscribers
to receive the first issue of a new
trade magazine written specifically
for them and their colleagues.

Sensing the need for a full-time
periodical devoted exclusively to mi-
crowaves, several entrepreneurs be-
gan publishing Microwave Journal.
This month, we celebrate that mo-
ment and the 50 years of industry
achievement that have occurred
since. Following tradition, we have
asked two leading members of our
community to share their insights
about the history of microwaves. We
also begin a six-part series on our re-
porting of the past five decades.

Perhaps it is unavoidable to cele-
brate a milestone such as turning 50
with a reflection on the past and a de-
sire to forecast the future. Beyond
nostalgia, the past helps us to recog-
nize trends, providing some glimpse
of what’s to come. From the start, the
Journal was intended to provide such
insight by tapping into the finest tal-
ent available and communicating
their acquired knowledge. It is not
surprising that the first editors looked
to the industry’s short past to “see
over the horizon,” an appropriate
metaphor for an industry born from
radar.

Early articles helped define our in-
dustry’s identity—the nature of its ex-
istence, the scope of its technology
and applications, and the prospects for
its growth. In 1958, contributors were
opining without the benefit of hind-
sight. They did have a solid under-

IN SEARCH OF THE NEXT
MICROWAVE HORIZON

DAVID VYE, Microwave Journal Editor
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NIWEEK 2008
August 5–7, 2008 • Austin, TX
www.ni.com/niweek/

IEEE EMC SYMPOSIUM
August 18–22, 2008 • Detroit, MI
www.emc2008.org

SEPTEMBER

RADAR 2008
September 2–5, 2008 • Adelaide, Australia
www.radar2008.com

IEEE INTERNATIONAL CONFERENCE ON
ULTRA-WIDEBAND (ICUWB 2008)
September 10–12, 2008 • Hannover, Germany
www.icuwb2008.org

ANTENNA SYSTEMS CONFERENCE
September 25–26, 2008 • Austin, TX
www.antennasonline.com/ast08_index

WIMAX WORLD AMERICAS
September 30–October 2, 2008 • Chicago, IL
www.wimaxworld.com

OCTOBER

COMSOL CONFERENCE
October 9–11, 2008 • Boston, MA
http://comsol.com/conference2008/usa/

MEDITERRANEAN MICROWAVE SYMPOSIUM
October 14–16, 2008 • Damascus, Syria
www.mms2008.org.sy

AOC INTERNATIONAL SYMPOSIUM AND
CONVENTION
October 19–22, 2008 • Reno, NV
www.crows.org

EUROPEAN MICROWAVE WEEK
October 27–31, 2008
Amsterdam, The Netherlands
www.eumweek.com

INTERNATIONAL SYMPOSIUM ON ANTENNAS AND
PROPAGATION (ISAP 2008)
October 27–31, 2008 • Taipei, Taiwan
www.isap08.org

NOVEMBER

WCA INTERNATIONAL SYMPOSIUM
November 4–7, 2008 • San Jose, CA 
www.wcai.com

ELECTRONICA 2008
November 11–14, 2008 • Munich, Germany
www.electronica.de/en

ANTENNA MEASUREMENT TECHNIQUES
ASSOCIATION (AMTA 2008)
November 16–21, 2008 • Boston, MA
www.amta2008.org
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MILITARY COMMUNICATIONS CONFERENCE
(MILCOM 2008)
November 17–19, 2008 • San Diego, CA
www.milcom.org

DECEMBER

ASIA PACIFIC MICROWAVE CONFERENCE
(APMC 2008)
December 16–19, 2008 • Hong Kong, China
December 19–20, 2008 • Macau, China
www.apmc2008.org

JANUARY

IEEE RADIO AND WIRELESS SYMPOSIUM (RWS 2009)
January 16–23, 2009 • San Diego, CA
http://rawcon.org

FEBRUARY

NATIONAL ASSOCIATION OF TOWER ERECTORS
(NATE 2009)
February 23–26, 2009 • Nashville, TN
www.natehome.com

High Power, Small Size,
Broadband Performance
• Broadband from DC to 18 GHz.
• 25 to 150 watts power handling.
• All thin film construction.
• Solder and wire bond attachment.
• High reliability qualified.
• Data sheets available online at 

www.emct.com.

emct.com • rflabs.com
772-286-9300

ISO 9001 and 14001 Certified

RESISTORS

CR0402D
25 watts

CR0505D
50 watts

CR1010D
150 watts

TERMINATIONS

CT0402D
25 watts

CT0505D
40 watts

CT1310D
150 watts

Visit http://mwj.hotims.com/16343-41

COMING EVENTS

CALL FOR PAPERS

IEEE Radio and Wireless Symposium
(RWS 2009)

by July 14, 2008
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WORKSHOPS & COURSES

PRACTICAL RF/MICROWAVE DESIGN

■ Topics: This intensive, five-day
course provides acceleration through
the RF design learning curve by pre-
senting a comprehensive introduction
to RF and microwave design theory,
techniques and measurements. Al-
though the course includes the neces-
sary theoretical aspects, great emphasis
is placed upon the practicalities of RF
engineering. Many of the lectures rely
on the use of live demonstrations in-
volving test equipment and computer-
based simulation tools to illustrate con-
cepts. For more information, visit
www.conted.ox.ac.uk.
■ Site: Oxford, UK
■ Dates: July 14–18, 2008
■ Contact: University of Oxford
Continuing Education, Rewley
House, 1 Wellington Square, Oxford,
OX1 2JA +44 (0)1865 270360 or e-
mail: cpd@conted.ox.ac.uk.

MICROWAVE TRANSMISSION
ENGINEERING

■ Topics: Gain an in-depth overview
of microwave transmission network de-
sign, planning and implementation.
This course will be useful to engineers,
project managers, and other personnel
involved in planning and/or the deci-
sion making process regarding a real-
life microwave network build-out. Mi-
crowave link engineering, network per-
formance and reliability issues, link
protection and diversity, comparison of
different design models as well as pro-
ject management and logistics issues
will be discussed.
■ Site: San Diego, CA
■ Dates: August 14–16, 2008
■ Contact: For more information,
visit http://extension.ucsd.edu/de-
fensetech. 

DESIGN CHALLENGES: EMC AND
SI-PI SIMULATION

■ Topics: This workshop, concomi-
tant to the IEEE International Sympo-
sium on EMC, is designed to give to SI
and EMC engineers insight into the
latest simulation technology for analyz-
ing the most complex SI and EMC/
EMI issues. With CST STUDIO
SUITE™ 2008, attendees will get the
chance to see how modern simulation
technology can simulate and optimize
all electromagnetic issues associated
with increasingly complex 3D designs.

■ Site: Detroit, MI
■ Date: August 18, 2008
■ Contact: For more information,
visit www.cst.com.

MAKING ACCURATE LOW LEVEL
ELECTRICAL MEASUREMENTS

■ Topics: This course provides users
with a detailed understanding of how
to make accurate low level electrical
measurements. Users will learn what
constitutes a low level measurement,
the limitations of these measure-
ments, sources of measurement error
and techniques to eliminate these er-
rors. Additional topics include select-
ing the proper product for a desired
measurement and understanding the
basics of how to communicate with an
instrument from a PC. 
■ Site: Cleveland, OH
■ Dates: September 15–16, 2008
■ Contact: For more information,
visit www.keithley.com.

VF USER GROUP CONFERENCE

■ Topics: This conference will pro-
vide the exchange of information and
ideas as well as a series of presenta-
tions and talks presented by the com-
pany’s software users. This networking
forum will discuss the techniques em-
ployed to gain the best possible re-
sults in conjunction with software. In
conjunction with this two-day confer-
ence, VF is holding three workshops
and a two-day course on advanced
topics in particle beam simulations.
■ Site: Oxford, UK
■ Dates: September 22–26, 2008
■ Contact: For more information,
visit www.vectorfields.com.

THE ENTREPRENEURIAL ENGINEER

■ Topics: This short course is an in-
troduction to the personal, interper-
sonal, business and organizational
skills necessary to help engineers per-
form at high levels in today’s increas-
ingly opportunistic organizations and
enterprises. For more information,
visit http://online.engr.uiuc.edu/short-
courses/tee/index.html.
■ Site: Archived on-line course.
■ Dates: Archived on-line for any-
time viewing.
■ Contact: University of Illinois at
Urbana-Champaign, 117 Transporta-
tion Bldg., 104 S. Mathews Avenue,
Urbana, IL 61801 (217) 333-0897 or
e-mail: deg@uiuc.edu.
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Lodge did not view EM waves as useful, de-
claring a half-mile as the maximum range, and
certainly not beyond line of sight.3 Lodge used
a coherer for detection rather than a ring with
a gap. The coherer is a simple device that I
constructed as a boy. Two wire terminals em-
bedded in a small tube filled with metal fill-
ings has a relatively high resistance until co-
hered by a nearby spark. Tapping the tube re-
turns the resistance to its original state. In
1896, Bose of India gave a lecture at the Royal
Society describing his experiments with spe-
cial spark gaps to produce frequencies as high
as 60 GHz.4 He also carefully investigated the
coherer. Reference 4 is an interesting techni-
cal book on the history of wireless.

These researchers, however, did not cap-
ture the world’s imagination. Rather, it was a
young Italian by the name of Guglielmo Mar-
coni, born in 1874. He was not a theoretician,
certainly not of Maxwell’s caliber. In fact, his
education was rather haphazard, consisting
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The history of our industry is a produc-
tive mix of theory and pragmatism.
James Clerk Maxwell, a brilliant theo-

retician, predicted the existence of electro-
magnetic (EM) waves in a paper presented in
1864, although their form was not the four-
equation set used today. James Rautio has
penned a more complete history of James
Clerk Maxwell1 in this issue of Microwave
Journal. While Maxwell’s work predicted EM
waves, credit to proving their existence fell to
Heinrich Hertz, a student of Kirchhoff and
Helmholtz. In 1886, 22 years after Maxwell’s
paper, Hertz used an induction coil and spark
gap to produce a spark in a gapped receiving
loop resonant at about 450 MHz. Hertz, asked
what his discovery was useful for, replied,
“Nothing, I guess.”2 Hertz also discovered the
photoelectric effect, later described by Ein-
stein. The IEEE Heinrich Hertz Medal was
established in 1987 “for outstanding achieve-
ments in Hertzian waves…” It is presented
annually for theoretical or experimental
achievements. In the summer of 1894, Oliver
Lodge demonstrated Hertzian waves before
the Royal Society in London. Like Hertz,

HISTORICAL HIGHLIGHTS
OF MICROWAVES
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largely of miscellaneous tutors. But of
the men of his time, he was the first
with the vision and determination to
use Hertzian waves for the purpose
of long-distance communication. By
shear trial and error, constantly seek-
ing greater range, he improved the
coherer, discovered the effectiveness
of taller antennas and ground sys-
tems, and developed antenna loading.
By 1895, he triggered a coherer at
1500 yards. He traveled to England
and garnered the support of William
Preece, the Chief Electrical Engineer
of the British Post Office. In 1897,
with the financial aid of a cousin,
Marconi formed what was later
named Marconi’s Wireless Telegraph
Company Limited. By the spring of
1899 he spanned the English Chan-
nel from Wimereux, France to South
Foreland Lighthouse, England. He
claimed to span the Atlantic on De-
cember 12, 1901, from Poldhu, Corn-
wall to St. John’s Newfoundland (see
Figure 1). Because of a lack of inde-
pendent confirmation and the weak-
ness and brevity of the signal, this
claim was met with skepticism. Nev-
ertheless, by 1902, repeated success-

es silenced his critics. Due to con-
flicting records, the wideband fre-
quency is not certain but was proba-
bly near 500 kHz. Marconi did not
develop new technologies. He was a
pragmatist and secretive about his
equipment. Above all, he was a pro-
moter. The aid brought to the Titanic
by wireless SOS and the apprehen-
sion of London’s infamous Hawley
Crippen escaping to the United
States by ship were just a few of the
events that brought Marconi wireless
to the attention of the world. Thun-
derstruck3 is a fascinating, non-tech-
nical read about the development of
wireless. Once Marconi demonstrat-
ed the importance of wireless, Lodge
and others developed renewed inter-
est, and numerous tiffs over patents
and credit erupted. Marconi was
awarded the Nobel Prize along with
Braun in 1909. Marconi tarnished his
reputation by embracing Fascism be-
tween the World Wars.

In the timeline that accompanies
this article, I categorized five periods
in the history of our industry. These
periods are oversimplified, but they
illustrate trends. The first period is

the Fundamental period. Of course,
fundamental discoveries continue to
be made, but the Fundamental peri-
od was dominated by discovery as the
scientific method dawned. Wired
communication existed, but wireless
and microwave applications were
non-existent during this period.

The advent of wireless telegraphy
began the Communication and Broad-
cast period, a period whose heyday
reigned until the 1930s. While world
navies quickly embraced wireless teleg-
raphy, this is a period of primarily com-
mercial activity, and technological de-
velopments paving the way for the elec-
tronic explosion that soon occurred.
During this period the term radio sup-
planted the term wireless. Like the pre-
vious period, Communication and
Broadcast is dominated by individual
effort, inventive minds working alone,
often driven by the thirst for profit
bearing and sellable patents. Large
companies grew by acquiring patents.

Fessendon was one of the first to
transmit voice rather than Morse
code. He also used alternators to pro-
duce low-frequency radio waves and
wireless transatlantic communication
became routine. Working with GE,
they built alternators generating co-
herent signals as high as 100 kHz, an
improvement over the tuned broad-
band spark, but it was brute force and
the upper frequency was limited. The
electronic era began with the devel-
opment of the vacuum tube diode by
Fleming in 1904 and the triode by
De Forest in 1906. Thereafter
progress was rapid. Broadcast joined
the Communication period in 1920
when 8MK, later WWJ, began regu-
lar broadcasting from Detroit. In
1920, in one of the first broadcasted
sports events, Jack Dempsey knocked
out Billy Miske. By 1925, radio
broadcasts included music, news,
sports, educational programs, com-
mercials and President Coolidge’s in-
augural address on 25 stations.

Important technological develop-
ments during the Communication

1831

Fundamental  Theory

1800

1800 1810 1820 1830

1820 1827

▲ Fig. 1  Transmitting equipment at Marconi’s Poldhu station (courtesy of ARRL.org).
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and Broadcast period included the
CRT by Braun in 1897, the discovery
of superconductivity in 1911 by
Onnes, the growth of single crystals
by Czochralski in 1916, the flip-flop
in 1919, the magnetron by Hull in
1920, the quartz crystal oscillator by
Cady in 1922 and the Yagi-Uda an-
tenna in 1926. These examples illus-
trate the latency involved in many
technological advancements. It was
75 years from the discovery of super-
conductivity until its widespread use
in microwave systems. It was 27 years
from the development of the flip-flop
to the ENIAC computer and 62 years
to the personal computer. The appli-
cation of the flip-flop and supercon-
ductivity required the additional
technical developments of the inte-
grated circuit and higher temperature
superconductors. Potocnik5 suggest-
ed geo-synchronous orbital positions
in 1928, but neither electronics nor
booster rockets were ready. Other
technologies were unencumbered by
latency, such as the Yagi-Uda parasitic
array and the magnetron, as it and
waveguide ushered in the Military
period.

While commercial electronic appli-
cations continued to advance, in the
1930s, tensions in Europe and move-
ment by Japan onto the Asian conti-
nent gave impetuous to radar devel-
opment. Enabled by the magnetron
and waveguide, radar development
became rampant. Page tested a
monopulse radar in 1934, Watson-
Watt coined the term radar in 1935,
Russell and Sigurd Varian developed
the klystron in 1937, and by 1940 the
MIT Radiation Laboratory began and
England was protected by the Chain
Home radar. The Military period had
clearly begun. World War II was also
the driving force of the quartz piezo-
electric industry. Huge quantities of
bulk-quartz resonators employing
pressure-plate electrodes stabilized
communication radios. World War II
and the Cold War dominated our in-
dustry for 50 years. Governments

worldwide pumped vast sums of mon-
ey into the industry. The original issue
of Microwave Journal was published
in July/August 1958 with a Bomarc
missile on the cover and with Phillip
Smith’s 1939 chart in the background.
A biography of Smith was included in
that original Microwave Journal. Mili-
tary dominance of the industry was
evidenced in the original issue by all
three technical features concerning
radar components. Also, 13 of 21 ads
included images or material for wave-
guide. Semiconductors were featured
in only one ad!

While microwave applications
were driven by the military, technolo-
gy that sprang from the spending was
the foundation for the periods that
followed. Certainly not all develop-
ments of the period were military dri-
ven, but many were. The most impor-
tant development of the period was at
Bell Labs: the point-contact transistor
in 1947 by Bardeen and Brattain.
Shockley followed soon thereafter
with the planar transistor. All three
were awarded the Nobel Prize in
1956. Bardeen was a formidible engi-
neer. He shared a second Nobel Prize
in 1972 for the Bardeen, Cooper and
Schrieffer (BCS) theory of supercon-
ductivity and his first PhD student,
Holonyak, invented the light emitting
diode (LED). A postage stamp was
released in Bardeen’s honor in March
2008 (see Figure
2). In 1958, Kilby at
TI and Noyce at
Fairchild invented
the integrated cir-
cuit (IC), and the
rest is history. Other
important, non-mil-
itary events of the
period were the ap-
proval of the Na-
tional Television
System Committee
standard in 1941, a
description of an
Instrument Landing
System by Pickles in

1946, experiments with NMR by
Bloch and Purcell in 1946, the AT&T
C-band long haul network beginning
in 1950, Deschamps proposal of the
patch antenna in 1953, and the first
meeting in New York in 1952 of the
PGMTT, now the MTT-S.6

On October 4, 1957, the Soviet
Union launched Sputnik I. As a boy
of 10, I kept a scrapbook with news
clips about Sputnik and the failed
December 1957 Vangard launch and
I listened to the periodic and persis-
tent beep from Sputnik on a short-
wave radio. On January 1, 1958, the
United States launched Explorer I.
These events precipitated my interest
in astronomy, radio and rocketry, and
I later chose radio engineering as a
career. I was not alone. The Soviet
Union launched not only an 84 kg, 58
cm sphere, but also the careers of
many engineers. It also launched the
United States government into fund-
ing of local secondary schools for sci-
ence, the establishment of NASA in
1958, and the Space Exploration pe-
riod depicted in the timeline. Luna 1
flew by the moon in 1959 and a num-
ber of space probes followed. Yuri
Gagarin, the first human to orbit
Earth in 1961, died at age 34 during a
routine MIG 15 flight. The first geo-
synchronous satellite was Syncom 2
in 1963. After successful Mercury,
Gemini and Apollo test flights by

1864 1876 1880

1840 1850 1860 1870 1880

▲ Fig. 2  Postage stamp released March 2008 commemorating John
Bardeen.
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NASA, on July 20, 1969, Neil Arm-
strong and Buzz Aldrin set foot on
the moon. As a testament to the pace
of technology, my grandfather never
believed man set foot on the moon. I
knew they at least orbited the moon.
My thesis at Arizona State University
was the construction of an earth sta-
tion which received Unified S-band
voice communications from Apollo
16 and 17. Each night I watched the
moon move 13° further East, ap-
proaching the point in the sky where
my antenna was pointed and Apollo
was headed.

Pioneer 10 (see Figure 3), pow-
ered by a radioisotope thermoelectric
154 W generator, and built by TRW,
was launched in 1972. It used a 2.74
m dish for the high-gain antenna. The
downlink was an 8 W TWT at 2292
MHz. In 1973 it passed by Jupiter,
and in 2003 NASA communicated
with Pioneer 10 for the last time at a
range of 7.5 billion miles7 on its way
toward Aldebaran. What would Mar-
coni think of that distance record? It
was 172 years from Volta’s battery to
the launch of Pioneer 10. For the
manned near-Earth exploration that
followed Apollo, NASA augmented
the S-band systems with the Ku-band
Tracking and Data Relay Satellite
Communication Systems (TDRSS).
In roughly two million years, as Pio-
neer 10 approaches the area of Alde-
baran, what might the Aldebarians
think of the parabolic dish, the tran-
sistors, the TWT and the nearly dead
radioactive battery? What will be the
story of mankind?

Other important events of the
Space Exploration and Military peri-
ods were numerous, including the
first laser by Maiman in 1960,
Kurokawa’s paper popularizing S-pa-
rameters in 1965, RCA developing
CMOS in 1968, AT&T proposing
AMPS cellular in 1971, the first com-
mercial microwave software in 1973,
and GPS approval and RFID patents
in 1973. Just as one of the first radio
broadcasts was a boxing match, ironi-

cally, one of the first satellite deliv-
ered events from HBO to a cable TV
operator was the 1975 “Thriller in
Manila” between Muhammad Ali and
Joe Frazier. GTE deployed a fiber
optic link in 1977, GaAs FETs
reached 10 W at 10 GHz in 1980 and
AT&T divestiture occurred in 1982.
In 1983 Motorola released a cell
phone and by 1987 the operating
temperature of superconductor mate-
rials abruptly rose.

During Ronald Regan’s eight-year
tenure as President, the United States
spent $2.2 trillion for the military. In
December 1989, George W. Bush and
Gorbachev, meeting in Malta, de-
clared and end to the Cold War.8 The
dissolution of the Soviet Union in
1991 left little doubt and the Com-
mercial and Data period was born.
Not that military spending would de-
crease, but more of the budget would
go to operations. Many engineers of
my era transitioned from defense re-
lated work. For me, it was somewhat
earlier, from radar to cable television
and earth station work. The term wire-
less became fashionable again.

The metonym Silicon Valley was
coined by Ralph Vaerst and published
by a friend in 1971, but Stanford Uni-
versity and the earlier founding of
Hewlett-Packard in 1939 were the
seeds. Many companies in Silicon
Valley had either been commercially
driven or made the transition from
military to commercial. If his employ-
er didn’t make the transition, an engi-
neer often did. The Commercial and
Data period made heavy use of tech-
nologies developed, or at least con-
ceived earlier. New semiconductor
processes were released, MEMS de-
vices matured from pressure sensors
to RF applications, LTCC work be-
gan in earnest and FBAR devices
were used as RF filters.

On Thanksgiving Day in 1966,
Howard Hughes moved into the top
two floors of the Desert Inn in Las Ve-
gas with a ten-day reservation.9 After
an extended stay, the Desert Inn re-
quested that he vacate to accommo-
date high-rollers. Instead, he pur-
chased the Inn, and later several other
properties on the Strip. Aside from the
role Hughes and his companies played
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▲ Fig. 3  Design of Pioneer 10 space probe (courtesy of NASA).
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in our industry, and his Spruce Goose
being the centerpiece of an MTT-S re-
ception in Long Beach, CA, in 1989,
what does the Desert Inn have to do
with our industry? The beautiful and
classy Desert Inn was razed in 2001 to
make way for the modern Wynn Las
Vegas. The Wynn opened in 2005 with
its casino poker chips among the first
to use RFID tags.

My last entry on the timeline is the
termination of NTSC television
broadcasts in the United States in
2009. In the United States, television
broadcast is going digital ATSC (Ad-
vanced Television Systems Commit-
tee). An obvious trend in the timeline
is a bubble of increased events in the
period from 1930 through the 1970s.
Were there actually more watershed
events during this period than later?
Have important developments
slowed? Or is the bubble an artifact
of my selection process? It could very
well be the latter. For example, few
would have foreseen the significance
of the printed wiring board when it
was patented in 1936. It was some 30
years later before the PWB dominat-
ed electronics. From 1980 and on, I
have probably missed many truly im-
portant events that are buried in the
myriad of reported technologies and
technical papers of our time. Certain-
ly nanotechnology, MEMS and new
material technologies are truly water-
shed. But what have I missed?

I intentionally avoided the associa-
tion of names with important develop-
ments after 1965. The passage of time
disengages us from the moment and
often clears our vision. Even so, the
assignment of credit can be difficult,
as evidenced by the debate over
whether Hertz, Marconi, Tesla or oth-
ers are due the credit for wireless.
The number of contributors in our in-
dustry has exploded, as evidenced by
12 papers presented to 210 attendees
at the first PGMTT meeting in 1952.
Compare that with MTT meetings of
today. More importantly, the assign-
ment of credit is particularly difficult

for one individual specialized in a nar-
row field of our industry. Therefore, I
put the question to you. Visit www.mi-
crowavejournal.blogspot.com and
nominate your candidates for impor-
tant developments and contributors,
from the past to the present.  ■
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What Happened in 1958?
• NASA North American Space Agency
is formed
• 14 year old Bobby Fischer wins the
United States Chess Championship
• Munich air disaster—21 dead, includ-
ing seven Manchester United players
• Toyota and Datsun cars go on sale in
the US
• Nikita Khrushchev becomes Premier of
the Soviet Union
• Nelson Rockefeller elected Governor
of New York
• US unemployment reaches 5.2 million
• US passenger jet flights start with a Na-
tional Airlines Boeing 707
• The first Trans Atlantic passenger jetliner
service begins with flights between London
and New York on the new Comet Jet
• The Great Chinese Famine begins in
1958 and ending in 1961 causing the death
of nearly 30 million through a combination
of natural disasters and poor planning
• Elvis Presley is inducted into the Army
• General Charles de Gaulle becomes
Prime Minister of France
• Brazil wins the 1958 World Cup in
Sweden

Technology
• The Microchip first developed in US
by Intel
• London Gatwick Airport opens after
two years of extensive reconstruction
• US nuclear submarine “Nautilus” pass-
es under Ice Cap at North Pole
• The US Military says it will be possible
with satellites orbiting the earth to make
detailed maps from space

Inventions Invented by Inventors 
and Country

• Microchip USA by Jack Kilby
• Computer Modem USA
• Remote Control USA Zenith Corp.

Popular Culture
• The Wham-O company introduces the
Hula Hoop; over 100 million are sold
• The Broadway musical “My Fair Lady”
opens in London, with Rex Harrison as
Professor Higgins and Julie Andrews
playing Eliza Doolittle 
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1970 1980 1990 2000 2010

Commercial & Data

1971 19801982 1991 200520021997

1800:
Volta develops battery
1820:
Oersted discovers current deflects a compass
1827:
Ohms Law is published
1831:
Faraday discovers moving wire in magnetic field
produces current
1864:
Maxwell presents key paper on electromagnetics
1876:
Bell utters “Watson, I want to see you”
1880:
Heaviside develops transmission line theory;
rewrites Maxwell’s equations
1886:
Hertz confirms EM propagation using spark
1893:
J.J. Thompson proposes waveguide
1896:
Bose generates sparks as high as 60 GHz
1897:
Braun constructs CRT; also invents Galena detector
(first semiconductor)
1897:
Lord Rayleigh describes waveguide mathematically
1900:
Fessenden demonstrates voice by wireless;
constructs alternators for wireless
1901:
Marconi spans Atlantic using spark
1906:
De Forest invents triode vacuum tube
1911:
Onnes discovers superconductivity
1912:
Armstrong improves tube amplifier, later FM and
the superheterodyne
First electronic oscillators by De Forest and others
1916:
Czochralski grows single crystals
1917:
Wagner and Campbell refine electric filters
1919:
Eccles and Jordan invent flip-flop
1920:
Hull develops magnetron
8MK, later WWJ, in Detroit begins regular
broadcasting
1922:
Cady produces quartz crystal oscillator
Taylor and Young detect wooden ships with CW
radar
1926:
Trains between Berlin and Hamburg have radio
telephones
Yagi-Uda antenna developed
1928:
Nyquist publishes his sampling theory
Potocnik suggests geosynchronous belt

1930:
Clavier uses parabolic dish for experimental
microwave phone link
1932:
Jansky discovers noise from Sagittarius
1935:
Watson-Watt coins term radar and later the term
ionosphere; patents radar in UK
1936:
Eisler devises printed circuit
1937:
Varian brothers develop klystron
Stibitz develops digital computer with relays
1938:
Schottky describes metal-semiconductor junctions
1939:
Hewlett and Packard launch a garage shop
Phillip Smith publishes his chart
1940:
MIT Radiation Laboratory opens
Chain Home radar in service in UK
1941:
B&W TV NTSC standard adopted
1942:
Friis develops noise figure theory
1944:
Rabi suggests using magnetic resonance for clocks
1946:
Signal bounced off moon
Pickles describes Instrument Landing System
Bloch and Purcell experiment with NMR
1947:
Bardeen and Brattain develop transistor
1948:
Watson builds first CATV system; also first to use
microwaves to import TV
1950:
AT&T 3.7–4.2 GHz long haul network begins operation
1952:
First MTT meeting then the PGMTT
1953:
Deschamps proposes patch antenna
NTSC color TV introduced
MTT Transactions first published
1956:
First commercial atomic clock
1957:
Sputnik launched
1958:
Kilby at TI and Noyce at Fairchild develop the IC
Microwave Journal first published
DARPA established
1959:
Feynman foresees nanotechnology
1960:
Maiman constructs first laser (ruby)
1963:
Syncom 2 is first geosynchronous satellite
1964:
Matthaei, Young and Jones publish “The Book”
Penzias and Wilson discover cosmic background
radiation

1965:
Kurokawa’s paper popularizes S-parameters
1968:
RCA develops CMOS
1969:
Unified S-band system links LEM and Earth
Internet began as Arpanet
1971:
AT&T proposes AMPS to FCC 
Alohanet packet radio data network launched
1972:
Pioneer 10 launched
First MTT-S with exhibition
1973:
First commercial microwave software
GPS development approved
Patents for RFID issued
1974:
Volume production of MEMS pressure sensor by
National
1977:
GTE deploys 6 Mbps fiber-optic link in Long Beach
1978:
AT&T begins testing of cellular phone system
1980:
GaAs FETs reach 10 W at 10 GHz
1981:
IBM PC released
1982:
AT&T divestiture
1983:
Motorola releases cell phone
1985:
FCC approves data in ISM bands
1987:
Temperature of practical superconductor materials
abruptly rise as do applications
1990:
LTCC work begins in earnest
1991:
Radar guided Patriot makes nightly news
1993:
GPS with Block II operational
1996:
FCC adopts ATSC for digital TV broadcast
1997:
Work on HF MEMS begins in earnest
2002:
Agilent releases MEM FBAR filter for PCS
transmitters
2003:
NASA’s last contact with Pioneer 10 at 7.5 billion
miles
2004:
Microwave cancer treatment trials begin
2005:
Wynn Casino opens with RFID tags in poker chips
2009:
NTSC TV broadcast ceases
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and dramatic improvements in RF and SoC
capability and power consumption have en-
abled a richer mobile Internet browsing expe-
rience. Many are now focused on adding loca-
tion-based services to mobile handsets, and
the mobile device needs to have the required
RF circuitry to handle all of these diverse sig-
nal chains.

INNOVATION REQUIRED
Seamless inclusion of wireless communica-

tions into our day-to-day existence has, until
recently, often frustrated the best efforts of
the wider electronics industry. Often referred
to as “the black art of electronics,” RF signal
processing has long resisted the transition
from circuit board-based discrete components
to IC subsystems. Discussions of “the future
of wireless communications” over the last
decade have often referenced relatively exotic
RF physical layer architectural innovations
such as “software-defined radio” and “polar
modulation,” implying that fundamental re-
thinking of the approach to RF signal process-
ing represented the best path to wireless per-
vasiveness.
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The future of wireless communications is
about its evolution from a technology to
a resource—as common to our experi-

ence as water and electricity. In order to get
there, though, the industry has to overcome
some significant design challenges in mobile
devices, many of which will be helped by ad-
vancements in semiconductor technology. To-
day’s consumer mobile devices can include as
many as nine RF chains, and engineers are
taxed to meet the size, power and coexistence
requirements of next-generation form factors.

While many of us tend to focus on the evo-
lution of networking technology standards and
technologies as the driver of ubiquitous wire-
less (EDGE or 1xRTT? LTE or WiMAX?
Satellite-based or terrestrial-based? Single-
carrier or multi-carrier?), the reality is that the
future of wireless communications is as much
about the consumer device as it is about the
network on which the device operates. The fu-
ture of wireless communications is about how
seamlessly wireless capability—and, most crit-
ically, RF technology—integrates into the var-
ious devices, vehicles, tools and spaces defin-
ing our daily lives. In addition, next-genera-
tion designs must be able to keep up with
changing usage models. For instance, few pre-
dicted the explosive growth of text messaging,

LOOKING AHEAD: 
THE FUTURE OF
COMMERCIAL WIRELESS—
RF PLUG AND PLAY
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Instead, the future of commercial
wireless communications lies not with
exotic architectures, but with funda-
mental advances in how we use exist-
ing semiconductor manufacturing
technologies. If the microprocessor
industry has taught the RF industry
anything, it is that, when done well,
system-level functional integration
enables lower power consumption,
increased performance and smaller
component footprints. As the user’s
experience of a wireless service is de-
fined by the performance of the de-
vice, so the performance of the de-

vice is defined by the quality of the
RF physical layer. The future of wire-
less communications lies with innova-
tions in RF physical layer integration
on the scale achieved for the opera-
tional amplifier in the 1970s: reliable,
repeatable performance; standard-
ized interfaces; user-programmable
functionality; and ease of manufac-
ture. Borrowing from the software in-
dustry, the promise of truly ubiqui-
tous wireless requires a “plug-and-
play” RF physical layer.

INTEGRATION OPPORTUNITIES
A crucial impact on the future of

wireless communications comes from
the transition to multi-carrier orthog-
onal frequency division multiplexing
(OFDM) modulation as a means for
gaining increased bandwidth from a
scarce worldwide spectrum resource.
All next generation radios will be
based on OFDM, including those
used in Long Term Evolution (LTE)
mobile handsets, WiMAX and WLAN
systems. OFDM most notably results
in high peak to average power ratios,
which drives a need for higher effi-
ciency RF power amplifiers.
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▲ Fig. 1  Google maps on a mobile device.
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▲ Fig. 2  Block diagram for an integrated RF physical layer GPS receiver.

▲ Fig. 3  Integrated antenna-RF front-end
for GPS (courtesy of Antenova).

▲ Fig. 4  The shrinking of the RF PA form factor over the past few years.
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▲ Fig. 5  802.11a/b/g/n system in package. ▲ Fig. 6  Multi-die 3 × 3 QFN package.
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The interrelationships between
signal processing quality, power
consumption and transmit
power/receiver sensitivity are com-
plicated by the requirements of
OFDM signal processing for the RF
physical layer.1 Yet, along with these
inherent challenges, the transition
to OFDM provides the opportunity
to develop converged multi-mode
RF physical layer functionality. As
high-bandwidth wireless content is
delivered to a wide variety of con-

sumer platforms, system designers
will need the RF physical layer to
have “operational amplifier-like”
qualities, meaning it will need the
ability to be optimized for specific
requirements and self-compensate
performance for wide variations in
operating conditions.

An op amp integration model for
RF would also invite collaboration
between numerous product and tech-
nology partners, such as what has oc-
curred at the content processing lev-

el. This will surely stimulate innova-
tions that will improve the wireless
experience. The rapid introduction of
navigation as a mobile phone applica-
tion was made possible by the relative
ease of introduction of the GPS hard-
ware solution onto the mobile phone
platform. As GPS becomes integral to
the mobile phone, applications and
operating systems will better inte-
grate navigation and other location-
based services into the mobile phone
experience.

Visit http://mwj.hotims.com/16343-116
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For instance, if mobile handsets
could support more bandwidth,
Google maps could download fast
enough to provide real-time informa-
tion while driving, and still leave
enough power to make a phone call
(see Figure 1). RF physical layer in-
tegration on par with that of the op
amp will enable the types of collabo-
ration necessary to continue integrat-
ing wireless services into the full

range of daily activities. But how do
we get there?

RF PLUG AND PLAY
As a matter of fact, this concept of

RF “plug-and-play” is already becom-
ing a reality. For instance, location-
based services in mobile phones have
been eagerly anticipated for almost a
decade. Although CDMA phones
have incorporated GPS-based base-

band signal processing since their in-
ception, the need for high receiver
sensitivity (roughly –160 dBm) and
near-frequency high-power interfer-
ence from cellular signals created a
natural impediment to small foot-
print, low-power GPS solutions for
full-featured, location-based con-
sumer services. However, this all
changed with the introduction of high
performance, low power consump-
tion, integrated RF physical layer
GPS receivers that are capable of co-
existence with cellular networks (see
Figure 2). Their release has been the
catalyst for rapid integration of GPS-
based navigation services in mobile
phone platforms.

The need for WLAN functionality
in handheld devices led to the con-
vergence of WLAN, FM radio, GPS
and Bluetooth technologies onto sin-
gle digital signal processing plat-
forms. We are now seeing multi-func-
tion RF front-ends—combining the
power amplifier, low noise amplifier,
RF switch and filtering in a single
package, creating multi-mode RF sig-
nal processing solutions. These high-
er levels of integration and modular-
ization are made possible by semicon-
ductor technologies such as silicon
germanium (SiGe), which enables
single-chip mode-programmable RF
front-ends with the RF performance,
low power consumption and small
form factors required for thin, dis-
play-centric devices similar to Apple’s
iPhone.® The end result of RF plug-
and-play integration will be a rich
suite of wireless connectivity-based
applications—in-car navigation sys-
tems with roadmaps showing location
through GPS, local traffic using FM
radio data system (RDS), which is
linked to the car’s audio system via
Bluetooth, and the ability to upload
audio and video entertainment via
WLAN.

The migration of RF signal pro-
cessing design from “device-centric”
to “function-centric” lies at the core
of the evolution of the RF physical
layer from “black art” to functional
block. Today’s technologies are dri-
ving the trend for multiple radios in a
system, supporting multiple trans-
mit/receive chains and frequency
bands. The net result is, without con-
tinuing innovation in functional inte-
gration of the RF physical layer, wire-
less connectivity solutions will simply
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be too big and consume too much
power. As wireless connectivity is in-
corporated into mobile handsets, the
major push for change is coming
from this powerful market, with more
than 1.2 billion units sold per year. In
the end, whatever drives the mobile
device handset market drives the
wireless connectivity industry. Right
now it is battery life, power control

and thinner, smaller packages. The
antenna-RF front-end interface is of-
ten a source of performance limita-
tions in the RF physical layer. System
solutions integrating the antenna and
the RF front-end such as this solution
for GPS in Figure 3 will certainly
drive the incorporation of wireless
connectivity into the devices we use
each day.

RF CHALLENGES
The RF front-end tends to have a

high number of surface-mount com-
ponents. Currently, this has been re-
duced to only a few components,
down from more than 100 only a few
years ago. For instance, note that the
form factor of the RF PA has shrunk
considerably over the past few years
(see Figure 4). Area has tended to
shrink by a factor of 2 or more each
year, with the latest PAs measuring at
about 4 mm2. Increased integration
has allowed wireless RF to proliferate
in consumer electronics, including
printers, cameras and mobile phones.
But this level of integration is simply
not enough. What the industry really
needs is a complete, pretested, plug-
and-play RF functional block that can
be effectively dropped onto a moth-
erboard.

However, in RF designs, mono-
lithic integration needs to be careful-
ly considered in terms of trade-offs to
performance and power consump-
tion. To balance these concerns,
many of the latest wireless designs
are incorporating RF system in pack-
age (SIP) technology, which brings
together the best processes for differ-
ent RF front-end functionalities, op-
timizes system performance and
houses it all in a single package. SIP
designs tend to have the best balance
of low cost, high performance and
power consumption. In addition, RF
front-ends in a SIP configuration are
simple 50 ohm in/out, allowing ease
of system integration.

OPTIMIZED BUILDING BLOCKS
In a SIP design, each block is opti-

mized for cost versus performance
(see Figure 5). By creating standard
building blocks, SIP designers can
quickly customize a design for a par-
ticular application or customer. SIPs
also offer the advantage of a laminate
substrate, which can be used for
routing and the inclusion of surface-
mount components within the pack-
age. The substrate also allows design-
ers to make small changes/adjust-
ments to optimize performance for
each customer, a type of mass cus-
tomization. By developing pre-vali-
dated RF building blocks, SIP de-
signers can include them in different
modules, providing a validated design
in one third to one quarter the time it
takes to spin an IC.
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For example, Figure 5 shows a
dual-chain RF front-end module
(FEM) for 802.11 a/b/g/n designs
where designers were able to choose
a specific technology for each block
in order to optimize performance.
For instance, the 5 GHz PA is GaAs
HBT, the dual-band LNA and switch
are GaAS HEMT, the filters are im-
plemented in a passive component
only process, and the 2.4 GHz PA

and logic are integrated in BiCMOS.
In this type of application, the SIP
approach allows a mix of technolo-
gies in a single package, allowing sys-
tem designers to choose the best
technologies and then do a module
integration to deliver all  of the
functions that a customer wants in 
a short time. The advantage here 
is a single package with the RF
front-end functionality that can be

dropped into a design to add wire-
less capability.

AVAILABLE TECHNOLOGIES
Despite its many advantages, the

use of a laminate substrate in SIP de-
signs affects package height, assembly
complexity and cost, so package and
assembly are becoming important ar-
eas of research. One recent trend is
toward the use of multi-die QFN.
Figure 6 shows a multi-die 3×3 mm
QFN that achieves the < 0.5 mm
height required for mobile phones.
The innovative package shown here
also includes a number of thru-die
vias, which are critical to reducing
size and the number of required wire
bonds.

In the latest state-of-the-art smart-
phones, the RF signal chain requires
a surprising 18 mm2 of board space.
In Figure 7, the RF chain is the area
surrounded by the dotted line. Note
the large footprint also required for
voltage regulators and enable func-
tions. The addition of WLAN in mo-
bile handsets is driving a need to in-
tegrate all of these components into a
3×3 mm package.

To address this need, some design-
ers using GaAs for power amplifica-
tion are achieving good integration of
the PA with low-noise amplifiers
(LNA) and switches. These multi-
function RFICs have only become
available recently, and foundry sup-
port for fabless RF design companies
planning to use these technologies is
still not mature. TriQuint Semicon-
ductor recently announced GaAs
RFICs for the front-end with this lev-
el of integration. However, because it
is implemented in GaAs, the device
still requires external filtering and
control circuitry that needs to be im-
plemented in silicon. In addition,
since the designs are transistor-based,
they cannot integrate CMOS-based
control logic.

Taking the RF functionality to the
next level of integration requires the
use of BiCMOS to address the addi-
tion of control logic. As a result, the
integration of SiGe bipolar RF per-
formance with SiGe CMOS bias-and-
control functionality onto a single,
small-footprint integrated circuit is a
key enabler for the rapid growth of
wireless connectivity for multimedia
services in mobile consumer elec-
tronics devices. The next generation
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front-end modules (FEM) under de-
velopment integrate multiple power
amplifiers, LNAs, power detectors, a
T/R switch, filters, diplexers and asso-
ciated matching circuitry (see Figure
8). This type of module can operate
directly off of the battery, which re-
moves the need for external regula-
tors, as required in GaAs RFICs.

During all of this advanced inte-
gration, coexistence filtering will also

be of paramount importance. To be
successful, the RF signal chains re-
quired for Bluetooth, WiMAX, FM
radio, Wi-Fi, NFC and GPS services
cannot interfere with each other. Of
great concern will be Wi-Fi and
CDMA because of their close prox-
imity to each other, so module and
RFIC designers will need to be espe-
cially careful with filtering. When log-
ic can be implemented in the mod-

ule/chip, programmable filters can be
used to alleviate coexistence issues,
and each function can be fully opti-
mized. This programmability will al-
low tighter production controls as
well, giving OEMs a more uniform
product.

Some SiGe BiCMOS products are
already available in flip-chip chip
scale packaging (CSP). Most wireless
connectivity modules, including the
transceiver and RF front-end, are all
trending toward flip-chip architec-
tures because of the low cost of as-
sembly. In addition, flip-chip CSP of-
fers the smallest footprint, lowest
height solution, making it very desir-
able for portable wireless applica-
tions. Another advantage of BiCMOS
is that there are mature foundry serv-
ices available for manufacturing in
high-volume, low-cost production
quantities, and the world’s big
foundries all have well-established
roadmaps that are based on BiC-
MOS.

FUTURE DEVELOPMENTS
With the drive toward BiCMOS

integration, the future of the RF sig-
nal chain will likely see a serial inter-
face, which will also allow designers
to reconfigure PAs on the fly as part
of the power control loop to address
the needs of emerging multi-band,
multi-standard wireless designs. For
example, if you want to have Wi-Fi
operate at a low power level, with a
serial interface you can reconfigure
the PA depending on the local power
level required. Currently, this is done
by simply backing off power, which
negatively impacts efficiency. You will
be able to optimize efficiency, which
is particularly important for next-gen-
eration OFDM designs.

For designers, there is also a well-
established roadmap for involving
BiCMOS technology nodes and inte-
grating pre-validated standard blocks.
So, with BiCMOS, instead of design-
ing transistors for customized func-
tionality, engineers can pull and li-
cense intellectual property (IP)
blocks for standard functions or trade
them between development groups
within a company. This allows compa-
nies to focus their limited design re-
sources on supporting customers and
speeding time to market.

Most designers recognize the ad-
vantages of silicon CMOS, and many
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see SiGe as the natural bridge tech-
nology to silicon. In the end, BiC-
MOS technology uniquely combines
the strengths of HBTs (PA, LNA, RF
switch) and CMOS (bias and control)
in a single manufacturing process.

As a result of a transition to BiC-
MOS technology and plug and play
RF functionality, we can expect RF to
be the third wave of the fabless design
revolution, following in the successful

tradition of digital CMOS and high-
speed analog design. At the highest
level, the future of wireless is simple:
making the world a smaller place. In
2007, social networking became the
largest contributor to Internet traffic,2
and we can expect this trend to mi-
grate to mobile devices. Wireless pro-
vides human beings with personal in-
teraction and access to information
and entertainment in ways no other

technology can provide—on-demand,
anytime, anywhere, in any format.
And people who interact with each
other, who share access to information
and entertainment with each other,
tend to be people who enjoy each oth-
er. This is indeed a great model for
the future of wireless.  ■
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T&M Milestones

Higher, faster, more precise – the T&M industry is al-

most Olympic in nature, and not only since yesterday.

Numerous new technologies and increasingly higher

frequencies are challenging T&M. For 75 years now,

Rohde&Schwarz has been in business and success-

fully combining seasoned know-how with strong inno-

vation. And the company‘s T&M solutions for wireless

communications, general electronics and microwave

are often ahead of their time. A historical snapshot.

The present – 2008: Rohde&Schwarz is a leading global sup-

plier of T&M equipment for wireless communications and

electromagnetic compatibility (EMC). Every second mobile 

phone is produced or developed using T&M equipment

from the Munich-based electronics group. Manufacturers of 

electronics around the world rely on high-quality products

from the T&M expert – regardless whether in spectrum and

network analysis, signal generation or power measurement. 

-

rect customer care, and the company‘s great manufacturing 

depth translates into maximum quality and precision. But

how did all of this start?

We glance back to the year 1932. Even before founding the 

company, Dr. Lothar Rohde and Dr. Hermann Schwarz de-

Starting in autumn 1933, the company launched operations 

under the name „Physikalisch-Technisches Entwicklungsla-

bor Dr. L. Rohde und Dr. H. Schwarz“ – now known as 

-

seller was the WIP interference wavemeter from 1933, sold 

throughout the world for more than 20 years. 

Since its early days, the company‘s objective has been

achieve high integration. To avoid the use of numerous

separate test instruments, the company in 1952 developed

the URI electronic multimeter – a small, ten kilogram tester. 

Likewise in the 1950s, the T&M expert became a pioneer in

of S-parameters and to display them in a Smith chart. A

further highlight from this era was the compact SWOB wide-

band sweep generator, whose successors were considered a

standard in TV set alignment for years to come. 

Germany‘s Wirtschaftswunder (economic miracle) and the 

continued general evolution of technology led to a strong 

increase in the number of electronic components and in-

struments over the following decades. EMC measurements

by using its expertise in receiver development as a spring-

company equipped Europe‘s most advanced and largest

EMC anechoic chamber in Greding, Germany. 

During this phase, Rohde&Schwarz step-by-step gained a

Advertorial

Rohde & Schwarz: 
75 Years of Driving Innovation
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analyzer rapidly became a standard in audio engineering. In

market. And the high-quality SMPC frequency synthesizer

also won over customers worldwide with its low single side-

band phase noise and high spurious suppression. The com-

pany‘s entry into spectrum analysis followed in 1986 – and, 

to the surprise of the competition, Rohde&Schwarz bounded

into the major leagues in one leap with its FSA. Plus, the 

story of power and voltage measurement – one of the com-

to numerous innovations. In the mid-1980s, for example, a

data memory for calibration data was directly integrated into

USB power sensors were brought to market.

Finally, Rohde&Schwarz has for decades been playing a ma-

jor role in T&M equipment for the wireless market. By intro-

helped GSM conquer the world. The system helped deter-

mine whether mobile phones performed to standard. Since 

then, test systems and testers from Munich have accompa-

nied all major developments in the wireless industry. 

This brief journey through seven and a half decades is now

nearing an end. Manufacturers of electronics and wireless

companies know Rohde&Schwarz as a supplier of custom-

ized solutions. The company‘s signal generators offer dual-

path capability and generate spectrally ultra-pure signals. In

network analysis, the product portfolio offers the economy-

Advertorial

Rohde & Schwarz not only 

develops and sells T&M instru-

ments– it also uses them in its 

own labs (picture from 1963).

Contact information:

Customer Support America:

Telephone: 1-888-TESTRSA (1-888-837-8772) selection 2

E-mail: customer.support@rsa.rohde-schwarz.com

Customer Support Asia:

Telephone: +65 65130 488, Fax: +65 68461 090

E-mail: customersupport.asia@rohde-schwarz.com

Customer Support Europe:

Telephone: +49 180 512 4242, Fax: +49 89 4129 63778

E-mail: customersupport@rohde-schwarz.com 

To learn more about the company’s history, visit:

priced R&S ZVL vector network analyzer as well as the high-

end model up to 50 GHz with four-port architecture. The 

as reference standards for compliance measurements. Users

from a handheld instrument for mobile use all the way up to

wireless sector, Rohde&Schwarz stands shoulder-to-shoulder

with other pioneers in next-generation wireless, which is al-

ready taking shape with WiMAX and 3GPP LTE. In 2008, the 

company‘s sixth-generation wireless testers appeared on the 

market: The R&S CMW500 embodies decades of combined

know-how.

A success story that is far from over.

Visit http://mwj.hotims.com/16343-126 or use RS# 126 at www.mwjournal.com/info
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Today’s research and development at
Raytheon is focused on RF technologies and
subsystems that improve the performance and
capability of current and future systems and
include:
• Solid-state Active Electronically Scanned
Arrays (AESA)
• High-efficiency power amplifiers
• Directed energy technologies
• Semiconductors, including CMOS, SiGe,
InP, GaAs and GaN for higher levels of inte-
gration, higher power and higher speed
• High Density MMICs and TR Modules
• Frequency Agile sources
• Digital receivers and transmitters
• Software Defined Radios
• Higher bandwidth and higher sensitivity
RF components
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Persistent surveillance, assuring identifi-
cation and affecting the threat all sound
like military terms in the protection of

the free world. They are, of course, but they
equally apply to other phenomena that affect
the quality of life. The future pull and push of
RF technology will continue to provide our
military with unprecedented capabilities as
well as provide opportunities for new com-
merce. The government pull comes from the
DOD, DHS, DOC (NOAA & FAA) and DOT.
What are some of the pulls? We need systems
that can observe the world around us, look
closer and farther away, find smaller and hid-
den objects, some that move fast, and others
that move slow. Persistent surveillance, assur-
ing identification and affecting the threat are
applicable in military operations and home-
land security and for terrorists and severe
weather. What are some of the RF technology
pushes that are applicable to these pulls?
We’re seeing unprecedented high power RF
devices, more affordable, faster and highly in-
tegrated RF electronics, components that sup-
port higher frequencies and wider frequency
bandwidths, and man-made materials with RF
properties not realized previously, just to
name a few. We’ve come a long way from the
first transistor radio.

LOOKING AHEAD: 
THE FUTURE OF RF
TECHNOLOGY, MILITARY
AND HOMELAND
PERSPECTIVES
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• Radar stealth coatings and materi-
als
• Micro Electro Mechanical Struc-
tures (MEMS) RF Switches
• Ka-band frequencies for higher
resolution and pointing accuracy
• Integrating multiple beams and si-
multaneous modes into multi-func-
tion systems
• Space-time, adaptive processing
(STAP) and jammer-nulling tech-
niques
• Netted Communications across
platforms

The following sections first discuss
some of the key RF technology push-
es and finish with some of the novel

pulls that solve criti-
cal needs for our
nation. It is clear
that RF technology
will continue to play
a critical role in pro-
viding our military
and homeland the
best, most afford-
able and reliable ca-
pabilities for the
next 50 years and
beyond.

THE NEXT GENERATION OF
ACTIVE ELECTRONICALLY
SCANNED ARRAYS (AESA):
WIDEBAND, MULTI-FUNCTION
AND DIGITAL RF

How can a platform obtain more
functionality given the limitations in
size, weight and cost? The military
began investing in architectures and
technologies several years ago to im-
prove and streamline the prolifera-
tion of aperture systems on airplanes
and ships. Many platforms need to
support radar, communications and
electronic warfare functions. Plat-
forms regularly have to trade off ca-
pabilities and cost because there isn’t
room for everything that’s desired.
The challenge is to develop architec-
tures and technologies that may one
day realize a concept whereby each
platform would possess a minimal set
of apertures that can be dynamically
reconfigurable—in real time—to per-
form radar, communications and
electronic warfare tasks independent-
ly and simultaneously, using only soft-
ware. There are several key technolo-

gies that need to be invented and
developed before wideband multi-
function systems can be realized.
Highly linear amplifiers, tunable
channelizers, wideband apertures,
high speed analog and digital con-
verters, digital beamforming, and ef-
ficient dense packaging are just some
of the challenges going forward.

THE NEXT GENERATION OF
MICROWAVE SOLID-STATE 
RF DEVICE AND MMIC
TECHNOLOGY

New advanced-device technolo-
gies will also play role in future
AESAs. Maturation of gallium nitride
(GaN) and silicon germanium (SiGe)
semiconductor technologies show ex-
cellent promise. GaN is focused on
achieving an order of magnitude in-
crease in amplifier power density for
the same MMIC area. SiGe is a pre-
dominant commercial semiconductor
for the telecom industry.

GaN transistors have a high fre-
quency power handling capability
well beyond silicon, GaAs or any oth-
er semiconductor yet fabricated. This
capability makes it the technology of
choice for the monolithic MMIC
power amplifiers that are the building
blocks of the RF portions of next-
generation defense systems. Use of
GaN MMICs leads to weight, range,
sensitivity, prime power, cooling and
cost advantages at the system level.
GaN’s material properties allow it to
support device operation at much
higher voltages than the GaAs that
dominates today’s defense systems.
GaN MMICs easily operate at 28 V,
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TABLE I
GaN vs. GaAs COMPARISON

Parameter GaAs GaN

Output power density (W/mm) 0.5 to 1.5 3 to 6

Operating (V) 5 to 20 28 to 48

Breakdown voltage (V) 20 to 40 > 100

Maximum current (A/mm) ~ 0.5 ~ 1

Thermal conductivity (W/m-K) 47 390(z)/490 (SiC)

▲ Fig. 1  100 mm GaN wafer.

CROSS-SECTION VIEW
OF E-FIELD VECTOR

E

L= λ/4

TRANSMISSIO
N LINE GUIDING QUASI-T

EM WAVE

P

t d

▲ Fig. 2  Artificial dielectric and on-chip
λ/4 resonator.

TABLE II
VCO PERFORMANCE COMPARISON

Die
Reference Process f0 VDD PDC PN@1MHz FOM Area(GHz) (V) (mW) (dBc/Hz) (mm2)

This work 90 nm CMOS 60 1 1.9 –107 –200 0.015

J. Kim1

MTT-S 2003 InGaP/GaAs HBT 60 3.5 158 –93 –167 0.78

B.A. Floyd2

RFIC 2004 SiGe HBT 67 3 25 –98 –181 —

Y. Cho3

RFIC 2005 0.18 μm CMOS 53 2.1 27 –97 –177 0.20

R. Liu4

ISSCC 2004 0.25 μm CMOS 63 1.8 119 –85 –160 0.32

P. Huang5

ISSCC 2005 0.13 μm CMOS 57 1.2 8.4 –70 –136 0.20
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have ~2 times the maximum channel
current and can produce five to 10
times the power (with comparable
gain and efficiency) of an equivalently
sized GaAs MMIC typically operating
at less than 10 V. So-called high volt-
age GaAs PHEMT MMICs can be
engineered to operate at higher volt-
age (10 to 20 V) but at the expense of

operating current, limiting power
density to 1.5 to 2 times that of a typi-
cal GaAs PHEMT. Amplifiers of
equivalent total power can be made
more compactly using GaN because
of the higher GaN power density. In
addition, the higher voltage of GaN
results in higher matching imped-
ance, which enables broader band-

width design than GaAs. Table 1
compares GaAs and GaN device
properties. In terms of reliability,
tests predict a mean time to failure
(MTTF) of greater than one million
hours at a standard transistor channel
temperature of 150 degrees Celsius.

Raytheon is presently transitioning
the fabrication of GaN MMICs into its
high-volume 100 mm diameter wafer
production fabrication (see Figure 1).
GaN is a disruptive high-power semi-
conductor technology that will enable
a new class of microwave and millime-
ter-wave RF systems envisioned for
the near future and beyond.

UCLA, working on a Raytheon
university grant, has developed an ar-
tificial dielectric structure for use in
SiGe BiCMOS integrated circuits at
military frequencies. Two major chal-
lenges in CMOS millimeter-wave IC
designs include: (1) device noise,
which is typically one or two orders
higher than that of compound or
SiGe HBTs; and (2) signal attenua-
tion due to the skin effect and sub-
strate losses, which inevitably result
in low performance on-chip lumped
passive components. An artificial di-
electric is formed by embedding met-
al obstacles in a periodic pattern, as
shown in the upper part of Figure 2.
A 60 GHz VCO was designed and im-
plemented in a 90 nm CMOS to veri-
fy the effects of the embedded artifi-
cial dielectric on resonator size, loss
and noise reduction. Compared to
resonators without artificial di-
electrics or those using conventional
spiral inductors at this frequency, a
much lower loss resonator can be ac-
complished. A 60 GHz CMOS VCO
with a measured phase noise of –107
dBc/Hz and a record low F.O.M. of
–200 dBc/Hz at 1 MHz frequency
offset has been realized. This VCO
dissipates only 1.9 mW from a 1 V
power supply and occupies a chip
area of 0.015 mm2, which is less than
10 percent of the prior arts (see
Table 2).

Raytheon supports the Caltech
Microelectronics Center in the re-
search of silicon circuits for mi-
crowave and millimeter-wave applica-
tions. Professor Ali Hajimiri and his
staff are developing novel approaches
that leverage the strengths of silicon
while supporting mixed signals to
provide more affordable solutions for
sensor applications.
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▲ Fig. 3a  Block diagram of a 60 GHz phased-array front-end.
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A 60 GHz RF-combined 4-ele-
ment phased array front-end is im-
plemented in silicon using a novel hy-
brid parallel/series-fed approach that
reduces on-chip phase shifter re-
quirements. The array, which in-
cludes amplitude control as well as
continuous phase adjustment, pro-
vides for simultaneous illumination of
two angles of incidence. We combine
the series-fed and parallel-fed array
architectures to further relax the RF
phase-shifter requirements to enable
RF signal-combining. As shown in
the simplified block-diagram of Fig-
ure 3a, discrete phase shifters (DP)
in every element choose one of two
phase-shift settings (e.g., 0° or 180°
in Element 2). The signals are then
fed into bidirectional series phase
shifters, each of which provides a cer-
tain amount of phase shift. The im-
portant point is that the signals on the
series phase shifters travel in both di-
rections, yielding the following signal
summations at the two outputs pro-
viding for two concurrent receive
beams. The input to each element is
first amplified by a four-stage 60 GHz
LNA that has variable gain to com-
pensate for downstream gain varia-
tion. The fourth stage of each LNA

provides variable
gain by current
steering. The out-
put of the LNA is
provided to a DP
that can choose be-
tween two phase-
shift settings. The
front-end has a
noise figure lower
than 6.9 dB at 60
GHz and the array
achieves full spatial
coverage with bet-
ter than 20 dB
peak-to-null ratio.
The four-element
60 GHz front-end

consumes 270 mW and occupies 4.6
mm2 of die area. Figure 3b shows a
die photo of the array, which was im-
plemented in a SiGe process with a
BJT cut-off frequency of 200 GHz.

DENSE LOW POWER 
RADAR NETWORKS

Today’s weather forecasting and
warning infrastructure uses data
from high-power radars that have
helped meteorologists improve fore-
casts significantly in the past 20-plus
years.

Despite having substantial capabil-
ity to measure wind and rainfall and
to diagnose storms, these long-range
radars have limited ability to observe
the lowest and most critical part of
the atmosphere owing to the Earth’s
curvature. This prevents the radars
from observing the behavior of torna-
does and other hazards at or near
ground level. As a result, one in five
tornadoes goes undetected by current
technology, and 80 percent of all tor-
nado warnings turn out to be false
alarms. Raytheon, in partnership with
a team of academic, government and
industrial collaborators, has formed a
National Science Foundation Engi-

COMMEMORATIVE FEATURE
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▲ Fig. 3b  Die photograph of 60 GHz phased-array receiver 
front-end.

▲ Fig. 4a  128 T/R channel panel arrays,
radiator side.

▲ Fig. 4b  128 T/R channel panel arrays,
active components side.
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neering Research Center (ERC)
called the Center for Collaborative
Adaptive Sensing of the Atmosphere
(CASA) to address this problem.
CASA is researching a new weather
hazard forecasting and warning tech-
nology based on a low-cost, dense
networks of radars that operate at
short range, communicate with one
another, and adjust their sensing
strategies in direct response to the
evolving weather and to changing
end-user needs. In contrast to today’s
large weather radars with 10-meter-
diameter antennas, the antennas in
CASA networks are expected to be
one meter in diameter with electron-
ics that are about the size of a person-
al computer. This small size allows
these radars to be placed on existing
cellular towers and rooftops, enabling
them to comprehensively map dam-
aging winds and heavy rainfall from
the top of storms down to the critical
boundary layer region beneath the
view of current technology. This ap-
proach can achieve breakthrough im-
provements in resolution and update
times, leading to significant reduc-
tions in tornado false alarms; quanti-
tative precipitation estimation for
more accurate flood prediction; fine-
scale wind field imaging; and the esti-
mation of thermodynamic state vari-
ables for use in short-term numerical
forecasting and other applications
such as airborne hazard dispersion
forecasting. Cost, maintenance and
reliability issues, as well as aesthetics,
motivate the use of small (approxi-
mately one-meter diameter, two-de-
gree beamwidth) antennas that could
be installed on either low-cost towers
or existing infrastructure elements
(such as rooftops or cellular commu-
nication towers).

AESA arrays are
a key enabling tech-
nology in many pro-
duction radars to-
day and a desirable
technology for use
in dense networks
since they do not
require mainte-
nance of moving
parts and they per-
mit flexibility in
beam steering. A
particular challenge
in realizing cost-ef-
fective dense net-

works composed of thousands of
radars will be to achieve a design that
can be volume-manufactured for ap-
proximately $10,000 per array (cur-
rent dollars). Several thousand trans-
mit/receive (T/R) channels are need-
ed to realize a phased array capable
of electronically steering a two-de-
gree beam in two dimensions over
the desired scan range of these
radars. The realization of such an an-
tenna will benefit from leveraging
commodity silicon RF semiconduc-
tors to achieve T/R functions, in com-
bination with very low-cost packag-
ing, fabrication and assembly tech-
niques. Prototypes of the sub-panels
are shown in Figure 4a (front view)
and Figure 4b (rear view).

BEYOND THE 
MICROWAVE OVEN

As the pioneer and inventor of the
microwave oven, Raytheon has lever-
aged high power RF confined in
metallic boxes (or resonant cavities)
to defrost, cook, cure adhesives, etc.
Now and in the future, high power
RF energy may be harnessed to pro-
tect airports and stop intruders in
their tracks without killing them. Two
particular systems being examined
are called Vigilant Eagle and Silent
Guardian.

VIGILANT EAGLE
Vigilant Eagle provides an invisi-

ble dome of protection around air-
ports or airfields, offering all air-
craft—international and domestic
commercial flights, as well as mili-
tary and private planes—protection
from terrorist surface-to-air missiles
including the Man-Portable Air De-
fense System (MANPADS). Vigilant
Eagle had already been proven

COMMEMORATIVE FEATURE
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against real missiles in field tests. In
2006, Raytheon was awarded a $4.1
M DHS contract to demonstrate the
suitability of the Vigilant Eagle air-
port protection system to function in
a civilian environment and its ability
to protect aircraft from the threat of
shoulder-fired missiles. Vigilant Ea-
gle uses a simple technique of illu-
minating the missile body with elec-
tromagnetic energy tailored to divert
the missile (see Figure 5). It aims a
focused, precisely steered beam of
electromagnetic energy at a terror-
ist’s missile, diverting the threat
away from the targeted aircraft. Vigi-
lant Eagle would be installed at air-
ports, rather than on individual air-
craft. The system includes a distrib-
uted missile detect and track
subsystem (MDT), a command and
control (C2) system and the Active
Electronically Scanned Array
(AESA), which consists of a bill-
board-size array of highly efficient
antennae linked to solid-state RF
amplifiers. The electromagnetic
waveforms disrupt the missile and
deflect it away from the aircraft.
Created electromagnetic fields are
well within the Occupational Safety
and Health Administration (OSHA)
standards for personnel exposure
limits.

SILENT GUARDIAN
Another new applicat ion of

mil i tary-proven technology is
Raytheon’s directed-energy protec-
tion system called Silent Guardian
that employs millimeter-wave ener-
gy to stop, delay, deter and turn
back violent aggressors.  Si lent
Guardian can be utilized from up to
250 meters away against would-be
attackers, while enabling the opera-

tor to distinguish friend from foe in
real-time without having to use
lethal force. Potential applications
include facility and critical asset
protection, riot control, home and
perimeter security, and counter-ter-
rorism. The system emits a focused
beam of millimeter-wave energy to
repel individuals without causing
any physical damage. The beam
heats the water molecules around
the skin’s pain and heat receptors
(located 1/64 of an inch under the
skin), creating a burning sensation
intended to get the aggressors’ at-
tention and repel them (see Figure
6). There are legislative and policy
questions that must be answered
before DHS is able to implement
this technology.

CONCLUSION
The passions of invention and

pushing performance, plus the capa-
bility and affordability needs of the
government agencies will mold the
next 50 years of RF technology. We
can expect to see the maturation of
emerging RF technologies paired
with our digital, mixed signal and sys-
tems cousins that will continue to
provide an exciting portfolio of di-
verse products and capabilities for
our government customers.  ■
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▲ Fig. 6  Silent Guardian emits a focused beam that heats the water molecules around the
skin’s pain and heat receptors, creating a burning sensation intended to get the aggressor’s
attention and repel them.
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Communication Element (NCE), which includes the
UHF Crosslink and Tracking Telemetry and Command
(TT&C) subsystems.

Harris Corp., an interna-
tional communications

and information technology
company, has been award-
ed a potential five-year, 
$85 M indefinite delivery/
indefinite quantity (IDIQ)
contract from the US Navy
for multiband satellite
communications terminals
that will provide advanced

communications for aircraft carriers and other large deck
ships. Under the IDIQ contract, the company received an
initial award valued at $15 M. Harris will supply 2.7-
meter satellite communications terminals with C- and Ku-
band capabilities for the Navy’s Commercial Broadband
Satellite Program (CBSP) Force Level Variant. The high-
er bandwidth capacity of these terminals will enable the
Navy to augment military satellite communications by
supporting essential mission requirements and by provid-
ing high-speed Internet access for as many as 5000 mili-
tary personnel onboard each aircraft carrier. The new ter-
minals will replace existing Harris AN/WSC-8 terminals
that have provided shipboard C-band communications for
the Navy for more than 10 years. “This contract reflects
Harris Corp.’s ongoing commitment to providing the US
military with the most advanced communications technol-
ogy available, and puts us at the forefront of providing
cutting-edge, multiband SATCOM terminal solutions for
the US Navy,” said Wes Cowell, president of Harris De-
fense Programs. “As the leading wideband communica-
tions provider to the Navy, Harris is proud to have been
selected to provide this new generation of shipboard com-
munications capability.”

R aytheon Co. has been
awarded a US Air

Force contract to continue
evolving a system for shar-
ing of near real-time, ac-
tionable intelligence infor-
mation among warfighters.
Known as the Distributed
Common Ground System
(DCGS) Integration Back-
bone (DIB), the next gen-

eration DIB—DIB1.3—will address standard compliance,
baseline convergence, enterprise interoperability and
unique US Air Force, Army and Navy requirements. The
Web-based DIB is an open service-oriented architecture
through which military analysts and the intelligence com-
munities can collaborate globally, regardless of their mili-
tary service affiliation, thereby enabling joint interoper-
ability. Raytheon first developed the DIB under the

Raytheon Awarded

US Air Force

Contract for DCGS

Architecture

Harris Corp.

Awarded Contract

for US Navy

Commercial

Broadband Satellite

The US Air Force an-
nounced that a team

led by Lockheed Martin
has won the competition
to build the next genera-
tion Global Positioning
System (GPS) Space Sys-
tem Program, known as
GPS III. This program will
improve position, naviga-
tion and timing services

for the warfighter and civilian users worldwide, and pro-
vide advanced anti-jam capabilities yielding superior sys-
tem security, accuracy and reliability. “Lockheed is
proud to serve as the Air Force’s partner on this critical
national program,” said Joanne Maguire, executive vice
president of Lockheed Martin Space Systems Co. “Our
low-risk, back-to-basic solution is based on the team’s
outstanding record of success in developing and evolving
navigation satellites and we look forward to building a
next-generation system that will deliver enhanced per-
formance for military and civilian users around the
globe.” Under the $1.4 B development and production
contract awarded by the secretary of the Air Force,
Michael Wynne, and the Global Positioning System
Wing, Space and Missile System Center, Los Angeles Air
Force Base, CA, the team of Lockheed Martin Space
Systems Co., ITT Corp. and General Dynamics will pro-
duce eight GPS IIIA satellites, with first launch project-
ed for 2014. The development contract will result in ap-
proximately 500 new jobs for Lockheed Martin. Eight
GPS IIIB and 16 GPS IIIC satellites are planned for lat-
er increments, including additional capabilities based on
technical maturity. When fully deployed, the GPS III
constellation will feature a cross-linked command and
control architecture, allowing the entire GPS constella-
tion to be updated simultaneously from a single ground
station. Additionally, a new spot beam capability for en-
hanced military (M-Code) coverage and increased resis-
tance to hostile jamming will be incorporated. These en-
hancements will contribute to improve accuracy and as-
sured availability for military and civil ian users
worldwide. As the program’s Space System prime con-
tractor, Lockheed Martin is leveraging its proven record
of providing progressively advanced spacecraft for the
current GPS constellation. The team designed and built
21 GPS IIR satellites for the Air Force and subsequently
modernized eight of those spacecraft, designated GPS
IIR-M, to enhance operations and navigation signal per-
formance. For GPS III, Lockheed Martin’s program
management and spacecraft development effort will oc-
cur at its facility in Newtown, PA, with final assembly, in-
tegration and tests located in Denver, CO. The compa-
ny’s Sunnyvale, CA, operations will provide various
spacecraft components and a launch support team will
be based at Cape Canaveral, FL. Lockheed Martin’s
flight-proven A2100 bus will serve as the GPS III space-
craft platform. ITT, Clifton, NJ, will provide the naviga-
tion payload, and General Dynamics Advanced Informa-
tion Systems, Gilbert, AZ, will provide the Network

US Air Force Awards

Lockheed Martin

Contract to Build

GPS III
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Coupling
(dB) P/N

Freq.
 Range
(MHz)

Ins.
Loss

dB max.

30 ± 1
50 ± 1
50 ± 1
30 ± 1
40 ± 1
50 ± 1
30 ± 1
40 ± 1
50 ± 1

2-32
2-32

0.5-50
0.5-100
0.5-100
20-200
20-400

100-500
500-1000

1.10:1
1.10:1
1.10:1
1.15:1
1.15:1
1.15:1
1.15:1
1.15:1
1.15:1

C30-104-481/2*
C50-101-481/1N
C50-100-481/1N
C30-102-481/2*
C40-103-481/2*
C50-108-481/4N
C30-107-481/3*
C40-105-481/4N
C50-106-481/4N

Directivity greater than 20 dB
*  Available in SMA and N Connectors

Directional Couplers

Outline 450/1N

0.10
0.06
0.10
0.30
0.20
0.20
0.30
0.20
0.20

VSWR
In/Out
max.

Input
Power
max.

Dual High Power

100w
2500w
2000w

200w
200w
500w

50w
500w
500w

Isolation
(dB) P/N

Insertion
Loss

dB max.

25
18
20
25
20
20

20
25
20
20

High Power Combiners

0.3
0.5
0.4
0.5
0.3
0.3

0.6
1.2
1.5
1.5

Total Input
Power
max.

25 to 400 Watt Input
VSWR
max.

1.20:1
1.40:1
1.30:1
1.20:1
1.30:1
1.30:1

1.30:1
1.40:1
1.50:1
1.50:1

Freq.
 Range
(MHz)

800-1000
800-2200

1700-2200
10-250
250-500
500-1000

20-400
100-700
30-1100
5-1500

PPS2-12-450/1N
PPS2-10-450/1N
PPS2-11-450/1N
PP2-13-450/50N
PPS2-16-450/20N
PPS2-15-450/20N

PP4-50-452/2N
P4-P06-440
P4-P09-440
P4-P10-440

100w
100w
100w
200w
100w
100w

400w
25w
25w
25w

2-Way

4-Way

*  Available in SMA and N Connectors

Outline 452/2N Outline 481/4NOutline 481/2S

DCGS 10.2 contract for the Air Force and has supported
the integration of the software into existing and emerging
systems for the Army and Navy. Raytheon developed the
DIB roadmap process to logically add enhancements to
the DIB product. The roadmap provides a plan for regu-
lar enhancement cycles of commercial technologies and
standards to enable new features and services in the user
community in a rapid and cost-effective approach.
Raytheon will work closely with the government’s DIB
Management Office to incorporate the latest inputs from
the user community to make it easier and faster to join
the enterprise and share information.

NASA has a new space-
craft operating on the

surface of Mars. The
Phoenix Mars Lander, built
by Lockheed Martin, navi-
gated a dramatic descent
through the planet’s atmos-
phere, positioning Phoenix
to dig down and touch the
planet’s subsurface ice. On-
board commands fired six

separation nuts and jettisoned the cruise stage of the
spacecraft while it was 635 miles away from the surface.

Lockheed 

Martin-built

Phoenix 

Successfully 

Lands on Mars

That started a series of events that took the spacecraft
through six different configurations and from a speed of
12500 mph to a gentle touchdown on the surface. The data
signal confirming the spacecraft had successfully landed
was received on Earth. Flight operations since launch and
through landing were performed by a tight-knit team in
Pasadena, CA and Denver, CO. Mission management and
navigation were handled by JPL and spacecraft operations
were performed by Lockheed Martin. The joint team
stayed in daily contact with the spacecraft through the
Deep Space Network since launch on August 4, 2007. Af-
ter landing, the spacecraft waited 20 minutes for dust to
settle before it deployed its stereo camera, meteorology
mast, robotic arm bio-barrier bag and, most importantly,
its twin solar arrays. The camera took images of each 6' 10"
solar array, which confirmed both were fully deployed, al-
lowing the spacecraft to generate its own power. It also
took other pictures of a lander’s foot pad and instruments
on the lander’s deck. Those images were returned to Earth
via the Mars Odyssey orbiter. The University of Arizona
leads this first Mars Scout mission from its Lunar and
Planetary Laboratory in Tucson. Most of the scientific
study for the mission will be performed out of the univer-
sity’s Science Operations Center. The NASA mission, val-
ued at $420 M, includes the spacecraft development, sci-
ence instruments, the Delta II launch vehicle, mission op-
erations and science operations.  ■
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nance centre and customer premises equipment to deliver
Internet broadband access when on the move.

The company will also provide its WiMAX engineering
expertise and integration services for the trial, which will
take place in the Phatumthanee province on the outskirts
of Bangkok. This trial has also been designed to test sev-
eral applications that improve the overall welfare of the
community by leveraging advances in telecommunications
technology.

Thiti Nantapatsiri, managing director home/consumer
solution and high speed access, True Corp. PCL., said,
“True’s initiative reflects our position as Thailand’s con-
vergence solutions leader. We plan to offer our customers
the advantages of WiMAX-based technologies that allow
for seamless and uninterrupted nomadic connection to
advanced services for customers in the remote areas of
Thailand while on-the-go using WiMAX-enabled devices.
With more than 12.5 million mobile subscribers and
570,000 wireline broadband customers under the True
Group, we hope to further propel the concept of today’s
convergence lifestyle with the addition of WiMAX broad-
band services.”

VTT Technical Research
Centre of Finland and

Ciba have signed a medi-
um to long-term coopera-
tion agreement in the field
of printed intelligence. The
agreement accelerates both
companies’ current re-
search collaboration in
printed organic electronics,
established in early 2007,

and expands it to new printable functionalities in high-vol-
ume packaging and diagnostics applications. 

The aim of the partnership is to develop new commer-
cial products and solutions based on emerging printing
technologies. The cooperation involves product develop-
ment, mutual IPR licensing and other joint technology
commercialization efforts. The first jointly developed
products and solutions are to be launched in the next few
years.

Ciba Inc.’s interest is to combine its expertise in mate-
rials design and manufacturing with VTT’s expertise in ad-
vanced printing techniques. One of the techniques is roll-
to-roll printing that accesses the mass-produced function-
al devices, including solar cells, holograms, organic light
emitting devices for signage, sensors and photo diodes.
VTT will carry out its work on behalf of the collaboration
at its Centre for Printed Intelligence.

The Ciba-VTT research cooperation benefits from the
multidisciplinary technology know-how of VTT in print-
ing/converting, chemistry, biochemistry, nanotechnology,
electronics and diagnostics, and from Ciba’s experience
and know-how in specialty chemicals. The collaboration
has been built through a series of successful Tekes (the
Finnish Funding Agency for Technology and Innovation)
and EU FP6 projects.

Ciba and VTT 

Agree 

to Intelligent

Collaboration 

e2v has been awarded a
major contract by the

European Space Agency
(ESA) for the development
of an analogue to digital
converter for next-genera-
tion broadband satellite
payloads. The contract cov-
ers the development of a
high performance, low
power, 10-bits 1.5 Gsps

ADC that will meet the future needs of aerospace indus-
tries. It will be designed to offer superior linearity, flat
spectral response, wide analogue input bandwidth and a
demultiplexed output, all within a total power budget of
around 1 W. 

Digital processing in satellite payloads optimises the
use of expensive and scarce frequency spectrum. This
maximises operational flexibility and provides the oppor-
tunity to broaden satellite system functionality to include,
for example, high-speed multimedia Internet, cellular
telephone and HDTV services. Satellite manufacturers
need to secure state-of-the-art electronic component
technologies to make this possible and e2v’s new ADC
will be a key enabling component in this regard. 

The ADC to be designed under this contract will bene-
fit from e2v’s design expertise and the European high
speed bipolar SiGe technology used to deliver key advan-
tages to the aerospace market including high performance
and low power consumption. The ADC will achieve a
high, spurious free, dynamic range and a technology lead-
ing gain flatness over the useful bandwidth, combined
with a power consumption that is claimed to offer a factor
of three saving when compared to existing devices. The
device will also be radiation hardened to ensure operation
under extreme conditions. 

Commenting on the contract win, Thierry Gouvernel,
e2v’s business unit general manager, said, “ESA’s award of
this strategic development contract is a great recognition
of our successful track record in complex and leading
edge projects.” He added, “This win underscores 15 years
of work supporting the aerospace marketplace, and other
demanding industries, with state-of-the-art data convert-
ers.”

Alcatel-Lucent has an-
nounced plans to con-

duct a trial of wireless
broadband services using
WiMAX Rev-e technology
with True Corp., Thailand’s
only fully integrated tele-
communications provider
and leader in convergence
lifestyle. For the trial Alca-
tel-Lucent will provide

True Corp. with a comprehensive WiMAX solution that
operates on the 2.5 GHz frequency band, including base
stations, wireless access controller, operation and mainte-

WiMAX Trial 

for Alcatel-Lucent

in Thailand

e2v Wins ESA

Satellite

Communications

Contract
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Meet the newWaveCor SLO
Don’t let the name fool you. It’s fast. It’s really, really fast.

The WaveCor™ SLO (Synthesized Local Oscillator) is 1,000 times faster than

YIG-based synthesizers, and it’s comparably priced. Affordable, compact,

and digital—it’s ready and waiting for you now at ITT.

978-441-0200 • www.ittmicrowave.com

Frequency range: 50 MHz - 20 GHz

Switching speed: 10 μS

Tuning resolution: 1 kHz

Package size: 6.0˝ x 6.0˝ x 2.75˝

V incotech has been an-
nounced as a new

name in the world of power
and navigation electronics,
but it holds a long and suc-
cessful tradition. Originat-
ing from the former Elec-
tronic Modules division of
Tyco Electronics, Vin-
cotech is now a stand-alone
company focussing on

telematics applications, industrial drives and solar power
generation.

In 2007, when Tyco International split into three sepa-
rate legal entities, one of them being Tyco Electronics,
the decision was taken to divest the Power Systems busi-
ness unit to the Gores Group. This business unit included
the Electronic Modules division that has now become
Vincotech and which can boast more than 10 years of suc-
cessful operation. 

This internationally expanding company is headquar-
tered in Munich, Germany, and has production sites in
Bicske, Hungary as well as in Shenzhen, China, with sales
offices worldwide. With a current turnover of about 
$100 M the company employs approximately 600 people
globally.

Vincotech:

A New Name 

with Established

Credentials

Thales Alenia Space has
signed a contract with

Nilesat, the Egyptian satel-
lite company, to provide the
Nilesat-201 broadcasting
communication satellite and
associated services and
ground stations. As prime
contractor, the company
will be in charge of the de-
sign, manufacturing, test

and in-orbit acceptance of the satellite. In addition, Thales
Alenia Space will provide a satellite and mission control sys-
tem for the Nilesat stations in both Cairo and Alexandria. 

Based on a Spacebus 4000B2 platform, Nilesat-201 will
carry Ku- and Ka-band transponders—24 BSS Ku-band
transponders over North Africa and the Middle East, plus
4 Ka-band channels over North Africa and the Gulf re-
gion. With a lifetime of more than 15 years, the satellite
will have a launch mass of 3.2 tons and will deliver 5.7 kW
of payload power end of life. 

Reynald Seznec, president and CEO of Thales Alenia
Space, commented, “As provider of Nilesat’s first two satellite
payloads, we are delighted that Nilesat reiterates its confi-
dence in our company with this satellite contract. This order
highlights the dynamic demand for 3-ton class satellites.”  ■

Thales Alenia Space

Wins Egyptian

Satellite Contract

Visit http://mwj.hotims.com/16343-62
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basic data devices for connecting a desk or laptop com-
puter to a network. All certified products, while mo-
bile, are only for Wave 1. Wave 1 802.16e mainly ad-
dresses the South Korean market. It does not support
MIMO or other features to be found in Wave 2 certifi-
cation. Most mobile WiMAX networks, such as Sprint’s,
will deploy Wave 2 equipment. The overall market for
Wave 1 certified equipment will be limited. However,
that does not diminish the significance of finally reach-
ing this certification. “As many equipment vendors
have explained to me over the last year,” said Daryl
Schoolar, senior analyst at In-Stat, “while they have no
interest in attaining Wave 1 certification, it was impor-
tant to them as Wave 1 was a stepping stone to Wave
2.” Lessons learned with Wave 1 can be applied to
Wave 2. It also has significance as it shows progress on
the part of the WiMAX Forum in sheparding the tech-
nology. Sheparding the market to Wave 2 will be espe-
cially important as a high-profile deployment by Sprint
comes on line. The Forum has publicly stated expecta-
tions to certify over 100 802.16e devices by end of the
year.

Honeywell announced
the availability of its

Honeywell In-flight Mes-
saging Service accessible
via Wi-Fi® enabled Black-
Berry® smartphones from
Research in Motion
through Honeywell’s
OneLink™ satellite com-
munications services.

The Honeywell  In-
flight Messaging Service can configure Swift64 or
SwiftBroadband SATCOM and router equipment to
enable customers with Wi-Fi enabled BlackBerry
smartphones to send and receive e-mail while onboard
business jet aircraft. This service provides the most ef-
ficient use of existing Inmarsat satellite capabilities to
enable BlackBerry e-mail and PC-based Internet appli-
cations while in-flight. The Honeywell In-flight Mes-
saging Service provides continuous, uninterrupted al-
ways-on access to e-mail while on the ground and from
take-off to landing for Wi-Fi enabled BlackBerry
smartphones. Honeywell can configure systems for
general access to all passengers or for secure access by
designated passengers. 

“This new Honeywell In-flight Messaging Service ca-
pability, coupled with satellite technology, is a tremen-
dous advancement in improving cabin communications
utilization and efficiency in all phases of aircraft opera-
tion,” said Rob Wilson, president, Honeywell Business
and General Aviation. “This is the number one commu-
nication service that Honeywell customers have asked
for, and we are able to deliver this enhanced capability
that supports BlackBerry smartphones, plus regular 
PC Internet traffic in a very efficient and cost-effective
manner.”

Honeywell

Introduces In-flight

E-mail Wi-Fi

Enabled BlackBerry

Smartphones

Members of the Blue-
tooth Special Interest

Group (SIG) announced
the development of Blue-
tooth over 802.11, giving
Bluetooth a boost in data
rate transfer and helping to
quench consumer demand
for added speed. Conse-
quently, the Ultra-wide-
band (UWB) market wor-

ries that this announcement may slow down or even sus-
pend its relationship with Bluetooth; however, ABI
Research does not believe this will be the case. Mike Fo-
ley, executive director of the Bluetooth SIG, stated, “We
are taking classic Bluetooth connections—using Bluetooth
protocols, profiles, security and other architectural ele-
ments—and allowing it to jump on top of the already pre-
sent 802.11 radio, when necessary, to send bulky enter-
tainment data faster. When the speed of 802.11 is overkill,
the connection returns to normal operation on a Blue-
tooth radio for optimal power management and perfor-
mance.”

So where does this leave UWB?
“The Bluetooth SIG announcement will not have an

impact on the timing of the UWB market,” says ABI Re-
search senior analyst Douglas McEuen. “UWB remains
set to be delivered as a viable radio to wireless handsets
during the 2009/2010 time frame.” Moreover, the utiliza-
tion of 802.11 is meant to fill a short-term role to the ex-
tent that UWB is being developed further, with UWB ex-
pected to be quite common in the future. Additionally, a
combined Bluetooth/UWB WiMedia radio effectively
opens the door to companies like Alereon, Wisair and
WiQuest for entry into the Bluetooth market. The inclu-
sion of 802.11 inside the realm of Bluetooth can only at-
tract more customers, thereby setting the stage for UWB’s
implementation to attain its full potential in the coming
years.

“Ultra-wideband Connectivity” analyzes critical UWB
market conditions—from drivers and obstacles, to global
regulations and standards. Key market semiconductor
vendors are profiled, and the study concludes with an in-
depth market forecast that traces both positive and nega-
tive market forces numerically.

After many months of
delay, there are now

eight officially certified
802.16e, or WiMAX prod-
ucts. The WiMAX Forum
made this announcement
at  i ts  WiMAX Forum
Congress in Singapore.
Samsung, Sequans Com-
munications, POSTDATA
and Runcom Technologies

all gained certification for a subscriber device and a
base station. All four certified subscriber devices are

Certification Arrives

for Mobile WiMAX

UWB Questions

Loom as Bluetooth

Announces Use 

of 802.11
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There is a new home
networking industry al-

liance on the block. The
HomeGrid Forum aims to
promote the work of the
International Telecommu-
nication Union’s G.hn
working group in develop-
ing a new triple-wire stan-
dard for home networking.
But many in the industry

have been wondering where a new standard would fit in
an already crowded market. The success of Wi-Fi for con-
sumer-installable networks and the recent momentum for
HomePlug and MoCA in service provider networks raise
the question: why add another specification—as well as an
industry alliance such as HomeGrid—to the mix? Accord-
ing to ABI Research director Michel Wolf, “G.hn—which
has been under development for nearly two years—is in-
tended to create a unifying standard for the different
home network technologies, aimed at distributing next-
generation service-provider offering in the home. We at
ABI Research see several applications, such as multi-
room high-definition video, that would ultimately benefit
from the move towards a single MAC/PHY for multiple
media in the home.”

Where would G.hn fit in the home network? ABI Re-
search sees the infrastructure and technology require-
ments for service provider, whole-home media as unique.
Successful service provider deployments of MoCA and
HomePNA 3.1 in North America and HomePlug and
UPA worldwide, suggest that carrier-oriented media net-
working technologies can assist in rolling out new serv-
ices. The effort to build a higher-speed single specifica-
tion for the three primary in-home wiring types (power
line, coax and phone line) will provide a roadmap for next
generation service provider deployment. “While it is still
early, ABI Research sees promise in the efforts by ITU
G.hn,” says Wolf. “Ultimately, if G.hn sees integration into
carrier devices by 2010, we expect that in 2013 some 42
million G.hn-compliant nodes will ship into the market, in
devices such as set-top boxes, residential gateways and
other service provider CPE hardware.”

A new research brief from ABI Research, “G.hn: Will
Next-generation Triple-wire Networking Standard Hit the
Digital Home Trifecta?,” supplies an update of the various
no-new-wires standards such as HomePlug AV, UPA
MoCA and HomePNA 3.1, and considers how G.hn
might fare as the evolution toward next-generation service
provider entertainment networks gathers speed. It also
examines the HomeGrid Forum and whether it will be a
Wi-Fi alliance-like body that will propel the new standard
in the market place.

ABI Research is a market research firm focused on the
impact of emerging technologies on global consumer and
business markets. Utilizing a blend of market intelligence,
primary research and expert assessment, ABI Research
assists many with its strategic growth initiatives.  ■

New G.hn Home

Networking

Standard Has

Significant Potential 
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■ Orbit, a leader in the development of advanced solu-
tions for mobile SATCOM, tracking antennas and audio
management for commercial and government applica-
tions, announced the delivery of six Marine Stabilized
Satellite systems—the OrSat—to AITelecom. AITele-
com, a Mexican company operating in the field of satellite
communications and ground installations, will provide Or-
bit’s OrSat systems to one of the most recognized suppli-
ers of PEMEX, the Mexican government’s gas and oil
company.

■ XMA Corp. announced its acquisition of the esteemed
Omni Spectra™ brand of microwave components. Since
purchasing the CAT line from M/A-COM in 2003, XMA
has carried on the Omni Spectra tradition by not only pro-
ducing many of its original designs, but also drafting cus-
tomized solutions for use in some of the most advanced
communications, aerospace and military applications to-
day. Now, after years of developing high-performance
Omni Spectra products, XMA has officially trademarked
the brand as part of its strategy to become an industry
leader in passive microwave and RF components. 

■ Z-Communications Inc. announced a new division
named Z-Comm Microwave based in San Jose, CA. The
division is chartered with the development and manufac-
ture of integrated microwave, millimeter-wave assemblies
and highly linear power amplifiers for the RF/microwave
industry. These products are designed to be used in wire-
less transmission systems, WiMAX base stations, licensed
point-to-point and other microwave radio applications.

■ RF Micro Devices (RFMD®) and SELEX GALILEO,
one of Europe’s leading defense electronics suppliers, an-
nounced the two companies have signed a strategic supply
agreement. The strategic supply agreement expands upon
a former agreement signed in 2001 between SELEX
GALILEO and a division of the former Filtronic Com-
pound Semiconductor Ltd., which was acquired by
RFMD earlier this year. The strategic supply agreement
is expected to encompass multiple high performance
semiconductor components. As a result of the supply
agreement, the two companies expect RFMD will in-
creasingly support SELEX GALILEO’s delivery of a
range of current and future state-of-the-art defense elec-
tronics programs. Accordingly, both companies anticipate
the strategic supply agreement to be valued at approxi-
mately $20 M through 2013.

■ Acceleware Corp., a developer of acceleration solu-
tions for high-performance computing applications, in
conjunction with Schmid & Partner Engineering AG
(SPEAG), announced that Korea’s Radio Research Labo-
ratory (RRL) is adopting their combined simulation solu-
tion to conduct the testing and certification of all cellular
handsets in Korea. RRL is mandated to certify all cellular
handsets for the Korean market as well as perform com-
pliance testing and simulations to create national stan-
dards. The Acceleware and SPEAG accelerated simula-
tion solution is currently used by RRL to solve advanced
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AROUND THE CIRCUIT

INDUSTRY NEWS
■ Cobham plc announced that it has reached an agree-
ment to purchase M/A-COM from Tyco Electronics for
a cash consideration of US$425 M on a debt and cash free
basis payable on completion, which will be satisfied from
Cobham’s existing cash and debt facilities. The goodwill
arising on completion is an allowable tax expense with an
estimated net present value of US$45 M, resulting in an
effective price of US$380 M. It is anticipated that in 2008
the aerospace and defense (A&D) business of M/A-COM
will be just under 40 percent of its total revenue. Cobham
intends to hold for resale the commercial business, which
represents the balance, as it is non-core. Based on the en-
couraging level of interest believed to have been ex-
pressed during Tyco Electronics’ auction, Cobham antici-
pates this can be divested expeditiously. The acquisition
of M/A-COM is expected to complete in the second half
of 2008 and is subject only to customary regulatory ap-
proval.

■ Tower Semiconductor Ltd., an independent specialty
wafer foundry, and Jazz Technologies Inc., a leader in
analog-intensive mixed signal (AIMS) foundry solutions,
announced the signing of a definitive agreement by which
Tower will acquire all of the outstanding shares of Jazz in
a stock-for-stock transaction valuing Jazz at a fully diluted
equity value of approximately $40 M, based on Tower’s
closing price on NASDAQ on May 19, 2008. Under the
terms of the agreement, each outstanding share of Jazz
common stock will be converted into the right to receive
1.8 Tower ordinary shares. The total value of the transac-
tion, including net debt, is approximately $169 M.

■ Comtech Telecommunications Corp. and Radyne
Corp. jointly announced the signing of a definitive merg-
er agreement pursuant to which Comtech has agreed to
acquire Radyne in an all-cash transaction. Aggregate sales
of the two companies would have been $651.5 M based
on Comtech’s sales of $504.3 M for its four fiscal quarters
ended January 31, 2008, and Radyne’s sales of $147.2 M
for its four fiscal quarters ended March 31, 2008.

■ TriQuint Semiconductor,® a leading RF semiconduc-
tor manufacturer and foundry services provider, an-
nounced the completion of its acquisition of WJ Commu-
nications Inc. WJ is a leading supplier of RF solutions
for wireless infrastructure. Its devices complement
TriQuint’s existing portfolio, broadening the networks
market product line while adding RF design expertise to
TriQuint’s global facilities through a Silicon Valley (US)
site.

■ Carlson Wireless announced that it recently acquired
the SafeTLink™ point-to-point T1 digital microwave 4.9
GHz radio. The radio operates in the 4.9 GHz public
safety frequency band and transmits a full or fractional T1
signal along with an independent IP data stream. The
SafeTLink will compliment Carlson Wireless’s existing
Trailblazer™ and EB-4.9™ public safety band products.
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Electromagnetic Compliance (EMC), Electromagnetic
Interference (EMI) and Signal Integrity problems to de-
termine the electromagnetic safety of mobile devices for
human exposure.

■ Tektronix Inc., a worldwide provider of test, measure-
ment and monitoring instrumentation, and LitePoint Corp.,
a provider of wireless test system solutions, announced their
collaborative solution to LTE product development. Lite-
Point’s RSALTE software is designed to run on Tektronix
RSA3000A/B and RSA6100A real-time spectrum analyzers,
and offers 3.9G compliance support for designers of UMTS-
Long-Term Evolution (LTE) systems.

■ Finisar Corp., a global technology leader in fiber optic
solutions for high-speed networks, and Technical Com-
munities Inc., a service provider for technical organiza-
tions that sell to US government agencies, military and
prime federal contractors, announced a government serv-
ices partnership agreement. The agreement authorizes
Technical Communities to market Finisar’s Network
Tools products including high-speed serial design and test
equipment, protocol training and testing services to the
government community.

■ Northrop Grumman Corp. recently presented Gold
Supplier awards to 49 companies that routinely demon-
strated excellence in product quality, on-time delivery,
competitive pricing and other value-added services in
2007. SV Microwave is proud to be one of the companies
that received Northrop Grumman Space Technology’s
rigorous Supplier Rating Program, which requires suppli-
ers and subcontractors to participate in an ongoing perfor-
mance assessment. Gold suppliers are selected on the ba-
sis of a scorecard that rates each supplier’s management,
quality, technical, schedule and financial performance.

CONTRACTS
■ Anaren Inc. announced that it has received two con-
tracts totaling $13.7 M in follow-on orders for jamming
and passive ranging subsystems to be deployed in air-
borne applications.

■ Jersey Microwave has been awarded a multi-year $1.6
M dollar contract to supply high performance block con-
verters into a major SATCOM program. The award is only
an initial release that is estimated to have a total potential
of over $4 M. 

FINANCIAL NEWS
■ Ansoft Corp. reports sales of $33.9 M for the fourth
quarter of fiscal 2008 ended April 30, 2008, compared to
$28.6 M for the same period in 2007. On a GAAP basis,
net income was $8.5 M ($0.34/per diluted share), com-
pared to a net income of $7.9 M ($0.30/per diluted share)
for the fourth quarter of last year.

■ Alerion Capital Group, a technology focused private
equity group, and Merit Capital, a mezzanine and equity
provider, have partnered with management to invest in

VXI Technology Inc. (VTI). Irvine, California-based VTI
provides test instruments for a wide variety of industrial,
military and commercial applications. With customer ap-
plications ranging from testing electronic devices to su-
per-structures to launch vehicles, the company has estab-
lished a worldwide reputation for providing high-density,
modular products for functional test and data acquisition.

PERSONNEL
■ Danny Cheadle, Jr., vice president
and general manager of Teledyne
Cougar, passed away on May 15, 2008,
at home in San Jose, CA after a year
and a half struggle with cancer. He is
survived by his wife and three daugh-
ters. Cheadle joined Teledyne through
the acquisition of Cougar Components
in 2005. He started at Cougar Compo-
nents in 1994 and was instrumental in 
the successful transition to Teledyne.

Teledyne Cougar will always remember Cheadle for his
respect for fellow employees, technical knowledge and
warm heart. 

■ Auriga Measurement Systems LLC announced it has
appointed Yusuke Tajima as CTO. Tajima will steer Au-
riga’s technical direction as it focuses on enhancing its po-
sition as an international leader in modeling and measure-
ment of RF, microwave and millimeter-wave technolo-
gies, and the design of sophisticated amplifier-based
solutions requiring high power, high efficiency, high fre-
quency and high linearization. Tajima, a founder of the
company, spent the past four years as director of model-
ing and design. He began his career at Toshiba Central
Lab in Japan then joined Raytheon Research in Massa-
chusetts.

■ LadyBug Technologies LLC recent-
ly announced the appointment of
Scott Conrad as the company’s vice
president of sales and marketing. In his
new position, Conrad will hold respon-
sibility for LadyBug’s overall sales and
marketing strategies worldwide, and
will oversee the company’s direct sales
force, field representatives and distrib-
ution network. Conrad brings over two 
decades of high-technology sales, engi-

neering, sales-management and channel-management ex-
perience to his new position. Prior to joining LadyBug, he
served as senior vice president of sales for wireless-test-
solution provider LitePoint Corp., Sunnyvale, CA. 

■ M2M provider RF Monolithics Inc. (RFM) announced
the election of Farlin A. Halsey to the position of vice
president of product marketing. In this position, Halsey
will direct and expand RFM’s product marketing and its
focus on customer requirements and market trends to im-
prove customer satisfaction, return on investment and
overall brand awareness. Prior to joining RFM, Halsey
was vice president of marketing and most recently vice
president of strategy and alliances for NovAtel Inc., a
leading OEM of precision global navigation satellite sys-
tem (GNSS) components and subsystems. 

▲ Scott Conrad

▲ Danny Cheadle, Jr.
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■ Jeff Baker has joined the Nurad di-
vision of Cobham DES as director of
advanced technology. Baker has over
23 years of experience in the aerospace
and defense industry. He brings a
strong systems engineering and busi-
ness development background, in addi-
tion to being a recognized expert in
aerospace composite structures devel-
opment. Prior to joining Nurad, Baker 
worked on various NASA & National

Security applications and programs with Swales Aero-
space & TRW Spacecraft Division.

■ Ducommun Technologies, a manu-
facturer of RF and microwave prod-
ucts, announced that Rich Crabtree
has joined Ducommun Technologies
as director, business development mi-
crowave products. Crabtree will be re-
sponsible for the sale of Ducommun’s
microwave products. With over 20
year’s industry experience, he brings a
successful background of sales and 
sales management in the avionics, de-

fense and commercial markets with RF and microwave
components and subsystems. Prior to joining Ducommun
Technologies, Crabtree was with Renaissance Electronics
Corp. 

■ Endwave Corp. announced that Chuck Piercy was
named site manager for the company’s El Dorado Hills,
CA facility. Piercy joined Endwave in April of 2007 with
the company’s acquisition of ALC Microwave Inc., a lead-
ing provider of logarithmic amplifiers and other integrated
subsystems to many US and international defense prime
contractors. He also currently serves as a strategic business
manager for Endwave’s Defense and Security business
unit. As a key member of ALC Microwave since 2004,
Piercy contributed as senior design engineer on many of
the integrated subsystems used in early warning radars,
threat detection equipment, electronic countermeasures
and missile guidance systems. Prior to that, Piercy worked
for over a decade at DBS Microwave (which was later ac-
quired by L-3 Communications), where he served as the
product line manufacturing manager. 

■ AMETEK Specialty Metal Products
(SMP) has named Peter Hoctor as re-
gional sales manager for Europe. Hoc-
tor will be responsible for sales and
marketing of AMETEK’s full line of
specialty metal products. He brings ex-
tensive metals industry experience and
a strong background in international
marketing to his new position. Hoctor
has more than 15 years of experience 
in the sales and marketing of specialty

metals. He is currently sales manager, Europe, for Read-
ing Alloys, a global leader in specialty titanium alloys and
highly engineered metal powders acquired by AMETEK

▲ Peter Hoctor

▲ Rich Crabtree

▲ Jeff Baker

Visit http://mwj.hotims.com/16343-77

Visit http://mwj.hotims.com/16343-23
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in April 2008. Hoctor will retain his position with Reading
Alloys as he assumes additional responsibilities for AME-
TEK Specialty Metal Products.

■ Communication Infrastructure
Corp.® announced that Wally Strader
has joined the company as account ex-
ecutive for microwave sales. Based in
Addison, TX, Strader will lead the mi-
crowave sales team in expanding CIC’s
engineering services while overseeing
existing accounts and growing other as-
pects of the business. For nearly 25
years, Strader held various positions at 
NEC Corp., most recently as western

region sales manager responsible for microwave radio
sales and account management, where he helped NEC
substantially increase its presence in the western US,
Canada and the Pacific.

REP APPOINTMENTS
■ ClearComm Technologies LLC announced the ap-
pointment of the Cain-Forlaw Co. headquartered in
Palatine, IL. Cain-Forlaw will cover the central portion of
the US from Illinois to Texas. This group brings a broad
experience and complimentary products to ClearComm.
ClearComm is a leading manufacturer of filters, duplex-
ers, diplexers and RF assemblies covering the frequency
range of 10 MHz to 18 GHz. Contact Cain-Forlaw’s main
office at (847) 202-9898 or on the web at www.cain-
forlaw.com or ClearComm Technologies at (410) 860-
0500, sales@clearcommtech.com.

■ Modelithics Inc. announced the appointment of inter-
national distributors, Ultram Technologies Ltd., as the
corporation’s exclusive representative covering Israel.
Larry Dunleavy, Modelithics’ CEO, and director of 
Ultram, Yossi Yuran, have signed a comprehensive agree-
ment designed to fully support the Israeli market for RF
and microwave simulation models and characterization
services.

■ CAP Wireless Inc., a supplier of high performance
microwave and RF amplifiers and amplifier-based subsys-
tems, announced that in order to provide localized service
and support to customers in the northern California and
northern Nevada regions, the company has signed Com-
ponent Solutions of San Jose, CA, as a manufacturers’
representative. Component Solutions specializes in pro-
viding technical services and support to microwave/RF
and fiber optic customers in the military, communica-
tions, test and measurement, and medical markets.

WEB SITE
■ Hittite Microwave Corp. announced the launch of its
redesigned web site at www.hittite.com. Many exciting
features have been added including crisp new webpage
designs and a dynamic homepage featuring Hittite’s new
products, markets, press releases and featured articles. 

▲ Wally Strader
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the RadLab work would be shared with the
world in a monumental publishing effort known
as the MIT Radiation Laboratory Series of
books. The 28 volumes of this series encapsulat-
ed a huge amount of knowledge generated dur-
ing the war and strongly influenced many areas
of postwar engineering.

RadLab also established a strong institutional
link between government, industry and acade-
mia. With the US government as the sole cus-
tomer for radar systems, companies such as GE,
Westinghouse, Sylvania, Sperry Gyroscope, Mo-
torola, Bell Labs, Hughes Aircraft and Raytheon
would each get into the microwave component
development and manufacturing business. 

After the war, defense spending dropped
dramatically and with little or no civilian use
of radar at the time, the industry all but disap-
peared. Some looked for jobs outside of mi-
crowaves while others pursued niche commer-
cial applications and the few defense contracts
available. Then the Korean War began and the
defense department began substantial funding
of R&D again. 
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DAVID VYE
Microwave Journal Editor

We start this story of the microwave
industry with the invention of the
cavity magnetron in England under

wartime pressures. By 1939, English scientists
had already installed a coastal radar system.
Based on the early success of radar, the British
military now desired radar sets small enough
to fit on ships, airplanes and munitions. To do
so, engineers needed to use much shorter
wavelengths, like those in the microwave re-
gion. And so, English researchers—Boot and
Randall—developed a working cavity mag-
netron, which was able to produce over 400
watts of power at the extremely short wave-
length of 9.8 cm (about four inches). In Sep-
tember of 1940, a British delegation under Sir
Henry Tizard carried a cavity magnetron se-
cretly across the Atlantic and persuaded the
US government to begin large-scale develop-
ment and manufacturing of the device.

The Tizard mission convinced the US gov-
ernment that radar was becoming an important
weapon in the war, which consequently led to
the establishment of the MIT Radiation Lab
(RadLab) to pursue this technology. The work at
the RadLab opened up an extensive new realm
known as microwave engineering. After the war,

A MICROWAVE JOURNEY:
1958–2008, PART I

This history of Microwave Journal as told through the articles that appeared in the magazine over the
past 50 years is also the history of the microwave industry as told by those in the business. This series
will journey through the evolution of our technology over the past five decades as described in the
nearly 600 issues of Microwave Journal. This first part in our series presents the background of the
individuals behind the magazine, the state of the industry in the 1950s and a glimpse at the content
appearing in our earliest editions. Throughout the rest of this year, this series will take a decade by
decade look at our journey and the challenges the microwave business faced over time as documented
on the pages of Microwave Journal.

EXECUTIVE INTERVIEW SERIES

MWJ SPEAKS WITH WILLIAM AND IVAR BAZZY, HORIZON HOUSE PUBLICATIONS.

VISIT WWW.MWJOURNAL.COM TO READ THIS IN-DEPTH INTERVIEW.
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The RadLab experience and ensu-
ing post-war lean times may have been
responsible for producing individuals
who knew microwave technology, were
connected to each other and had
learned the hard rules of business
when the industry went into its post-
war slow down. As government money
returned, a number of these people
became entrepreneurs, leaving larger
organizations or returning from out-
side the industry to launch small start-
up companies specializing in mi-
crowave components for the defense
department and its contractors. Among
this new wave of start-ups between
1948 and the early 1950s were compa-
nies such as MDL, Microwave Associ-
ates, Varian Associates, Narda Mi-
crowave, Microlab and Polarad. 

A PUSH TO PUBLISH 
The microwave community was

growing. Eventually, certain companies
and individual entrepreneurs would
look for new customers by expanding
the technology into different commer-
cial applications. Given the success of
the RadLab series to help with the
rapid advance of the post-war state-of-
the-art, several forward-looking people
came to believe that a new publication
was needed to share information about
the technology and the issues faced by
young businesses. They felt dialogue
within the community would open up
new markets for microwave devices. 

From the ranks of RadLab engi-
neers turned entrepreneur, Theodore

“Ted” Saad would become a leading
advocate for publishing technical in-
formation. Saad witnessed how the
RadLab series had become the foun-
dation of microwave engineering at
the time. By 1958, Ted had gained
some editorial experience with the
IEEE Transactions and was about to
enter into a collaboration that would
lead to Microwave Journal. 

William “Bill” Bazzy learned com-
munications and electronics engineer-
ing while serving in the military in the
1940s. As a young radio and television
broadcast engineer in Boston, he par-
ticipated in the explosive growth of na-
tional broadcast networks, including
intensive working sessions at RCA
Technologies, where new standards
were being developed. The communi-
cations field would represent the first,
big non-defense market for the mi-
crowave industry. Seeing a need for
technology information to serve pro-
fessionals in the broadcasting and com-
munications industries, Bill and his
brother Emil organized a corporation
named Horizon House Inc. to pursue
a publishing venture.

Through Bill’s relationship with
Ted Saad, the decision was made to
publish a trade magazine about mi-
crowave technology. The Bazzy broth-
ers would handle the production of
the magazine and the business of sell-
ing advertising. Bill would be the pub-
lisher and Ted would serve as the
magazine’s first technical editor (see
Figure 1). Together they brought to-

gether a team of en-
gineering colleagues
that would solicit
and review articles
from the communi-
ty at large.

The early writers
for Microwave Jour-
nal would follow in
the footsteps of well-
known Americans
who published pa-

pers to unite their countrymen against
a foreign monarchy. Benjamin
Franklin, John Adams, Thomas Payne
and Thomas Jefferson had successfully
used the power of the press to spread
the concepts of freedom and self-gov-
ernance. Similarly, many of the
Journal’s first contributors had been
brought together by World War II to
fight a foreign threat using science and
engineering. They would now create a
forum dedicated to the free exchange
of ideas pertaining to microwave tech-
nology and business. From their pas-
sion for this field of science and per-
haps driven by post-war optimism and
Cold War patriotism, these men con-
ceived a trade journal and recruited its
staff and early contributors. 

These notable contributors included
industry pioneers such as Seymour
Cohn, Henry Jasik, Ben Lax, Marshall
Pease, Tore Anderson and Gershon
Wheeler (see Figure 2). Personal con-
nections defined the early days of the
microwave industry and the new publi-
cation that would serve it. Microwave
social networks had been formed at
universities such as Harvard, Stanford
and Princeton. Each of these institu-
tions had been busy developing the
fundamental microwave theories need-
ed to support the American govern-
ment’s radar research, but it was Rad-
Lab (see Figure 3) that had brought
most of them together. 

THE MIT RADLAB NETWORK
Saad had worked at RadLab from

August 1942 to December 1945. His
first assignment was under Norman
Ramsey and later Ed Purcell, in
Group 42 studying the low pressure,
high power breakdown of waveguide
components. From there he moved to
Group 53 to work under Jerrold
Zacharias devising microwave compo-
nents that would withstand high alti-
tudes. This project included designing
the layout for components operating
at radio frequencies used in airborne
search and bombing radar heads (i.e.,
the magnetron, mixer and signal pro-
cessing devices). Finally, he trans-
ferred to the beacon group, number
71, where, under Dr. Riekel he helped
develop the wave guide components
for an X-band beacon. This work in-
volved measuring and modifying an-
tenna, designing directional couplers,
inventing an appropriate power meter,
as well as the tests to gauge the effec-
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▲ Fig. 1  Bill Bazzy and Ted Saad.

▲ Fig. 2  The early Microwave Journal editors mentioned above.
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tiveness of radar systems operating at
high altitudes. 

In an interview years after the Rad-
Lab effort (with A. Goldstein – IEEE
History Center, May 1991), Saad said
that “the scientists at RadLab felt at lib-
erty to apply what they had learned to
industry. They took basic designs that
were not patentable, created new tech-
nology, and expanded on some of the
ideas they had developed at RadLab.
This provided the basis for the new mi-

crowave industry after World War II.”
Notable companies included RCA,
Westinghouse, Raytheon, Sperry Gyro-
scope, Western Electric, Microwave
Associates, Airtron, Weinschel and Bell
Laboratories.

“CENTERS OF ACTIVITY”
Over the years immediately follow-

ing the war, Saad would be among
many RadLab employees spreading
their microwave knowledge. These ex-

RadLab people were drawn to the few
companies sprouting up around the
country, often near the universities
that conducted research during the
war. In turn “centers of activity” came
into existence, whereby emerging mi-
crowave companies would be located
in close proximity to each other. 

These pockets of microwave compa-
nies in California, Massachusetts, New
York, Greater Washington and other
hotbeds would lead to the formation of
regional chapters of the IEEE Mi-
crowave Theory and Techniques Soci-
ety (MTT-S) and an annual symposium
that would be held (at least initially) in
host cities nearby a center of mi-
crowave activity. The Professional
Group on Microwave Theory and
Technique (PGMTT) held its first sym-
posium in New York City in 1952. Saad
was one of the organizers and first
chairman of the Boston chapter. He
was also editor of the society’s Transac-
tions publication for two and a half
years. This group would play an impor-
tant role in supporting the industry. Re-
gionalization would yield a widely dis-
bursed, yet tightly knit collection of en-
gineering communities that would also
be Microwave Journal’s audience, ad-
vertisers and source of contributors. 

BOSTON
While various components were

designed by the people at RadLab,
much of the actual machining, solder-
ing and fabrication of hardware was
done on the outside. A number of
companies such as Raytheon (see
Figure 4) and Sylvania were located
nearby in the Boston area, but com-
panies from all over the country were
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▲ Fig. 3  Transporting a microwave dish
through Building 20 corridors at the MIT
Radiation Lab.
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also winning bids and began manu-
facturing products. These companies
would send people to RadLab to
learn and as a result microwave
knowledge would spread among the
contractors. For instance, working
closely with RadLab, Sylvania would
acquire information on microwave
point-contact diodes and Raytheon
would learn about microwave tubes,
klystrons and magnetrons, which they
would in turn commercialize and of-

fer to others working on radar sys-
tems. 

Saad held a number of positions that
provided him with important connec-
tions to the industry. In 1945, he was in
California, still employed by RadLab,
but working with a company called Gil-
fillan. After RadLab he continued work
as a radar engineer with the Submarine
Signal Co., which merged with
Raytheon in 1946. From there he and a
few others including Dr. Henry Riblet

formed a new company (Microwave
Development Labs or MDL) specializ-
ing in microwave waveguide technolo-
gy. Waveguide plumbing would repre-
sent a large segment of the microwave
activity at this time. Later, he worked at
Sylvania Electric Products alongside fu-
ture Associate Editors—Dr. Benjamin
Lax and Marshall Pease. In 1955, he
started a company of his own, called
Sage Laboratories. 

NEW YORK
Spreading microwave theory from

RadLab out to prominent New York
companies would come notably by way
of the Varian brothers (Russell and Sig-
urd) (see Figure 5) and MIT Professor
W.L. Barrow among others. The broth-
ers, along with Stanford Professor W.W.
Hansen, had invented the klystron and
worked together at RadLab during the
war. Later, the Varians would go to
Sperry Gyroscope in Great Neck, NY
and essentially help them build kly-
strons. Hansen worked and lectured at
MIT during the war years and returned
to Stanford afterwards, but beforehand
he would travel weekly from MIT to
Sperry on Long Island with lecture
notes from Julian Schwinger on mi-
crowave theory, measurement tech-
niques and applications to pulsed and
Doppler radar. Meanwhile, Barrow
who had published work in 1936 (the
first paper on microwave technology
presented to the IEEE) on propagating
radio waves in “hollow pipes” would
become a chief scientist and vice presi-
dent at Sperry. 

Saad had worked for Professor Bar-
row while writing his thesis on mi-
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▲ Fig. 4  The Raytheon Spencer
Laboratory Equipment Division in
Burlington, MA, ca. 1959.
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crowaves at MIT. The experience of
working with an innovator in the field
of waveguide would serve Saad and the
other co-founders of MDL well, just as
it would serve Sperry and a variety of
other Long Island microwave compa-
nies jumping into the microwave
plumbing business. As this segment
would grow, Microwave Journal would
enjoy a strong connection to those de-
veloping similar components in this and
other parts of the country. 

CALIFORNIA 
Also working at Sperry Gyroscope

was future Microwave Journal Associ-
ate Editor—Dr. Seymour B. Cohn. Dr.
Cohn received a BE degree from Yale
University and then joined Harvard
University’s Radio Research Laborato-
ry, eventually receiving his PhD in En-
gineering Science and Applied Physics.
After Harvard, Dr. Cohn worked at
Sperry alongside the Varian brothers
and W.L Barrow. In 1953, Dr. Cohn
joined the Stanford Research Institute
in Menlo Park, CA, heading the Mi-
crowave Group of the Electromagnet-
ics Laboratory (later to be named after
W.W. Hansen). This group was en-
gaged in R&D of microwave antennas,
waveguide, strip-line circuits, mi-
crowave solid-state devices and mi-
crowave systems. As one of the associ-
ate editors in the first issue, Dr. Cohn
would provide Microwave Journal with
his expertise in all these areas and pro-
vide an important link to the west coast
technical community. Additionally, fel-
low Stanford colleagues and famed au-
thors on filter theory—Leo Young and
George Matthaei—would both be reg-
ular early contributors. Young first ap-
peared in December 1962 and
Matthaei first appeared in January
1959 and went on to author multiple
editorials and even book reviews for
the magazine. Special reporting on
west coast microwave news would be
picked up by Editorial Specialist Ger-
shon Wheeler, in his column “On the
Peninsula” starting in the mid-60s.

THE EARLY ISSUES
The history of the microwave in-

dustry post-1958 is now told through
the following defining issues in the
Microwave Journal’s 50 years of tech-
nical articles, business perspectives
and editorial content. This material,
written by the thought leaders of the
industry is particularly insightful when
viewed through the lens of time.

July/August 1958
The Bomarc Missile appears on

the first issue of Microwave Journal
Vol. 1, No. 1 (see Figure 6). W.B.
Bazzy is the first publisher along with
Ted Saad as the first Technical Edi-
tor. The associate editors include:
Seymour Cohn, Henry Jasik, Ben-
jamin Lax, Marshall Pease with guest
editorial from Colin Bowness, Tore
Anderson and Dana Atchley. At 48
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▲ Fig. 5  Russel Varian, left, and Sigurd
Varian appear in this 1951 photograph with
a high-powered klystron.
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pages in length, this first issue looks
at microwave components—ferrites,
plumbing and tubes. Seymour Cohn
wrote about “Microwave Horizons,”
an editorial piece on what the future
of microwave technology might bring.
Cohn discussed how knowledge from
one field benefits another (citing ad-
vances in magnetic materials advanc-
ing the state of ferrites, and solid-
state theory advancing parametric
amplifiers).

The first issue contains the regular
departments that will be a part of the
Journal throughout its history includ-
ing biographies, company profiles,
and business editorials among the
technical features and new product
information. A Microwave Journal
tradition of event coverage also be-
gins in the very first issue with a re-
port on a microwave conference in
Boulder, CO, that included the dedi-
cation of a new Electronic Calibra-

tion Center of the National Bureau of
Standards, which would eventually
become today’s NIST. The industry
news includes a pending merger be-
tween Airtron and Litton. Congratu-
latory letters to the editor by Henry
Magnuski (Motorola), George South-
worth, William Bourke (Narda) and
Marvin Ingalsbe (Lockheed Aircraft)
in anticipation of this new venture
appear in this first issue. Also, Dr.
Henry Riblet (member of Radlab, in-
ventor of the Riblet coupler and co-
founder of MDL along with T. Saad)
is quoted describing the state of mi-
crowave component tuning at the
time: “The two most important tools
for a microwave engineer are the
straight and the curved file.” Dana
Atchley, then president of Microwave
Associates, writes the first business
editorial (Notes of the Industry).

September/October 1958
With a nod toward Professor W.W.

Hansen, a high power Stanford kly-
stron, one of 22 used to power the
Stanford linear accelerator, capable of
generating 30 million watts at a wave-
length of 10 cm graces the cover of
the second issue (see Figure 7). It is
likely that Editor Seymour Cohn via
his affiliation with Stanford Research
Institute is responsible for this selec-
tion. In this issue, Editor Ted Saad
discusses the new magazine’s goal of
striving “for balance of content with-
out diluting the quality of the maga-
zine. In each issue an effort will be
made to include a variety of articles

COMMEMORATIVE FEATURE

▲ Fig. 6  Microwave Journal cover,
July–August 1958.
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rather than articles similar in type or
content.” Ted goes on to note that the
results of an early reader survey indi-
cate a desire for tutorial or survey
type papers. Readers also wanted pa-
pers on antennas, ferrites, solid state,
measurements, systems, components
and news items. Future issues would
focus on the three “Ds”—designs, di-
mensions and data. (This tradition
continues as a principle consideration
for paper acceptance by the Mi-

crowave Journal editorial review
board.) To address the readers’ desire
for practical information, editors in-
vite leading innovators from the in-
dustry along with a general call for
technical papers that “present to the
engineer clear description of the
working of microwave components,
with a minimum of mathematics, and
offer him the facts and information
that he can readily use.” The result is
a plethora of tutorials and technical

papers from many of the leading au-
thorities at the time. Tutorials such as
“A Novel Aid to Slotted Line Mea-
surements” by Bernard Lamberty,
“VSWR Nomograph” by Gershon
Wheeler, “Materials for Microwaves”
by Dr. Benjamin Lax and a multi-part
series on “Using the Smith Diagram”
by George C. Southworth appear reg-
ularly. Business editorial for the sec-
ond issue comes from William Burke,
Executive VP of Narda Microwave.

January 1959
The first monthly issue features a

picture of a parametric amplifier devel-
oped by Raytheon Manufacturing Co.
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▲ Fig. 7  Microwave Journal cover,
September–October 1958.
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(see Figure 8). Wesley Matthaei writes
the lead technical feature on the “Re-
cent Advances in Solid State Re-
ceivers.” Coming events include an up-
coming three day meeting for the Na-
tional Symposium of the IRE
Professional Group on Microwave The-
ory and Techniques (PGMTT) in June,
to be held at Harvard University in
Cambridge, MA. Due to strong sub-
scriber response, the editorial scope is
expanded to include microwaves in sys-

tems; e.g., electronic packages, com-
munications, etc. The editors also ac-
knowledge a small but growing use of
microwaves outside of the military and
put out a call for more submitted mate-
rial including more graphs, nomo-
graphs and tables. The editors also note
that interest in the magazine is extend-
ing beyond the US with requests for
subscriptions coming from Canada,
Scotland, England, France, Sweden,
Italy, Jordan, Japan and Brazil. 

May 1959
Color photography makes it first ap-

pearance on a Microwave Journal cov-
er in Figure 9, which featured a pic-
ture of a complete 400 mc (mega cycle)
low-noise receiving system using a re-
actance (parametric) amplifier as the
input stage. The letter from the editor
that month focused on the PGMTT
National Symposium, wherein Saad
gave a brief summary of the organiza-
tion’s previous seven meetings and de-
clared even back in 1959 that, “this is
without question the high point of the
Microwave year.” The PGMTT Nation-
al Symposium advance program is
printed in the Microwave Journal for
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▲ Fig. 9  Microwave Journal cover, 
May 1959.

▲ Fig. 10  Microwave Journal cover,
December 1959.
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the first time. A listing of the presented
papers for all seven session takes up
two full pages of the magazine.

August & September 1959
The magazine looks toward the in-

ternational market with an August
guest editorial called, “A Look at the
Export Market” by William Hewlett,
co-founder of Hewlett-Packard Co.
and “A View of the Electronics Indus-
try in Scotland” by A.L. Whitwell of

James Scott Ltd. By pure coincidence,
this early attention to the microwave in-
dustry outside the US and specifically
in Europe would be a precursor to Mi-
crowave Journal’s annual European
Microwave week show issue published
in September. By this time, the Journal
was being mailed to over 10,000 people
in 43 countries. At the time, the editors
credit an ever-shrinking world due to
advances in communications, the
emergence of international technical

societies and increased global competi-
tion. Sound familiar? Content also
seems to be driving reader interest at
home and abroad. The guest editorial
by William Hewlett reflects the willing-
ness of leading company executives to
talk directly to the industry through this
magazine, a tradition that carries on to
this day.

December 1959
The last issue of the decade features

a symbolic depiction of the Bogart An-
tenna Coupler being used to Flight-line
test an aircraft antenna. At the end of
its first full year as a monthly publica-
tion, Microwave Journal (see Figure
10) saw its circulation nearly double
from an initial 12,000 subscribers to
23,000. The number of companies on
the Journal’s mailing list had grown
from 300 to 800. Reporting on the mi-
crowave business at the dawn of a new
decade, publisher William Bazzy
summed up the state of the industry in
that month’s business editorial: “Fabu-
lous Sixties! Or Decade of Problems?”
Bazzy notes “the major concentrations
of microwave activities are in the mid-
Atlantic area, with both the northeast
and west coast areas about evenly di-
vided in concentration of talents and
companies.” Putting the microwave in-
dustry of 1959 in terms of dollars, fer-
rite sales ran approximately $15 M, the
large antenna market was at roughly
$25 M, both the small antenna and mi-
crowave tube markets were at $250 M
each, test instrumentation was about
$40 M, $15 M for waveguides and
coaxial products, and sub-systems were
near $200 M. All in all, total compo-
nent sales (including systems and an-
tennas) in 1959 were believed to add
up to $1 B. Bazzy’s final thoughts con-
cern the growing global interest in mi-
crowaves and the likelihood of further
expansion of the Microwave Journal’s
editorial coverage. Interestingly
enough, Red China was the noted ex-
ception to the global interest in mi-
crowave activity of 1959. 

With the December issue, the
1950s come to an end with a new in-
dustry strong and growing, an indus-
try trade journal with clear editorial
focus established and, thanks to the
insight of many knowledgeable con-
tributors, a sizable number of readers
in place. Next month, this series looks
at the 1960s.  ■
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allowing the cannon balls to bounce around
inside, which wrecks even more carnage
against the French ship (see Figure 1).

While Lord Nelson himself does not sur-
vive the battle, the British navy is victorious
due to the extensive damage inflicted by its
radical gun powder tactic and a major storm
which soon scatters the remaining survivors.
Today you can view a statue of Nelson on a
hundred foot column in the exact center of
London’s Trafalgar Square, signifying the im-
portance of this battle to Britain’s history. Lit-
tle known is the fact that the radical battle-
winning strategy Nelson used was first sug-
gested by John Clerk of Eldin, great-great
uncle of James Clerk Maxwell.1

Britain’s victory assures British dominance
of the oceans for the remainder of the 19th

century. As part of this dominance, Britain will
discover and secure a monopoly on the pro-
duction of “gutta percha,” a natural plastic
made from the sap of a tropical tree. Gutta
percha will become the perfect, and for many
years, the only practical insulator for the un-
dersea cables used by the early communica-
tion networks, which will link the far-flung do-
minions of the Empire.
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On October 21, 1805, flying splinters of
wood wreck carnage in the battle of
Trafalgar as the final and perhaps

greatest sailing ship battle of all time is fought
to its gory end. Twenty-seven of Lord Nelson’s
British battle ships with 2150 cannon face
Napoleon’s fleet of 33 French and Spanish
ships carrying 2640 cannon. At the height of
battle, Lord Nelson’s flag ship, the HMS Vic-
tory, becomes locked, side-by-side with the
French ship Redoubtable, their rigging entan-
gled. The British crew gains the upper hand
by reducing the gun powder in each charge,

TWENTY THREE YEARS: 
THE ACCEPTANCE OF
MAXWELL’S THEORY

Fig. 1  Lord Nelson’s flag
ship, HMS Victory, and Lord
Nelson’s final moments. ▼
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Flash forward 60 years to 1865.
The American Civil War is ending.
Maxwell publishes “A Dynamical
Theory of the Electromagnetic Field”
in the Royal Society Transactions,
Vol. CLV (he actually presented the
paper orally in December 1864).
Comparing several measurements of
the speed of light to that calculated
by his new electromagnetic theory, he
notes, “The agreement of the results
seems to show that light and magnet-
ism are affections of the same sub-
stance, and that light is an electro-
magnetic disturbance propagated
through the field according to elec-
tromagnetic laws.”

The directly measured values for
the speed of light that Maxwell
quotes are 314,858,000 m/s (M.
Fizeau), 298,000,000 m/s (M. Fou-
cault) and 308,000,000 m/s (by stellar
aberration). Measurements of a ca-
pacitor discharge applied to Max-
well’s theory yields 310,740,000 m/s
(M.M. Weber and Kohlrausch). Giv-
en our modern knowledge of the
speed of light, we know which results
are presented to appropriate preci-
sion and with minimum error, and
even with that knowledge, Maxwell’s
conclusion is strong.

Thus, one of the greatest problems
of physics is now solved. Or is it? It is
actually too early to break out the
champagne, for we must patiently wait
23 years. One problem is that Maxwell
offers no mechanical model for the
“luminiferous ether,” the medium in
which this supposed wave travels.
Maxwell and friends all know that light
is a transverse wave (assuming that it is
actually a wave, not a particle as New-
ton had insisted). So whatever medium
you propose, it must not allow a longi-
tudinal wave. The medium cannot
have translational stiffness. The earth
plows through this medium without
spiraling into the sun, so either it has
no mechanical effect on matter or it
has no shear strength. But without
shear strength, it can not support a
transverse wave. And if there is no in-
teraction with matter, how can any
wave get started? And so, Maxwell’s
theory is just a bunch of equations with
no model whatsoever.

And what a bunch of equations—
there are 20 of them, simultaneous
differential equations, rather than the
four equations we know today. Max-
well has the concepts of divergence

(he uses the opposite sign and calls it
convergence) and curl. But vector
calculus is not yet formalized, so he
must write out all 20 equations. To do
so, he sometimes relies on the use of
“quaternions.” Quaternions are a
combination of a scalar and a vector,
which require the use of a squared
magnitude of –1, further complicat-
ing the equations.

Wait, there’s more. Those 20 equa-
tions are not easily recognized today.
Maxwell places as primary something
he calls “electromagnetic momentum”
(because its time derivative is force).
Electric and magnetic fields are sec-
ondary. His friend, Michael Faraday,
who originated the field concept as an
alternative to the then popular “action
at a distance,” called it the “electroton-
ic state.” It is, Faraday said, changes in
the electrotonic state surrounding
magnets that cause magnetic induc-
tion. Maxwell formalized Faraday’s
field concept. The electrotonic state is
today called the magnetic vector po-
tential, usually introduced only in
graduate level EM courses as a side-
effect of a cute little vector identity
(primacy of the vector potential is re-
turning to popularity in physics).

Maxwell viewed magnetic vector
potential as primary (presumably why
he gave it the symbol A) and magnet-
ic field as secondary (presumably why
he gave it the symbol B). However,
by making the vector (and scalar) po-
tentials primary, Maxwell’s equations
became complicated. And so, very
few took the time to learn them.

Finally, recognition of his work
would take longer because of Maxwell
himself. Unlike Newton, Maxwell was
not an aggressive self-promoter. For
example, while president of Section A
of the British Association, he gave a
presidential address (published in Vol.
2 of the new British journal Nature) at
the 1870 annual meeting with high
praise for a vortex theory of molecules
due to his good friend William Thom-
son (later Lord Kelvin). Rather than
wave the flag to the scientific world
about his electromagnetic theory, he
only mentioned briefly at the end,
“Another theory of electricity which I
prefer…,” not even taking credit for
his own work.2

MAXWELLIAN: FITZGERALD
Maxwell died in 1879. There was

no one, no students or colleagues, to
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carry on his work in electromagnetics.
Well, almost no one. Two days after
Maxwell’s death, the Royal Society
mailed a paper review that had been
written months earlier by Maxwell
back to George Francis FitzGerald
(see Figure 2). FitzGerald was a fel-
low and soon to be professor of Trini-
ty College Dublin.3 The future of
electromagnetics would now lie in
the hands of FitzGerald.

FitzGerald was a brilliant idea man,
although self-described as “lazy” when
it came to follow up experimental
work. Typically, he would do the initial
work and then rely on others (usually
friends or students) to continue the ef-
fort. In the paper that Maxwell re-
viewed, FitzGerald had linked
Maxwell’s electrodynamic theory to an
earlier theory of Prof. James MacCul-
lagh also of Trinity College. This theo-
ry modeled the luminiferous ether re-
quired by Fresnel’s wave theory of
light and required a purely rotational
elasticity, i.e., no translational stress
was allowed to form. MacCullagh had
shown that given this form for the
ether, one could model refraction, re-
flection and polarization perfectly.
Quite the coincidence. However, there
were a couple of problems. First, Mac-
Cullagh did not suggest a physical
form for this mysterious ether (it is
certainly unknown in normal matter).
Second, in 1862, G.G. Stokes, in re-
viewing a number of proposed ethereal
models, pointed out that MacCullagh’s
ether violates conservation of angular
momentum. A nice idea while it lasted.

Maxwell published his treatise on
electromagnetics (the founding docu-
ment of our field) in 1873. However,
in this, and in all of Maxwell’s EM
theory publications, there is no elec-
tromagnetic treatment of reflection
or refraction. FitzGerald is one of the
very few people who read and
learned the treatise in detail.
FitzGerald also extensively studied
MacCullagh’s ether model while
preparing for his fellowship exam.
His well annotated copy of Maxwell’s
treatise includes a long note dated 7
September 1878 where he first men-
tions that it might be possible to con-
nect Maxwell’s theory to MacCul-
lagh’s. Over-simplifying just a bit,
FitzGerald found a mapping of vari-
ables from Maxwell’s theory to Mac-
Cullagh’s. In his paper he describes
the mapping and points out that Mac-
Cullagh’s work now brings reflection
and refraction to Maxwell’s theory.

However, Stokes’s objections still
hold; MacCullagh’s ether does not
conserve angular momentum. If
MacCullagh’s ether is the same as
Maxwell’s, then Maxwell cannot be
correct either. FitzGerald, a life long
believer in some kind of ether, opti-
mistically announces that perhaps we
should “emancipate our minds from
the thralldom of a material ether.”

MAXWELLIAN: LODGE
Oliver Lodge (see Figure 3) was

the son of a pottery clay merchant.
His path takes a higher road when he
wins a scholarship and completes a
University of London external de-
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▲ Fig. 2  George Francis FitzGerald, 
one of the few scientists to pursue Maxwell’s
theory.

▲ Fig. 3  Oliver Lodge worked with
FitzGerald in puzzling out Maxwell’s theory.
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gree. He completes a doctorate at
University College in London and lat-
er becomes the first professor of
physics at the new University College
in Liverpool in 1881. Lodge had ac-
quired a copy of Maxwell’s treatise in
1873, right after it was published. He
started studying it in 1876. He first
met FitzGerald at the August 1878
Dublin meeting of the British Associ-
ation. Sharing a strong interest in
Maxwell’s treatise, they quickly be-
came fast friends.

A great unsolved mystery is why
Maxwell never tried to produce elec-
tromagnetic waves. Historians sug-
gest that Maxwell himself simply
missed the implication of his theory.
The possibility that changing currents
could make light and that radiation
could happen is not obvious from
Maxwell’s equations, especially in the
form Maxwell used. Maxwell appears
to have believed that light was made
by mechanically vibrating molecules
somehow coupling to and vibrating
the ether. And EM waves of long
wavelength? At that time, such “dark
light” was outside human experience.

Lodge was more comfortable work-
ing with mechanical models, rather
than directly with equations. In 1879,
one of his models suggested that it
might be possible to create light elec-
tromagnetically. But how? Lodge pro-
posed applying a voltage source
through a switch that switches
(“breaks”) 400 times a second. The
square wave is applied to a coil that
somehow doubles the frequency. A
cascade of 40 such coils should yield
light. FitzGerald gently points out that
the square wave would be smoothed
into a sine wave after only several coils
and thus would not work.

Lodge, not one to give up easily,
suggests that a discharging condenser
(i.e., capacitor, in the form of a Ley-
den jar) is oscillatory. FitzGerald’s re-
sponse was not preserved, but he
likely told Lodge that the frequency
would be too low for light. So close,
yet they missed the idea that the ex-
periment would generate long wave-
lengths. If only they could find a way
to “see” such wavelengths.

FitzGerald then pursued the prob-
lem mathematically, using Maxwell’s
treatise and making several errors
along the way. First he reads Maxwell
too literally, as though the treatise is
an electromagnetic bible. For exam-

ple, Maxwell states repeatedly that his
theory gives results equivalent to the
old “action at a distance” concept. In
this case, there can be no radiation.
However, it appears that Maxwell’s
comment was limited to the non-time
varying situation, something FitzGer-
ald did not realize. A second very seri-
ous error concerns what is now called
the gauge condition. Maxwell selected
what we call the Colomb gauge (di-
vergence of A is zero) and then incor-
rectly specified the scalar potential to
be independent of time, yielding a
static solution. Eventually FitzGerald
realizes the problem, in part by toying
with mechanical models of the ether
that he had built. Then likely inspired
by Lord Rayleigh’s Theory of Sound,
and by electromagnetic research pub-
lished by Lorenz, he introduces re-
tarded potentials to Maxwell’s theory.

FitzGerald, with considerable ef-
fort, does find a solution to Maxwell’s
equations for a time varying current,
but it is a non-radiating solution, “like
the nodes and loops in an organ pipe.”
He thus concludes that generating
EM waves electrically is impossible.
What FitzGerald did not realize at the
time, is that he had unwittingly found
the solution assuming a conducting
wall boundary condition. This illus-
trates a problem of the vector poten-
tial; boundary conditions are difficult
to see. Years later FitzGerald realizes
that an alternative solution (assuming
a different boundary condition) takes
the form of traveling waves. Regard-
less, the damage is done. FitzGerald
and Lodge continue enthusiastically
working with Maxwell’s theory, but
the search for EM wave generation is
terminated... until 1888.

MAXWELLIAN: HEAVISIDE
Described by a friend4 as a “first

rate oddity,” Oliver Heaviside (see
Figure 4) was also an exceptionally
prolific writer, albeit difficult to read,
and an absolute mathematical genius.
He was raised in poverty in Camden
Town, London around the corner
from where Dickens himself had
lived. In addition to the harsh treat-
ment, he was often ill and never at-
tended a university. Beyond a reason-
able early education (partially provid-
ed by his mother), he was self-taught
in science and mathematics. He
learned by reading books from the li-
brary. It appears he passionately
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avoided books on theology and meta-
physics (unlike Maxwell), but he
adored books dealing with Newton
and Laplace, to name a few.

His started his first and only job in
1867 as a telegraph clerk. His uncle
by marriage, Charles Whetstone (of
bridge fame), helped him obtain the
position. Because of its importance to
the Empire, much of British science
was focused on problems relating to
undersea telegraph cables. The first
undersea cable (Dover to Calais) was
laid in 1851. By 1885, there are near-
ly 100,000 miles of cable under the
ocean, mostly laid by Britain due to
their dominance on the ocean and
monopoly in the only viable undersea
cable insulator, gutta percha.

Heaviside obtained a copy of
Maxwell’s treatise in 1873. “I browsed
through it and I was astonished! I
read the preface and the last chapter,
and several bits here and there; I saw
that it was great, greater and great-
est… I was determined to master the
book and set to work.” Heaviside left
his job the next year and moved in
with his parents to pursue the mathe-
matics of Maxwell, especially with re-
gard to telegraphic (and soon, tele-
phonic) cable problems.

Heaviside had no patience with
perceived stupidity and one person in
particular, William Henry Preece, the
Engineer-in-Chief of the British Gen-
eral Post Office (which controlled all
British telegraph and telephone
lines). In turn, Preece, who consid-
ered himself to be an especially intel-

ligent, “practical man,” had no need
for theoretical mathematicians.

In one case, Heaviside derived the
transmission line “telegraphers” equa-
tion directly from Maxwell’s theory.
William Thomson (Lord Kelvin) had
successfully analyzed undersea cables
based on the diffusion equation, i.e.,
just resistance and capacitance, but no
inductance. In this case, a pulse effec-
tively diffuses into the cable and
Thomson’s model provided reason-
able results for most undersea cables
but failed miserably for overhead
lines. When Heaviside derived the
full telegrapher’s equation, he deter-
mined that if the ratio of L/R is equal
to C/G, distortion (i.e., pulse spread-
ing) could be eliminated. Since G is
very small, thanks to gutta percha, de-
creasing R to the required value
would be prohibitively expensive. So,
the solution to addressing distortion
was simply increase L. However, his
work is effectively suppressed over a
long period by Preece, who was vehe-
ment that the inductance of a trans-
mission line is zero and increasing it
would only lead to disaster. As a
“practical man,” he could not be con-
vinced otherwise by these silly mathe-
maticians. Later engineers in the
United States successfully make, ap-
ply and patent the same discovery, to
which Heaviside received no credit.

In the summer of 1884, Heaviside
starts working on energy flow in the
electromagnetic field. The derivation
is complicated, but the result is sim-
ple: S=E×H. Heaviside, being reclu-
sive and not well connected with the
rest of the scientific community, is
later only a little disappointed to find
that Prof. Poynting of the new Mason
College of Science in Birmingham
had published the same result a few
months earlier.

As an example of energy flow, take
the field around a straight copper
wire at DC. E×H points radially into
the wire. Energy does not flow along
the wire as had been thought. It flows
from the field surrounding the wire
and dissipates as heat as it enters the
wire. This is the big clue. In sharp
contrast to action at a distance, where
energy is viewed as flowing along the
wire with the current like water in a
pipe, Maxwell’s equations suggest
that energy is in the field and flows
from the field into the resistance of
the conductor.

COMMEMORATIVE FEATURE

▲ Fig. 4  Oliver Heaviside, a reclusive
mathematical genius, cast Maxwell’s
equations into their modern form.
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In fact, the Maxwellian view at this
time is that charge and current are
not physical. Rather they are changes
in the stresses and strains of the
ether. The conductor of the wire re-
lieves the stress of the field and dissi-
pates the energy as heat. This view
fades with the advent of a new con-
cept a few years later, the electron. As
for the modern view, electromagnetic
energy is calculated in terms of either
the field or the current. It’s hard to
say precisely “where” it is.

Heaviside went further than
Poynting. As Heaviside was working
with his energy concept, he came
upon a new form for Maxwell’s equa-
tions, the “duplex” form, the four
equations with which we are familiar
today. These differential curl equa-
tions involve E, H, D and B. The po-
tentials are gleefully “murdered” ac-
cording to Heaviside. “I never made
any progress until I threw all the po-
tentials overboard,” he later wrote to
FitzGerald. With the duplex form,
the symmetries in Maxwell’s equa-
tions are beautifully seen, but some-
thing was missing. Heaviside adds the
fictitious magnetic current to com-
plete the symmetry.

If Heaviside modified Maxwell’s
equations to this degree, why don’t we
call them Heaviside’s equations? Heavi-
side answered this question in the pref-
ace to Vol. 1 of his three-volume, life-
time culminating work, Electromagnet-
ic Theory, stating that if we have good

reason, “to believe that he [Maxwell]
would have admitted the necessity of
change when pointed out to him, then
I think the resulting modified theory
may well be called Maxwell’s.”

In 1888, Lodge is requested to give
two lectures on lightning protection
and he conducts experiments by dis-
charging condensers in the vicinity of
models of various structures. The lec-
tures stimulate major controversy with
Preece as Lodge’s results contradict
standard practice. But all that is minor.
In the course of his experiments,
Lodge notices arcs being induced in
nearby circuits. In one experiment, he
sees an arc at the end of two parallel
wires. In the dark, he can even see a
distinct standing wave glowing in the
air around the wires. Lodge has gener-
ated and detected electromagnetic
waves. The British Association is
meeting in Bath in September. In July,
Lodge plans to report his astounding
results at that meeting, right after he
returns from vacation in the Alps. On
the train out of Liverpool, he picks up
the July issue of Annalen der Physik.
He immediately notices an article,
“Ueber elektrodynamische Wellen in
Luftraume und deren Reflexion” (“On
Electromagnetic Waves in Air and
Their Reflection”).

MAXWELLIAN: HERTZ
Heinrich Hertz (see Figure 5)

studied in Berlin under Hermann von
Helmholtz. Helmholtz had incorpo-
rated the electromagnetic theories of
Maxwell, Weber and Neumann into a
single theory with a parameter (k),
whose value selected the theory to be
used (later it would be realized that
Maxwell’s theories were not correctly
incorporated fully). Helmholtz had
encouraged Hertz to perform experi-
ments to test and differentiate the
theories. Hertz at first declined, hav-
ing determined that the experiments
would be difficult to perform. How-
ever, a few years later, while teaching
at Technische Hochschule in Karl-
sruhe, he noticed while discharging a
condenser through a loop, that an
identical loop some distance away de-
veloped arcs. He instantly recognized
a resonance condition and suspected
electromagnetic waves. The experi-
ments he subsequently conducted
would verify reflection, refraction,
diffraction and polarization for both
free space waves and wire guided
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▲ Fig. 5  Heinrich Hertz experimentally
validated Maxwell’s equations 23 years after
Maxwell first published them.
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waves. It is Hertz’s experimental re-
sults that Lodge is reading in Annalen
der Physik as he leaves for vacation.

As Lodge read the paper, he real-
ized that his own results were now su-
perfluous. However, his disappoint-
ment is more than compensated by the
beauty and completeness of Hertz’s
work. Hertz presents at the September
1888 British Association meeting in
Bath and is hailed a hero. His results
provide full confirmation of Maxwell’s
electromagnetic theory. The British
Maxwellians, after 15 years of careful
theoretical preparation of Maxwell’s
theory, are catapulted to the top of
British science thanks to Hertz’s timely
experimental validation. Hertz is warm-
ly welcomed into the small Maxwellian
group and takes an active role, but, un-
fortunately, for far to short a period of
time. In Germany, the importance of
Hertz’s results is not at first fully recog-
nized. Some will say (only partly in
jest), that word of Hertz’s experiments
reached Germany by way of England.
However, once recognized, German re-
searchers likewise embrace Maxwell’s
theory as well.

Hertz had, independently of
Heaviside, discarded Maxwell’s po-
tentials and developed the modern
duplex form of Maxwell’s equations.
When Hertz becomes aware of Heav-
iside’s work, he graciously yields pri-
ority to Heaviside and likewise choos-
es to call them Maxwell’s equations.
As a tribute to Hertz, they are for a
few years also sometimes called the
Hertz-Maxwell equations.

EPILOG
Hertz returned to England for one

final visit to receive the prestigious
Rumford Medal from the Royal Soci-
ety in 1890. The year before, Hertz
had received a major promotion and
moved to the chair of physics at the
University of Bonn. Unfortunately,
the move also deprived him of experi-
mental facilities. In close collabora-
tion with the British Maxwellians,
Hertz continued to make significant
theoretical contributions, although
work becomes difficult as he starts
suffering from an infection that
spreads to his jaw and sinuses. He
writes to his parents in August 1892,
“At present my nose is my universe.”
He dies tragically and painfully at the
age of 36 from blood poisoning after
an operation.

Michelson and Morley performed
their interferometer experiment in
1887, which casts doubt on the exis-
tence of an ether. British researchers
continue searching for mechanical
models of the ether well into the 20th

century before the effort is gradually
dropped as pointless.

FitzGerald passes away after a par-
ticularly difficult bout of indigestion
at the age of 49. To Heaviside and
Lodge his death is a great shock.
Lodge does not contribute any fur-
ther work to Maxwell’s theory after
1900, shifting his efforts toward re-
searching communication with the
dead. He died on August 22, 1940,
promising to make public appear-
ances after his death. No such ap-
pearances have been recorded.

In 1896, Heaviside’s father dies,
leaving him on his own for the first
time in his life. FitzGerald and John
Perry arrange a Civil List pension for
him. In a more difficult task, they con-
vince him to accept it, offering it as
recognition of service to his country.
Heaviside became senile in his old age
(“I am as stupid as an owl”). He dies on
February 3, 1925 after falling off a lad-
der and landing on his back. He is 74.
His ride to the hospital is his first and
final ride in an automobile.

I close with a paragraph written Jan-
uary 30, 1891 in Heaviside’s Electro-
magnetic Theory: “Lastly, from millions
of vibrations per second, proceed to
billions, and we come to light (and
heat) radiation, which are, in Maxwell’s
theory, identified with electromagnetic
disturbances. The great gap between
Hertzian waves and waves of light has
not yet been bridged, but I do not
doubt that it will be done by the discov-
ery of improved methods of generating
and observing very short waves.”

We truly do stand on the shoulders
of giants.  ■
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2910 Norman Strasse Road, Suite 105
San Marcos, California 92069 
Phone: 760.598.4340 • Fax: 760.598.4342
sales@aethercomm.com

Company Product Lines:
Aethercomm specializes in manufacturing custom products
in the categories below. We also offer an extensive line of
commercial-off-the-shelf products. Our product lines include:
• High Power Microwave System Design: Radar transceivers, electronic warfare systems,
communication systems, transmitter sections, airborne and ground data links, high power
amplifier systems and modules.
• Linear High Power Amplifier Modules: RF amplifier modules from DC to 40 GHz. Power
levels up to several thousand watts with high linearity and medium levels of efficiency.
• Broadband High Power Amplifier Modules: RF amplifier modules from DC to 40 GHz
with frequency ranges from octave to multi-octave bandwidths. Additional bandwidths in-
clude decade level to multi-decade level. The broadest band currently covered is 20 MHz
to 6000 MHz in a single module with 10+ watts of output power. The typical power
level for these modules is several watts to several hundred watts.
• High Power Pulsed Amplifier Modules: RF amplifier modules for pulsed applications
such as TACAN, IFF, Radar, LINK16 and other pulsed applications. Frequencies range from
DC to 40 GHz with power levels up to 5000 watts.
• Low Noise and Medium Power Amplifiers: Low noise figure and power levels up to sev-
eral watts. Typical frequencies are DC to 40 GHz.
• Transmitters and Receivers: High power transmitters and low noise amplification in a
single low profile RF module with filtering, power conversion and microprocessor control
for airborne and ground data links and communications systems. Frequencies from DC to
40 GHz with power levels up to 1000 watts.
• High Power Amplifier Assemblies: Multiple RF modules combined to achieve a much
higher power level across broad and narrow bands. These assemblies have custom pack-
aging and heat sinking with power levels up to several thousand watts. Typical frequency
ranges are DC to 18 GHz. Higher frequencies are available.
• Rack Mounted Amplifiers and Assemblies: Amplifiers and complete systems and subsys-
tems are available packaged in a standard, 19-inch rack or custom rack as required.
Standard features include high power over a broad or narrow band with internal power
conversion, thermal management, digital control and numerous self-protect features. Power
levels of several thousand watts are easily achievable with typical operating frequencies
from DC to 18 GHz and higher frequency operation available.
• High Efficiency Amplifiers: We manufacture extremely high efficiency amplifiers employ-
ing Class AB, Class B, Class C, Class D, Class E, Class F, Class J and Class S amplifiers.
These amplifiers are employed in constant envelope modulation schemes powered by bat-
tery or solar cells. Typical frequencies are up to 4 GHz with power levels of 20 to 100
watts. Narrowband power-added efficiencies range from 50 to 70 percent depending on
frequency and power.
• Build-to-Print, High Volume Manufacturing Services: Aethercomm offers quick, reliable
build-to-print and manufacturing services for low, medium and high volumes. We have
proven capabilities in engineering and program management, and use automated assembly
and test for excellent repeatability. Aethercomm is a small company with low overhead and
is an attractive alternative for large prime contractors to utilize us for this service.

Company History: Aethercomm was founded in June
1999 by Todd Thornton,Terri Thornton, Jim Daube, Ed Takacs,
Dr. Larry Larson and Dr. Peter Asbeck in the Thorntons’ living
room. We moved to our current facilities in January 2000.
Aethercomm designs and manufactures RF and microwave
systems and subsystems for radar, electronic warfare and other
communication systems. Our company’s first products were
RF amplifier modules. We have added multiple product lines
since our inception. Our products are predominantly found in
military systems on the ground, in the air and at sea.While the
majority of Aethercomm products are defense-related, we
maintain a strong presence in the commercial arena.

From humble beginnings, we have grown significantly over
the past nine years. Aethercomm now employs 90 people
and has outgrown our current facilities. We will relocate to
our new, state-of-the-ar t, 47,000 square-foot building in
Carlsbad, California, in the first quarter of 2009. Aether-
comm maintains a deep appreciation for our customers and
our ultimate end-user, the United States Military Warfighter.

Company Today:
Aethercomm has transitioned from a small-to-medium pro-
duction facility to a very large production facility. In the past
2 years, we shipped more than 30,000 RF amplifiers in sup-
port of the Global War on Terror.
Our ability to manufacture thousands of high quality, compli-
cated RF amplifier assemblies per week has enabled Aether-
comm to enjoy exponential growth in both personnel and
revenue over the past 4 years. Our new, high volume re-
search and development and production facilities will allow
us to meet current demand and expand to accommodate
ever growing production programs.
Aethercomm RF amplifiers are combat-proven and built to
operate in the harshest environments. Our company transi-
tioned from providing RF modules to designing and manufac-
turing complex RF and microwave systems that incorporate
receivers and transmitters, power conversion circuitry, micro-
processor control and complex thermal management systems.
These systems are used in fighter and attack aircraft, ground
vehicular environments and on shipboard systems. Aether-
comm products are also found on sounding rockets that travel
50 to 1500 kilometers above the surface of the Earth.

This artist’s rendition depicts Aethercomm’s new facilities.

COMPANY PROFILES: NOW

AETHERCOMM  6/26/08  8:25 AM  Page 150

mailto:sales@aethercomm.com


152 MICROWAVE JOURNAL ■ JULY 2008

Contact Information:

Agilent Technologies
5301 Stevens Creek Blvd.
Santa Clara, CA 95051
800-829-4444
www.agilent.com

signal analysis platform which is the industry’s fastest signal
analyzer with the highest accuracy of any midrange analyzer.
In 2007 the Agilent E6651A was introduced and became the
worlds first integrated Mobile WiMAX™ test set enabling
designers and manufacturers of Mobile WiMAX™ subscriber
products to rapidly move from development to volume pro-
duction—improving the integrity
and quality of WiMAX devices
while reducing cost. Recently Ag-
ilent introduced the Industry-
First HSPA+ test solution for
3GPP-compliant components
making it the only commercially
available HSPA+ signal analysis
test solution in the industry. Agi-
lent also released its newest LTE
test products, including the first-
to-market LTE UE development
test platform, the Agilent
E6620A with real-time protocol
development tools created in
partnership with Anite plc. This LTE UE platform will help
R&D engineers speed development of LTE UE design for
next-generation mobile communications products.

Company Product Categories:
Agilent’s markets for our electronic measurement business
include communications test and general purpose test. In
communications test, Agilent sells products and services for
the following types of networks and systems:
• Fiber Optics Networks 
• Transport Networks 
• Broadband and Data Networks
• Wireless Communications 
• Microwave Networks 
We also provide solutions to enable network, service and
customer assurance for network operators.
Additional test products include:
• General Purpose Instruments 
• Modular Instruments and Test Software 
• Digital Design Products 
• Parametric Test Products 
• High Frequency Electronic Design Tools 
• Electronics Manufacturing Test Equipment 
• Thin-film Transistor Array Test Equipment 

Company History: Agilent Technologies, a spin-off of
Hewlett-Packard Co., broke records on Nov. 18, 1999 as the
largest initial public
offering (IPO) in Sili-
con Valley histor y.
The US $2.1 billion
raised from that IPO
was a sharp contrast
to the $538 in
working capital that
founders Bill Hew-
lett and Dave Pack-
ard began with in
1938. From a small
garage in Palo Alto,
CA, to employees
around the world serving customers in 110 countries, Agi-
lent has a long history of innovation and leadership in the
communications, electronics, semiconductor, test and mea-
surement, life sciences and chemical analysis industries. Fol-
lowing its successful IPO in 1999, Agilent is now a fully inde-
pendent company focusing on high-growth markets in com-
munications, electronics and l i fe sciences. Agilent is
recognized as an industry and global leader.

Company Today:
As the world’s premier measurement company, Agilent
works in close collaboration with engineers, scientists and re-
searchers around the globe to meet the communications,
electronics, life sciences and chemical analysis challenges of
today and tomorrow. The company operates two primary
businesses—electronic and bio-analytical measurement—
supported by Agilent Laboratories, its central research group.
Agilent is committed to providing innovative measurement
solutions that enable our customers and partners—the lead-
ers in their fields—to deliver the products and services that
make a measurable difference in the lives of people every-
where.With a singular focus on measurement,Agilent helps:
• Test more than half of the world’s 1.13 billion cell phones 
• Equip more than 200 communications service providers 
• Advance next-generation integrated voice, video and data 
• Enable the military to be more flexible, mobile and reliable 
Agilent’s electronic measurement business provides standard
and customized electronic measurement instruments and
systems, monitoring, management and optimization tools for
communications networks and services, software design
tools and related services that are used in the design, devel-
opment, manufacture, installation, deployment and operation
of electronics equipment and communications networks and
services.
In 2006 Agilent introduced the E4898A Bit Error Ratio Tester
(BERT) that is the industry’s first to operate at speeds of up
to 100 Gb/s. That same year Agilent introduced the MXA

Our start, the HP garage, Palo Alto, CA.

Bill Sullivan, President and Chief Executive
Officer.
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• High Speed, High Isolation and Low Loss
Models

• Variable Rise Time and other specialties
available

Attenuators:
• 10 MHz to 18 GHz in Sub-Octave, Octave

and Broadband Models
• 15 dB to 120dB Dynamic Ranges available
• Linearized Analog and Digitally Variable

Models available
• Non-Linearized Current Controlled models

also
Detector Log Video Amplifiers:
• 10 MHz to 40 GHz in Narrowband and

Broadband Models
• 45 dB and 70 dB Dynamic Ranges available
• CW & Noise Immune Models
• Linear Detector Models
• Very High Sensitivity Models 

Company History: In 1978, Mr. Raymond L. Sicotte
founded American Microwave Corporation (AMC). Original-
ly AMC manufactured ferrite products and eventually ex-
panded and developed complete product lines of solid state
microwave switches, voltage variable attenuators operating
up to 18 GHz. AMC has been dedicated to providing state
of the art technology in high quality microwave components
that meet or exceed the customer’s specifications.
In 1990, Dr. Ashok K. Gorwara joined AMC as President &
CEO bringing many new developments including Detector
Logarithmic Video Amplifiers (DLVAs) and sophisticated Inte-
grated Assemblies.

Company Today:
Today, the President & CEO, Dr. Ashok K. Gorwara and
Chairman & CFO, Mr. Raymond L. Sicotte along with the staff
of American Microwave Corporation (AMC) celebrate their
30th Anniversary. American Microwave Corporation (AMC)
is currently ISO 9001:2000 certified within the areas of Re-
search, Development, Design and Manufacture of RF & Mi-
crowave Components and Integrated Assemblies from DC
to 40 GHz. American Microwave Corporation (AMC) has a
sister  company, Planar Monolithics Industries, Inc. (PMI),
www.planarmonolithics.com/pmi.

Products:
Switches:
• DC to 40 GHz in Sub-Octave, Octave and Broadband

Models
• SPST thru SP64T Solid State Switches
• TTL, ECL, CMOS & RS422 Controls 

AMERICAN MICROWAVE CORPORATION

“In Pursuit of Excellence through Engineering”

30 Years

1978–2008

COMPANY PROFILES: NOW
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Contact Information

Anritsu Company
1155 East Collins Blvd., Suite 100
Richardson,TX 75081
Toll Free: 1-800-267-4878
Phone: +1-972-644-1777
Fax: +1-972-671-1877
Visit us at www.us.anritsu.com

Anritsu continues to be one of the leading test
and measurement suppliers to the Department
of Defense (DoD) and other branches of the
US government, and to the contractors support-
ing them. As commercial wired and wireless
technologies migrate into government applica-
tions, Anritsu is leveraging its worldwide industry
leadership to provide a full complement of solu-
tions supporting core programs in the Global In-
formation Grid, including MUOS, FCS, and JTRS,
and the Department of Homeland Security.

Company Product Categories:
• BER Testers
• Optical Test Instruments
• Bluetooth Testers
• Power Meters
• Conformance Test Systems
• Scalar Network Analyzers
• Handheld Base Station Analyzers
• Signal Generators
• Handheld Cable and Antenna Analyzers
• Signaling Analyzers
• Handheld Vector Network Analyzer
• Spectrum Analyzers
• Jitter Test Solutions
• Vector Network Analyzers

Company History: Anritsu Company is the American
subsidiary of Anritsu Corporation, a global provider of innova-
tive communications solutions for more than 110 years. Anritsu
is a global leader in the telecommunications, optical and wireless
industries through its diverse product offerings ranging from test
and measurement solutions to high-speed devices and compo-
nents for use in R&D, production and maintenance.
Since incorporating in 1895, Anritsu has been leading the
way in innovation. Among the company’s advances are the
world’s first 43.5 GHz 4-channel ultra high-speed error de-
tector, and the V and K connectors. Innovation has stretched
into the field, as Anritsu introduced the Site Master™ hand-

held cable and antenna ana-
lyzer near ly a decade ago,
which redefined the field mea-
surement market.
Those market innovations have
helped Anritsu grow through
the years and the company
now has more than 3,900 em-
ployees and is represented in
90 countries for a global pres-

ence. Manufacturing is done in Morgan Hill, CA; Atsugi, Japan;
and Stevenage, England. US sales headquarters are in Richard-
son,TX.Additional sales and service offices are within the US, as
well as in Canada, Latin America, Europe,Asia and Japan.

Company Today:
A commitment to developing test and measurement solutions
for Next Generation Networks (NGNs) is evident in Anritsu’s
present product offering. Anritsu unveiled
the first operational LTE signaling analyzer
earlier this year when its MD8430A con-
ducted 100 Mbps downlink demonstra-
tions at CTIA. Anritsu was also the first
company to release field test solutions for
Fixed and Mobile WiMAX, and is working
with partners to develop other instru-
ments used in the development, manufac-
turing, deployment and maintenance of
NGNs.
Holding a market leadership position is nothing new for An-
ritsu. Its handheld cable and antenna analyzers are now the
de facto industry standard for base station deployment, in-
stallation and maintenance. Anritsu has also been the market
leader in Bluetooth test for years.

COMPANY PROFILES: NOW

 ANRITSU  6/26/08  8:31 AM  Page 156

http://www.us.anritsu.com


COMPANY PROFILES: NOW

158 MICROWAVE JOURNAL ■ JULY 2008

Contact Information:

225 West Station Square Drive, STE. 200
Pittsburgh, PA 15219
412-261-3200
info@ansoft.com
www.ansoft.com

global operations of Ansoft and ANSYS will en-
hance the breadth, functionality, usability and in-
teroperability of the combined portfolio of engi-
neering simulation solutions. The combination is
expected to increase operational efficiency and
lower design and engineering costs for our cus-
tomers, and accelerate development and deliv-
ery of new and innovative products to the mar-
ketplace. The complementary combination of
Ansoft’s and ANSYS’ software products and
services will give the combined company one of
the most complete, independent engineering
simulation software offerings in the industry.

Company Product Categories:
• Electronic Design Automation software
• RF & microwave design
• Signal- & Power-integrity analysis
• EMI/EMC

Company History: Ansoft was founded in 1984 and
grew out of research conducted at Carnegie Mellon Univer-
sity by Ansoft’s chairman and chief technology officer, Zoltan
J. Cendes, and his colleagues. In 1990, Ansoft shipped the first
version of HFSS™ which has become the industry-standard
software for S-parameter, Full-Wave SPICE™ extraction, and
3D electromagnetic field simulation of high-
frequency and high-speed components. Pro-
pelled by the strength of HFSS, Ansoft grew
to become a leading developer of high-
performance Electronic Design Automation
(EDA) software.The software’s unique ability
to leverage electromagnetics across compo-
nent, circuit and system design has allowed
companies wor ldwide to design mobile
communication, internet-access, broadband
networking components and systems, inte-
grated circuits (ICs) and printed circuit
boards (PCBs) as well as electromechanical
systems such as automotive components
and power electronics systems. In April 1996, Ansoft com-
pleted its initial public offering and began trading on the
NASDAQ stock exchange under the symbol “ANST.”

Company Today:
On March 31, 2008 Ansoft Corporation and ANSYS, Inc. an-
nounced the signing of a definitive agreement to combine
the two companies to create the leading provider of “best-
in-class” simulation capabilities. ANSYS is a leading developer
of engineering simulation software and technologies widely
used by engineers and designers across a broad spectrum of
industries. The combined company will have combined trail-
ing 12-month revenues of $485 million, over 40 direct sales
offices and 21 development centers on three continents and
approximately 1700 employees worldwide. The combined

Zoltan J. Cendes
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Contact Information:

160 School House Road
Souderton, PA 18964
Phone: 215.723.8181
Email: info@ar-worldwide.com
Website: www.ar-worldwide.com

uct line. AR Receiver Systems manufactures a
quality line of products for EMC testing including
EMI receivers, impulse generators and measure-
ment systems and leak detectors.
At AR, there’s no substitute for quality. It’s the foun-
dation of our business and the AR value that’s rec-
ognized around the globe. With the combined re-
sources of all the AR companies, we simply have
more of the best people making the best products
to overcome your toughest challenges.

Company Product Categories:
• RF Amplifiers and Antennas, 1 to 50,000

watts, dc to 1 GHz
• Microwave Amplifiers, 1 to 16,000 watts, 0.8

to 45 GHz
• Transient Generators
• Precompliance EMC Test Systems
• Radiated Immunity Test System 
• EMC Accessories and Software
• Broadband Solid-State RF amplifier Systems,

5–5000 watts, 0.1–6000 MHz
• RF Modules - broadband, narrowband and

custom designs, 5–500 watts, 0.1–6000 MHz
• Military Amplifier Systems and Accessories
• EMI Receivers
• Leak Detectors 

Company History: Amplifier Research began in 1969
with just two men in a cellar, moonlighting from their regular
jobs. Don (“Shep”) Shepherd and his late partner, Dan Roth,
worked for AEL
(American Electronics
Laboratories), produc-
ing radio frequency de-
signs for military appli-
cations. They saw a
market for their skills in
designing amplifiers for
test applications, but
AEL was not set up for
such jobs. So they de-
cided to try and make
it on their own, work-
ing out of a makeshift laboratory in Shep’s cellar.The first sale
was a 2 watt, 250 MHz amplifier that sold for $600 including
$60 for special connectors.
In 1973, AR moved its headquarters to Souderton, PA and 3
years later introduced a 10,000 watt, 10 kHz–100 MHz tube
amplifier that’s still available today. AR expanded its capabili-
ties in 2001 with the acquisition of Kalmus in Bothell, WA to
include amplifier modules and amplifier systems. A year later,
Carnel Labs in Canoga Park CA joined the AR family.

Company Today:
Today, AR, celebrating 40 years in business in 2009, has
grown dramatically from the 2-person company that started
in Shep’s cellar to a corporation that employs over 200 peo-
ple and continues to lead the industry with innovative, supe-
rior quality, technologically-advanced products and a global
support system that’s second to none.
AR, comprised of 3 divisions, provides products and solutions
for RF and EMC testing, Wireless & Military communications
and beyond. AR RF/Microwave Instrumentation is the world-
class source for broadband high power, solid state RF and mi-
crowave amplifiers, TWT amplifiers, transient generators, log
periodic and high-gain horn antennas, EMC test software,
field probes and much more. AR Modular RF provides RF
amplifier systems, RF modules and booster amplifiers for a
wireless and military communication, electronic warfare and
a variety of industrial/scientific/medical applications. AR Mod-
ular RF also helps customers find the best solutions to their
most demanding requirements by offering customer-specific
designs and semi-custom modifications to our existing prod-
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Contact Information:

ARC Technologies, Inc.
11 Chestnut Street
Amesbury, MA 01913
Phone: 978-388-2993   Fax: 978-388-6866
e-mail: sales@arc-tec.com
www.arc-tech.com

ation, make them the only fully integrated MA-
GRAM manufacturer in the nation.The Syntactic
Foam product line, consisting of both tailored di-
electic and controlled loss versions, have gained
widespread acceptance in a range of applica-
tions.
An ISO 9001 company, ARC works continuously
to improve its test and inspection capabilities.
They maintain a state-of-the-art, environmentally
controlled Quality Lab utilizing the most ad-
vanced and accurate measuring equipment.
When it comes to solving microwave interfer-
ence problems in even the most advanced elec-
tronic enclosures, ARC Technologies has a prod-
uct in hand or will develop an application-specif-
ic solution to meet the most demanding
customer specifications.

Radar Absorbing Materials
Dielectric Foam, Gumstock, MAGRAM Sheets,
Coated Honeycomb,Wave-X

Radar Absorbing Solutions:
Composite structures, embedded antenna struc-
tures, radar camouflage units, resin injection
molded boots, thermoplastic extruded profiles
and boots, and decoy subassemblies 

20 Years’ Experience in Absorber Technology
Now in its 20th year, ARC Technologies continues to serve
the commercial and military electronics industries with a
complete line of absorber products and electrically tuned
composite materials of the highest quality, manufactured in
ARC’s 100,000 sq. ft. facility in Amesbury, MA. ARC offers a
complete range of absorbers, providing innovative solutions
to interference problems faced by military, aerospace and
commercial electronics design engineers.
ARC concentrates on four major product lines 
• MAGRAM
• Dielectric materials
• Composites
• Advanced Materials
These product lines are produced by dedicated internal “fo-
cus factories”—interdisciplinary teams of ARC scientists and
engineers well versed in the disciplines of microwave, radar,
EMI/EMC, polymer science as
well as advanced production
processes such as polymer
processing, composites fabri-
cation, laminated materials
and secondary processing.
In response to unique cus-
tomer challenges, whether at
50 MHz or 100 GHz, near-
field, narrowband or broad-
band, ARC brings in-depth expertise to each situation. Over
the years we have invested heavily in materials expertise,
process knowledge and capital equipment to meet evolving
customer needs.

Capabilities and Expertise in Advanced
Materials and Processes 
ARC process capabilities include extruded profiles, sandwiched
composites with embedded electronics, precision painted coat-
ings and fluorinated polymer composites fabrication.
Expertise in advanced materials is also one of ARC’s critical
strengths. Each application has inherent functional and material
property requirements to consider. Multifunctional materials,
for example, exhibit gradients in some properties as a function
of location in the part. ARC’s Radar Camouflage Units (RCU)
are such a material. These units must survive severe environ-
mental exposure while maintaining unique structural proper-
ties dictated by the functional requirements of the part. And
they must still perform an important electrical task.
ARC’s experience and capabilities in compression molded
elastomer, combined with their in-house rubber milling oper-
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Contact Information:

AWR
1960 East Grand Avenue
Suite 430
El Segundo, CA 90245
(310) 726-3000
www.awrcorp.com
info@awrcorp.com

transient analysis software, and AXIEM™ for 3D
planar EM analysis.
With the recent release of the 2008 AWR Design
Environment, AWR further increases the power
of the platform with more than 100 enhance-
ments encompassing every solution, tool, and
technology. Equally impressive, the user interface,
already more intuitive than any alternative prod-
uct, now allows users far greater customization to
satisfy personal preferences and improves pro-
ductivity even further. Joe Pekarek knew there
had to be a better way, and 14 years later, legions
of customers would agree that he found it.

Major Products
• Microwave Office
• Analog Office
• Visual System Simulator
• APLAC
• AXIEM

In the beginning....
In 1994, while designing chipsets for radar systems using cur-
rent high-frequency EDA tools, Dr. Joe Pekarek realized there
had to be a better way. He believed the
Windows operating system offered
unique opportunities that could let RF
and microwave designers do their work
faster, with greater accuracy – and a lot
easier. He felt new tools should address
design from the device level through
component and system levels seamless-
ly, from within a single environment.
Armed with a vision, a little cash, and
the commitment of two like-minded
associates, Joe Pekarek founded Applied
Wave Research (AWR).
Four years later, the company intro-
duced its fir st major product, Mi-
crowave Office® design environment, which gave high-fre-
quency design the “look and feel” of office productivity tools,
and the AWR Design Environment™ was born.
The response was overwhelmingly positive, verifying their be-
lief that immense productivity gains could be achieved by
building on a unified data model. In one platform, designers
could now take an idea from concept through simulation to
physical implementation, whether driving the design from the
schematic, simulation, or layout. And unlike “closed” high-fre-
quency software solutions that restricted access to third-party
tools, the “open” AWR Design Environment embraced them
by design.That commitment is stronger today than ever.

AWR Today
Thousands of users at hundreds of companies around the
world rely on AWR’s high-frequency design solutions. Along
the way, AWR scored impressive industry “firsts,” such as
real-time tuning of component parameters, EM based mod-
els, “project tree” view of design, measurement-driven simu-
lation, real-time layout viewing in 3D, and many more. The
Microwave Office design environment has advanced by leaps
and bounds in terms of accuracy, speed, and capabilities
while remaining true to its creators’ vision of openness and
ease of use. It is complemented by the Analog Office® suite
for RFIC design, Visual System Simulator™ for system-level
analysis and optimization, as well as ACE™ circuit extraction
technology, APLAC® harmonic balance and time-domain
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Contact Information

1070 East 233rd Street
Carson, CA 90745
Phone: 310 507 3242
Fax: 310 507 5701
www.daico.com

ble and repeatable processes, along with skilled
manufacturing and test personnel, Daico builds
legacy products to the same exacting standards
of performance and reliability to which you build
them. In the process, Daico also redesigns and
updates them to extend the service while re-
ducing manufacturing costs and improving over-
all performance.

Major Products:
Custom Products in RF/IF and Microwave Fre-
quencies, DC to 18 GHz:
• Control Products: Switches,Attenuators, Phase

Shifters,Antenna Selectors
• Amplifiers: High-Power, Low Noise,

Broadband
• Multifunction Assemblies: Adaptive Gain

Modules, 4-channel Up-converters,
Switchable Filters

• Build-to-Print: Contract Manufacturing

Markets Served:
• Defense: Surveillance,Training, Fire Control
• Aerospace: Radar, Communications, ECM
• Commercial Space: Communications, Payloads
• Industrial: Controls

Last year Daico Industries marked its 40th year serving the
dynamic microwave industry. Just nine years after Microwave
Journal began publishing, Daico began filling a critical need for
high-precision, super-reliable IF/RF and microwave products
and solutions. Early products included switches, phase shifters
and other control products operating in the DC to 18 GHz
range.

Customer-driven Growth:
Over the years, Daico has added to and expanded its large
families of products to provide advanced IF/RF and Micro-
wave Control products and Amplifiers for the ever-demand-
ing Defense Electronics, Aerospace, Commercial Space and
other high-end industries.These custom high-reliability prod-
ucts are integral to the complex operations of major radar,
navigation, communications, fire control, EW and satellite sys-
tems.
Today, Daico offers a broad range of microwave products for
custom solutions in IF/RF and microwave frequencies
through its large and ready families of control products, am-
plifiers and multi-function assemblies.

More Than Design and Manufacturing:
We design, build, test and screen products specifically to
meet customers’ rigorous requirements. Additionally, we offer
build-to-print (contract manufacturing) services. With its sta-

Original location in Dominguez, California

Modern 41,000-sq. ft. facility in Carson, California

1967 TODAY

COMPANY PROFILES: NOW
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Contact Information:

EADS North America Test and Services
4 Goodyear
Irvine, CA 92618
(800) 722-2528
(949) 859-8999
info@eads-nadefense.com
http://www.ts.eads-na.com

We have furthered our presence in the semiconductor mar-
ket through the development of our hybrid and burn-in
testers and have developed the turnkey standard for the US
Navy jet and shaft engine test. EADS North America Test
and Services has gone one step further and introduced a
new N-GEN™ tester that can be used in both military and
commercial engine test applications.
Our company’s mission statement is to enable our cus-
tomers to deliver reliable and technologically advanced prod-
ucts by providing creative solutions that exceed expectations
with consistent results. With our engineering and business
development talent located throughout the world, we are
able to anticipate the challenges our customers will experi-
ence and design, develop, and produce the test products and
systems required for the future.

Company Product Categories:
We design, manufacture, and service modular, test instru-
ments, chassis and switching systems. We provide turnkey
test systems that take advantage of today’s most advanced
hardware and software.These systems
are versatile, scalable, multivendor so-
lutions that are easily upgraded by in-
corporating modular COTS equip-
ment. We can even develop resource
performance verification, calibration,
programs, and system self-tests. Be-
cause our customers have invested great resources in test
programs and fixtures, we continue to service legacy systems
through an eclectic mix of cutting-edge solutions, including
Total System Life Management.
From modular instruments to turnkey automatic test sys-
tems and legacy systems support, we are experts in an ever-
widening spectrum of testing applications.This includes com-
mercial functional test and measurement, laser diode burn-in
and production, microprocessor production, jet engine and
shaft engine test, and communications test. We are able to
address all markets - military, aerospace, telecommunications,
semiconductor, and commercial manufacturing and services.
Testing is our business. Excellence is what we know.

Company History: EADS North America Test and
Services was originally founded in 1959 and became one of
the 13 original Racal Group companies. Originally it was
named Racal-Dana, but ultimately became known as Racal
Instruments.A brief synopsis of our history follows:
1960s: Introduced the industry’s first Auto-Ranging RF
Counter. With over 35,000 instrumentation units deployed to-
date, this established the Company as
the de facto choice for time and fre-
quency measurement instrumentation
worldwide.
1970s: Developed the industry’s
first modular instrument chassis and
plug-in switching cards and patents a novel technique for
phase-locked RF signal synthesis—a method that is still the
basis for all products of this kind today.
1980s: Delivered the first DIANA battlefield-deployable, inte-
grated test and repair mobile platform to the MOD, establishing
a new level of integration and Test Program Software (TPS) per-
formance for the military and commercial markets.
1990s: Commanded a market leadership position within
the Wireless and Broadband/Photonics markets, through an
unprecedented level of innovation in product design in our
GSM base station testers, Air Interface Protocol test systems,
laser diode burn-in stations, and LIV characterization systems.
We also launched our turnkey test system business with the
establishment of a Test Program Set (TPS) group.
Early 2000s: Became a major player in the semiconduc-
tor production market through the development of our
semiconductor burn-in test system. We were purchased by
EADS North America and folded into EADS North America
Test and Services with the former ARC, a leader in legacy
software migration and the former Talon Instruments, a
leader in digital instrumentation.

Company Today:
We are true to our roots and continue to develop state-of-
the-art instruments adapted for the ever demanding and de-
veloping technology market. We continue to upgrade and
modify our existing product lines in a variety of test platforms:
VXI, PXI, GPIB, Eth-
ernet-controlled, and
more. Our company
continues to expand
our wide range of
switch cards for
RF/Microwave, digital
power, and optical
signals.
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A LOOK BACK: 1958

Cost of Living
• Yearly inflation rate US 2.73%
• Yearly inflation rate UK 2.7%
• Average cost of new house $12,750.00
• Average monthly rent $92.00
• Average yearly wages $4600.00
• Cost of a gallon of gas is 25 cents

Popular Films
• The Bridge on the River
Kwai
• South Pacific
• Gigi
• King Creole
•  Vertigo

Popular Singers
• Elvis Presley
• Billie Holiday
• Ricky Nelson
• Frank Sinatra
• The Everly Brothers
• Ella Fitzgerald
• Jerry Lee Lewis

Popular TV Programs
• Candid Camera
• The Ed Sullivan Show
• Come Dancing
• The Jack Benny Show
• Panorama
• Alfred Hitchcock Presents

• By now, more than 45 million
American households have tele-
vision sets.
Miscellaneous

• The John Birch Society, a radical anti-Com-
munist organization, is created in the US.
• Dr. Zhivago is published in the
US. Banned in the USSR, Zhivago
won author Boris Pasternak the No-
bel Prize which he was forced to de-
cline due to political forces at home.

• The price of 1st class US postage
is raised to 4¢ from 3¢ where it
had been for 26 years. Hard to be-
lieve—only a penny in 26 years.
• Charles de Gaulle

becomes premier of France, a po-
sition he will hold until 1969.

(Continued on page 174)
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Contact Information:

HUBER+SUHNER AG
Degersheimerstrasse 14
CH-9100 Herisau, Switzerland
Tel. +41 71 353 4111
Fax +41 71 353 4444
info@hubersuhner.com
www.hubersuhner.com

The company offers technical expertise in radio
frequency, fiber optics and low frequency engi-
neering under a single roof, providing a broad
range of products that can be relied on in the
company’s target markets of communication,
transportation and industrial applications.

Company Product Categories:
HUBER+SUHNER serves the communication,
industrial and transportation markets with ca-
bles, connectors, assemblies, cable systems, an-
tennas and accessories that are developed and
produced utilising fiber optics and high and low
frequency technologies.

Company History: HUBER+SUHNER’s roots lie with
two family-owned companies that were founded in the 19th

century and evolved independently along similar lines. The
Aktiengesellschaft R+E. HUBER, established in Pfäffikon,
Switzerland, in 1882 was a telegraph wire and cable factory
with the additional designation of ‘Rubber and Gutta-percha
Goods Factory.’ The SUHNER & Co. AG was established in
Herisau, Switzerland in 1864 and was well-known for its ca-
bles and cable insulation, plastics compression factory and in-
jection moulding. The two companies merged in 1969 into
HUBER+SUHNER AG, with the corporate philosophy of ‘Ex-
cellence in Connectivity Solutions.’ The company focuses on
the core competencies of radio frequency, fiber optics and
low frequency technologies.

Company Today:
Today, HUBER+SUHNER is a leading global supplier of com-
ponents and systems for electrical and optical connectivity.
The industrial group with its headquarters in Switzerland
was established in 1969. Currently, it operates 17 subsidiaries
and employs 3500 people. It is also represented by 100 dis-
tr ibutor s in additional countr ies. The shares of
HUBER+SUHNER are listed on the Swiss stock exchange
(SWX Swiss Exchange) in Zurich.

COMPANY PROFILES: NOW
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Contact Information:

903 South Second St.
Ronkonkoma, NY 11779
Phone: (631) 467-8400
E-mail: info@ifi.com
Website: www.ifi.com

equipment for Military applications which in-
clude outdoor applications for EW/ECM applica-
tions as well as communications.

Company Product Categories:
IFI manufactures low, medium and high power
amplifiers; CW amplifiers with power levels to
5000 watts and Pulse amplifiers to 50,000 watts.

IFI manufactures a
full range of TWT,
Solid State and
Tetrode Tube Ampli-
fiers, as well as An-
tennas, E-Field Sen-
sors, TEM Cells and
RF & Microwave ac-
cessor ies. These
products are used
for EMC/RF testing

applications for commercial and military pro-
grams as well as Military EW/ECM applications
and are utilized by the automotive, aircraft, mili-
tar y, medical, elec-
tronics, wireless,
communications and
educational markets.
Customers can pur-
chase a complete
solution for all their
testing requirements
from a single source.
IFI is offering “Single
Amplifier Solutions”
from 10 KHz to 3
GHz, 0.8 GHz to 18
GHz and 18 GHz to
40 GHz. These sin-
gle amplifier solutions are ideal for all types of
testing, simplifying the customers’ test setups by
providing time savings for other necessary lab
tasks.

Company History: IFI is a leader in amplifier technolo-
gy, originally founded in 1953, and now the only manufactur-
er building product in-house from DC–45 GHz. The staff of
IFI has several decades of individual experience in amplifier
configurations beginning with devices such as Solid State
transistors of all types, Tetrode Tubes and Traveling Wave
Tubes. Our staff has been involved with the design, develop-
ment and manufacturing of everything from the most basic
test equipment to the most sophisticated military systems.
This abundance of education and experience is what we put
to work for our customers, working in concert to find cost
effective solutions for their requirements.

Company Today:
IFI is located in Ronkonkoma, New York on Long Island and
just minutes from Islip MacArthur airport, and 40 miles from
JFK and LaGuardia airports. IFI is an ISO9001-2000 regis-
tered company and our 14,000
square foot facility is where we
design and manufacture the best
amplifier products available to-
day. We build in accordance to
MIL-I-45208A and can imple-
ment special quality control pro-
cedures as required by the end
user. IFI is actively involved in the
design & manufacture of Solid
State , Traveling Wave Tube
(TWT) and Tetrode tube ampli-
fiers (Pulsed & CW) and contin-
ues with development of low,
medium & high power state-of-the-art products enhancing
our product lines. Our designs are the simplest for cus-
tomers to use, while providing the maximum amount of user
information for the test application. The equipment is de-
signed for any remote control a customer could require,
which is why IFI equipment is used successfully in applications
all around the world.

IFI offers customers the ability of tailor-
ing our products for the required appli-
cation. We can add, delete or configure
our amplifier products to best fit any
customer’s need. See our Amplifier op-
tion list @ http://www.ifi.com/web/html/
amplifiers/ampmain.html. Although most
amplifiers come fully loaded, we contin-
ue our tradition of customizing our
equipment for a customer’s specific ap-
plication. IFI’s experience extends to
ruggedized environmentally protectedRS1802-1KW-500.

T251-1500
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COMMEMORATIVE FEATURE

• NASA is
created and
Explorer is
launched. A
big year for
the US in the
Space Race.
• RIAA awards the very first Gold
record to Perry Como.
• The first ever Grammy Awards!
• Stereophonic recordings, which use
two separately recorded channels of
sound to recreate a sense of space,
come into commercial use.
• Friskees introduces the first dry cat
food.
• Japan’s new Datsun (Model 211)
cars begin shipping to the US but
only 52 will sell. An especially meager
number since in 1958 America will
import 430,808 passenger cars.
• Pope Pius XII declares Saint Clare
of Assisi patron saint of television.
Her placement on the television set is
said to guarantee good reception. 
• Right after that, Pope Pius XII
died. Angelo G Roncalli crowned
Pope John XXIII.

• Harry Winston
Inc. donates the
45.52 carat Hope
Diamond to the
Smithsonian Insti-
tution.

• This is the peak year for drive-in
movies with 4063 outdoor screens na-
tionwide.
• In the worst recession since World
War II, nearly 5.5 million people are
out of work.
• The first women are admitted to
the British House of Lords.
• Bill and Mark Richards of Dana
Point, CA, invented the first skate-
board. They attached roller skate
wheels to a square board and sold
them at their Val Surf Shop for $8
each.
• The first domestic jet-airline pas-
senger service is begun by National
Airlines between New York City and
Miami.
• Rice-a-Roni, The San Francisco
Treat, is introduced.
• 9000 scientists of 43 nations peti-
tion UN for nuclear test ban.

• Prime commercial paper (4 to 6
mos) was at 2.46%. In New York City
a commercial loan ran 4.12%
• Air Force Academy opens in Col-
orado Springs, CO. The all male facil-
ity won’t go co-ed unto 1976.

• Mao Tse Tung starts
“Great Leap Forward”
movement in China
• Charles Starkweath-
er and Caril Fugate go
on their killing spree.
• The National Asso-
ciation of Broadcasters bans sublimi-
nal ads.
• There is a 55.9% business failure
rate.
• The Chevrolet
Impala is intro-
duced.
• Cocoa Krispies breakfast food is in-
troduced by the Kellogg Company;
it’s 45.9% sugar.
• Cocoa Puffs is introduced by 
General Mills; it contains 43% sugar.
• Dr. Ake Senning
installs the first pace-
maker.
• American will im-
port 430,808 passen-
ger cars.
• There are 36,981
motor vehicle related deaths. While
in the air, there were 8 accidents re-
sulting in 125 fatalities.
• Unemployment is 6.8%.
• US GNP (Gross National Product)
is $468.3 billion.

• Dodger catcher Roy Campanella is
paralyzed when the car he was dri-
ving skidded into a telephone pole.
Campanella was the NL’s MVP in
’51, ’53 and ’55.
• The Jolly Green Giant appears on
TV with less than stellar results. In
his first incarnation he looks like a
monster that scares kids. So they
lightened him up and added “Ho, ho,
ho” and the lilting “Good things from
the garden” song.
• Modern consumer
credit is born. The
American Express
Company introduces
a charge card meant
to compete with the
successful Diners Club card. The
Bank of American introduces the
BankAmericard, which will become
the Visa card.
• Crest toothpaste inaugurates the
“Look, Ma! No cavities!” ad cam-
paign.
• Eighteen-year-old Frank Carney
sees a story in the Saturday Evening
Post about the “pizza fad” among
teenagers and college students. With
$600 borrowed from his mother, he
opens the first Pizza Hut in Wichita,
KS.
• On the Air! You’d find 3156 AM
radio, 537 FM radio and 492 TV Sta-
tions.
• 31.3% of all domestic passenger
travel was by railroad; 27.7% by bus;
and 38% by air.
• 30.6% of all advertising dollars are
spent on newspapers—13.3% on TV.
Complete allocation of ad dollars.
• It’s Here! The Hula Hoop.
• Sweet ’n Low is introduced as an
artificial sweetener, using saccharin
instead of sugar. Sweet ’n Low re-
ceived US trademark patent no.
1,000,000.
• Nelson Mandela weds Winnie
Madikizela.
• UP & International News Service
merge into United Press International.
• Vice President Richard
Nixon is shoved, stoned,
booed and spat upon by
protesters in Peru as he
makes a goodwill tour of
South and Latin America.

1958–2008
Other organizations celebrating 

50th anniversaries this year

• Defense Advanced Research Projects
Agency (DARPA)

• National Aeronautics and Space
Administration (NASA)

• Small Business Administration (SBA)
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COMPANY PROFILES: NOW

Contact Information:

Tyco Electronics M/A-COM
1011 Pawtucket Blvd.
Lowell, MA 01853
Americas – Phone: 1-800-366-2266
Europe/Middle East/Africa – 

Phone: 44 (1908) 574200
Asia/Pacific – Phone: 81.44.844.8296

Tyco Electronics M/A-COM offers one of the
broadest selections of standard and custom
products in the industry, including:
Commercial
• RF/microwave diodes, power transistors and

RFIC/MMICs
• Ferrite isolators and circulators 
• Synthesizers 
• Short-range sensors and antenna modules

for automotive applications
• RFID subsystems and active tags
Defense
• High-performance subsystems for missile,

electronic warfare, and radar systems
• Signal intelligence receivers
• Antennas
• Cable assemblies
• Active components
Tyco Electronics M/A-COM enjoys a reputation
for strengths in manufacturing, reliability, and
quality. M/A-COM’s operations are certified to
ISO 9001, ISO 14001,AS 9100, and QS-9000.

Company History: Founded in 1950 by three engi-
neers, M/A-COM began as Microwave Associates in a small
rented office on Columbus Avenue in Boston, Massachusetts.
Launched with just $10,000 in capital, its first customer was
the US Army Signal Corps, which funded R&D for cutting-
edge radar systems. In the years to follow, the company firm-
ly established itself as a technological powerhouse through
continued devotion to investment in research and develop-
ment (R&D).
Focused on the rapidly emerging semiconductor business, M/A-
COM expanded its horizons in the 1960s and 1970s through
strategic acquisitions and the company’s faithful commitment to
R&D. To reflect the evolving nature of the industry and the
company’s involvement in the growing communications market,
Microwave Associates legally changed its name to M/A-COM,
Inc. in 1978. During the 1980s and 1990s, M/A-COM reinvent-
ed itself again, shifting its major business focus from the aero-
space and defense sector to the commercial market. In 1998
M/A-COM changed its name to Tyco Electronics M/A-COM.
Still a major player in aerospace and defense, the company
brought its expertise to the wireless telecommunications and
automotive markets over the past decade.

Company Today:
Tyco Electronics M/A-COM:The First Name in Radio Fre-
quency: As a leader in wireless RF and microwave compo-
nents and subsystems,Tyco Electronics M/A-COM’s products
are vital to many of the world’s largest wireless telecom,
aerospace and defense, and automotive companies.
Tyco Electronics M/A-COM has a long history of realizing syner-
gies between commercial and defense applications, i.e., develop-
ing technologies and products for one market and then applying
them to the other.This “dual use” approach allows the company
to successfully serve both commercial and defense markets.To
ensure responsive customer service, the company’s products
are marketed by a global sales team, including direct sales engi-
neers, sales representatives, and distributors.
On May 13, 2008,Tyco Electronics Ltd. announced the com-
pany has entered into a definitive agreement to sell its Radio
Frequency Components and Subsystem business to Cobham
Defense Electronic Systems, a subsidiary of Cobham plc.

Company Product Categories:
Tyco Electronics M/A-COM’s technology and expertise ex-
tend across a broad range of solutions for the aerospace and
defense, commercial wireless telecommunications, broad-
band, automotive, and RFID markets. Tyco Electronics M/A-
COM products are utilized around the globe in cellular infra-
structure, handsets,WLAN,WiMAX, CATV,VSAT, RFID, auto-
motive, test and measurement, radar, electronic warfare,
missile guidance, and space applications.
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Contact Information:

MECA Electronics, Inc.
459 East Main Street
Denville, NJ 07834
sales@e-MECA.com
www.e-MECA.com

Company Product Categories:
MECA designs and manufactures an extensive
line of RF/Microwave components with industry
leading performance including:
• Adapters
• Bias Tees
• Cable Assemblies
• DC Blocks
• Directional & Hybrid Couplers
• Fixed Attenuators
• Isolators/Circulators
• Power Divider/Combiners
• RF Loads
MECA serves all areas of the RF and Microwave
industr ies including wor ld class network
providers and supporting supply chain infrastruc-
ture, and has long been the “backbone” of high
performance wired and air-interfaced networks
such as base station, in-building applications,
satellite communications, radar, radio communi-
cations, telemetry applications, mobile radio, avi-
ation & air traffic communications.

Company History: After many years as a Senior Pro-
jects Engineer at ITT Federal Laboratories in Nutley, NJ;
Ronald R. Davo founded Microwave Electronic Components
of America in July of 1961.
MECA’s main business focus
through the 1960s and early
1970s was primarily compo-
nents used in radar systems
for the United States Gov-
ernment. During the mid-
1970s, MECA began design-
ing and producing cus-
tomized products for Bell
Laboratories (Murray Hill,
NJ). These components were
utilized in the Series I AUTOPLEX Cell Sites nationally de-
ployed in the late-1980s/early-1990s. Since Ron’s passing in
1992, MECA has remained a privately-owned, family busi-
ness, and his son William (Chuck) Davo is now owner and
President of the company.

Company Today:
MECA is recognized worldwide as a primary source of sup-
ply for rugged and reliable components to commercial
OEM’s, Service Providers and Installers but has also kept true
to the original busi-
ness focus of sup-
por ting Mil itar y
OEMs with Ameri-
can-made products
for L, S, C, X and Ku
bands applications.
Extensive distribu-
tion channels inter-
nationally have in-
creased MECA’s
global presence to a
large extent; however, the key to successfully delivering prod-
ucts to the field on time, every time continues to be MECA’s
unique ability to manufacture cost-effective products without
reliance on foreign materials and labor.The quality and consis-
tency of our products differentiates us from the countless
start-ups & brokers who buy/resell off-shore materials and is
the reason why we proudly offer a 36 month warranty on
ALL of our components.

Founder, Ronald R. Davo.

Catalogs, Then and Now.MECA shop–1965.
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Contact Information:

Micro Lambda, Inc
46515 Landing Parakway
Fremont, CA 94538
P: (510) 770-9221 • F: (510) 770-9213
www.microlambdawireless.com
sales@microlambdawireless.com

Markets Served
• Test and Measurement Instrumentation
• VXI, PXI and VME Miniaturized Instrumentation
• ELINT and SIGINT Receivers
• SATCOM and TELECOM Applications
• LMDS/MVDS Wireless Data & Voice
• Digital Radio

- Point-to-Point
- Point-to-Multi Point

• Radar
• ESM
• ECM & EW

Major Products
• YIG Oscillators 500 MHz to 40 GHz

- Electro-Magnetic
• YIG Oscillators 2 GHz to 20 GHz

- Permanent Magnet
• YIG Filters 500 MHz to 46 GHz

- Bandpass
- Band Reject (Notch)
- Dual Channel
- Permanent Magnet

• YIG Harmonic Generators ( Multipliers) 1 GHz to 20 GHz
• Analog and Digital Interfaces

- TTL Binary
- 3 Wire Serial

• Phase Locked Sources 2 GHz to 20 GHz 
(40 GHz with doublers)
- Fixed Frequency
- Internal Reference
- Tunable

• Frequency Synthesizers 500 MHz–16 GHz
- Wideband Low Noise
- Narrowband Low Noise
- Digital Radio
- Integrated Frequency Doublers

• YIG-Based Sub-Assemblies

Company Description
Micro Lambda Wireless, Inc. was founded in June 1990 with
the purpose of supplying the microwave community with
YIG-Based products that pro-
vide technically superior perfor-
mance at competitive pr ices
with the highest regard to cus-
tomer service and quality.
A privately held corporation, Mi-
cro Lambda Wireless, Inc. has
been formed from a core of in-
dividuals with specialized YIG-
based component experience
combined with analog, digital
and PLL specialists to yield a strong dynamic technical staff.
High volume manufacturing techniques have been imple-
mented across all product lines along with standardized me-
chanical and electrical designs, which lend themselves to low
cost and high volume applications.
Micro Lambda Wireless, Inc. maintains a commitment to Total
Quality Management and Just-In-Time concepts throughout

the organization. Our integrated
manufacturing system combines
sales orders, work orders, ac-
counting, inventory and schedul-
ing. Material planning is support-
ed by an MRP module, which
coordinates subcontractor ma-
ter ial requirements. Product

standardization focusing on a repeatable manufacturing
process enables Micro Lambda Wireless, Inc. to stock materi-
al, allowing for very short build cycles.
Our quality program is based on MIL-I-45208A with internal
procedures written to the intent of ISO-9000 and MIL-Q-
9858. Emphasis is placed on training and each individuals re-
sponsibility to quality from customer service to shipping.
Micro Lambda Wireless, Inc. is a market driven company,
which has been pushing YIG-Technology on a consistent ba-
sis into new and foreign markets
and applications. Consistent
product development based on
“Standard Module Concepts”
has yielded many “State-of-the-
Art” designs and products cur-
rently being deployed in the lat-
est Instrumentation, Wireless
and Military applications around the world.This has lead Mi-
cro Lambda Wireless, Inc. to become the largest indepen-
dent YIG-Based component supplier in the market today.
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Contact Information:

135 Crescent Road
Needham Heights, MA 02494
Phone: 781-292-6680/6684
Fax: 781-453-8629
www.mdllab.com
mdlsales@mdllab.com

Custom work is MDL’s stock in trade. MDL engi-
neers, highly experienced in the very latest Solid-
Works, Ansoft HFSS, and proprietary software,
quickly turn customer design challenges into real
solutions. Using Ansoft HFSS, MDL engineers
compute s-parameters and full wave fields. De-
signs are modeled mechanically on SolidWorks
and then exported directly to the NC machine.
As the microwave industry continues to grow
and the demand for higher frequencies and
smaller, more precise waveguide products accel-
erates, MDL will remain a trusted supplier
known for its exceptional service, high reliability
and leading edge solutions.

Major Products
Custom waveguide assemblies, monopulse com-
parators, rotary joints, microwave filters, rotary
switches, waveguide to coax adapters, waveguide
pressure windows, cast bends and twists, wave-
guide and flanges.

Present at the Dawn of the Microwave Age 
Microwave Development Laboratories has been at the fore-
front of the microwave industry for sixty years, ever since its
inception in the years immediately following World War II.
The company, started in 1948 by Dr. Henry Riblet, a former
mathematics professor and MIT Radiation Lab veteran, quick-
ly became the largest independent producer of waveguide
and subassemblies in the industry.
Dr. Riblet’s life work with MDL resulted in many patents on me-
chanical and electrical devices and many contributions to the
theory and applica-
tion of microwave
circuitry. None of his
contributions proved
more enduring than
the shor t-slot cou-
pler, known through-
out the industry as
the Riblet Coupler.
The Riblet Coupler
proved to be a foundational component for the microwave in-
dustry and is still found in microwave systems today.
Throughout its history MDL has led the industry with imagi-
native and innovative microwave solutions. In the 1950s MDL
was among one of the first companies to design rotary
joints. For NASA’s Apollo moon program in the 1960s MDL
designed a thin wall monopulse comparator for the Lunar
Excursion Module, the lander portion of the Apollo space-
craft. In the 1970s MDL developed waveguide feed and
monopulse networks for the F-14 and F-15 fighter aircraft. In
the 1980s the company introduced internally milled technol-
ogy to reduce the size and weight and improve the perfor-
mance of MDL components used in the radar systems on
the F-18 and B-2 aircraft.

Quality from CAD to Crate
Today MDL’s product lines include waveguide assemblies
used on unmanned vehicles such as the Predator and Global
Hawk, the Patriot system and Phalanx close-in weapon sys-
tems.All are engineered and manufactured at MDL’s state-of-
the-art manufacturing and testing facility, which includes in-
house NC machining, Dip Brazing and Finishing, and where
all products undergo 100% functional performance verifica-
tion and R.F. testing using the latest network analyzers.
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Contact Information:

Microwave Journal
685 Canton Street
Norwood, MA 02062
781-769-9750
mwj@mwjournal.com
www.mwjournal.com

brought dynamic
new platforms for
the delivery of infor-
mation. Microwave
Journal led the mar-
ket with the fir st
website to serve the
industr y and the
first digital edition in
the industr y. The
website now serves
more than 50,000
registered users and
the digital edition 
is becoming ever
more popular. Sev-
eral eNewsletters
provide subscribers
with current news and product information. Webinars, in-
cluding the popular MWJ/Besser series present tutorials by
distinguished speakers at no cost. Industry events are cov-
ered with Online Show Dailies and event “wrap-ups” for
those unable to attend. It’s been an exciting fifty years, and
the next half century looks to be just as exciting.

Company Product Categories:
Microwave Journal serves the RF and microwave design engi-
neering community with a portfolio of print and electronic
products that deliver news, technical information and re-
sources in daily, weekly and monthly formats.

Company History: Microwave Journal published its first
issue in July of 1958. Founder and Publisher William Bazzy
declared that “Our objective is simply to offer a forum to the
industry and be the means of communication for the people
in this segment of the electronic field.” Led by Editor Ted
Saad, a distinguished group of associates contributed their
knowledge and tal-
ent to the pages of
MWJ, sharing their
exper tise on the
cutting edge prod-
ucts and technolo-
gies of the time.The
fir st issue carr ied
several now “classic”
ar ticles, includ-
ing “The Forward 
Look in Microwave
Plumbing” by Tore
Anderson, reprinted
earlier this year as
par t of our retro-
spective ser ies. It
carried twenty three
ads in its fifty pages
and was distributed
to 12,000 micro-
wave engineers.

Company Today:
Microwave Journal celebrates its 50th year in print this month,
and has established itself as the leading news and information
resource for RF/microwave engineers worldwide. Today, the
magazine reaches 50,000 readers in more than sixty coun-
tries, and carries more than two hundred pages of content
each month. The publishing industry has certainly changed
over the past fifty years, with the most dramatic change com-
ing in recent years. The emergence of electronic media has

unded in 1958

www.mwjournal.com
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Contact Information:

3200 Highland Ave., Suite 300
National City, CA 91950
T: 619-474-7500, F: 619-474-4600
www.microwavesolutions.com

holds this reputation by maintaining strong rela-
tionships with our suppliers and a strong engi-
neering base, state-of-the-art manufacturing facil-

ity, and a professional staff
dedicated to the principle
that the key to satisfied
customers is product quali-
ty, competitive prices and
on-time delivery. Our con-
tinued success, both in
terms of growing sales and
number of satisfied cus-

tomers, stands as validity of our approach to ex-
cellent customers’ service.
• Today, our mission remains the same: To supply
the highest quality microwave components at
the lowest possible prices.

Company Product Categories:
Our core products are still primarily custom mi-
crowave amplifiers. But we’ve also leveraged that

capability into building a
large variety of related
products, such as mod-
ules that have phase
shifters, couplers, filters,

gain control, limiting and
other microwave circuit
functions in addition to amplification.

Company History: The name was chosen because we
wanted to show we recognized that our real mission wasn’t
just providing hardware, but rather that we were solving a
customer’s technical problems.
The year 1984 was a good year to start a new microwave
amplifier company! We knew this because right away we no-

ticed we had a lot of com-
petitors who were also re-
cent start-ups. Our first order
was from a major aero-space
company for a dozen each of
a thin-film amplifier operating
at a classified Ku-band fre-
quency. At that point we
were basically just a three
person company, the founder,
one assembler and one tech-
nician, so for us, this was quite
a technical, engineering, man-
ufacturing and administrative
c h a l -
l e n g e !
We had

to really work to get our Q/A and
manufacturing capabilities qualified by

our customer while
at the same time
doing the engineer-
ing designs and get-
ting all the paper-
work completed for
our security clearance and all the other
government regulations. Not only did we
successfully complete that order but we
were subsequently awarded additional
contracts for hundreds of more units
from that same customer sometimes

competing, successfully, for the business against companies
that had thousands of employees.

Company Today:
Now in our twenty-fourth year, Microwave Solutions, Inc.®

continues to have the reputation for demanding the highest
standards for our products. Microwave Solutions, Inc.® up-

Founder and President:
Edward M. Teyssier

1st order: with Motorola, November 1985

Early products, still available today

MSI early years, May 1988

MSI 20 years

Some of todays products

COMPANY PROFILES: NOW
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Contact Information:

Mitsubishi Electric Europe B.V.
Gothaer Str. 8
40880 Ratingen
Germany
Tel: +49 2102/486 0
Fax: +49 2102/486 1120
Semis.info@meg.mee.com
www.mitsubishichips.com

European Business Group operates all sales and
export activities for Western and Eastern Eu-
rope, Russia and South Africa. The company’s
success is a result of expertise in the High Fre-
quency, Opto and Power Semiconductors prod-
uct areas. Quality and reliability are core values
and we have achieved ISO 9001 cer tification
continuously since 1995. In the field of High Fre-
quency semiconductors we have more than 25
years of experience in GaAs technology. High
power GaAs FETs are typically used as power
amplifiers in radio links and satellite communica-
tion systems, while integrated GaAs circuits
(GaAs HBT MMICs) are used in large volumes
as amplifier s for UMTS mobile phones or
WiMAX terminals. Our low noise GaAs HEMTs
are used as amplifiers for satellite receivers
(DBS) and automotive radar. The key applica-
tions for MOSFET modules and transistors are
analogue and digital communication systems like
TETRA.

Company Product Categories:
• High Frequency Semiconductors
• Low Noise HEMTs
• High Power GaAs FETs
• GaAs HBT MMICs
• MOSFET Modules and Transistors

Company History: Mitsubishi was founded by Yataro
Iwasaki in 1870. He began by leasing three steamships, thus
founding a transport company and establishing Mitsubishi with
a firm base in the ship-
ping industr y. Iwasaki
chose the three dia-
mond-mark as the em-
blem for his company.
In 1921, when Mitsubishi Shipbuilding Co. began making elec-
tric motors for ocean-going vessels the Mitsubishi Electric
Corporation was formed. In the 1930s Mitsubishi Electric
started manufacturing and installing elevators and escalators
and continued to grow. By 1960 the company had emerged
as one of the most innovative electrical equipment manufac-
turers in Japan. Subsequently Mitsubishi Electric became a
world leader in developing, manufacturing and marketing
electronic and electrical equipment.
In 1978 Mitsubishi Electric Europe GmbH was established as
a wholly owned subsidiary of Mitsubishi Electric Corporation
in Ratingen, Germany to take over all the European sales and
marketing business. In 1996 Mitsubishi Electric Europe B.V.
was founded. It has nine divisions in the fields of Air Condi-
tioning, Automotive, Electronic Visual Systems, Industrial Au-
tomation, Semiconductors and others.

Company Today:
Today Mitsubishi Electric has bases for production, sales and
other operations in over 110 locations worldwide. It is a
global giant with operations in 35 countries with more than
100,000 employees. The Mitsubishi Electric Semiconductor

Kita-Itami Works, Japan.

The origins of the Mitsubishi logo.
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Contact Information:

3650 Spectrum Blvd., Suite 170
Tampa, FL 33612
Phone: 813-866-6335
Fax: 813-558-1102
www.modelithics.com
info@modelithics.com

• IC-CAP, and all major microwave EDA tools
• Spectrum analysis through 110 GHz
• Impedance measurements from 1–3000 MHz
• High-power testing capability (up to 300 W

in some bands)
• Hybrid assembly (solder re-flow, wire-

bonding, epoxy match)
• On-wafer, chip and packaged devices
• Custom fixture and calibration standards

design

Company Product Categories:
CLR LIBRARY™
Models for Surface Mount RLC

NLD LIBRARY™
Non-linear Models for :Varactor Schottky, PIN
Diodes

NLT LIBRARY™
Nonlinear Transistor Models for : FET, BJT, HBT

SLC LIBRARY™ 
Linear and Non-linear System Component
Models for : Filters, Switches,Amplifiers, Mixers

Company History: Founded in 2001, Modelithics has
provided products/services to over 180 corporations, includ-
ing repeat business with Fortune 500 companies like: Boeing,
Nor throp Grumman, Du Pont, Motorola, Honeywell,
Raytheon, and EMC Corporation, as well as several other in-
dustry leaders such as Tyco Electronics, Harris, Cree, Vishay,
American Technical Ceramics, RFMD, Sennheiser, Triquint,
NXP, Mitre and Draper Laboratories among many others.
Modelithics also has alliances with several leaders in RF/MW
instrumentation and software, including: Anritsu, Accent, Agi-
lent Technologies, Ansoft, AWR, Cadence, J-Micro Technolo-
gies, GGB Industries, Keithley, and Maury Microwave. The
company supplements its in-house modeling capabilities with
its strong network of highly-experienced external consultants
and partners.

Company Today:
Modeling Expertise
• Experience in all common device formats: wafer-level, die

& package
• Linear, non-linear & noise model development
• Silicon & III-V FET characterization model extractions:

LDMOS,VDMOS, CMOS, GaAs, GaN, InP HEMTs
pHEMTs, etc.

• Silicon and III-V, BJT/HBT Characterizations/Extractions
Silicon, SiGe, GaAs, InGaP, etc.

• Extensive background in packaged & surface mount
component modeling

• Complete coverage of passive modeling (surface mount,
discrete and IC)

• Behavioral modeling for sub-system blocks (e.g. IC
amplifiers, switches, mixers)

• Broad expertise for model library implementation in
RF/Microwave EDA tools

Instrumentation & Characterization Capabilities
• S-parameter measurements for 30 kHz–110 GHz, –50C

to 200C; 4-port capability to 26 GHz
• Load- and source-pull in multiple bands from 200

MHz–110 GHz (power,TOI, efficiency, etc.)
• Noise parameter measurements through 26 GHz; noise

figure measurement 10 MHz–40 GHz (higher frequency
as custom); 1/f through 1 MHz

• Manual & semi-automatic on-wafer RF probing systems
• DC-IV, CV and pulsed IV

COMPANY PROFILES: NOW
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Irka Zazulak

Contact Information:

105 East Jarrettsville Road
Forest Hill, MD
Phone: 410-879-6553
Fax: 410-838-7629
www.modularcomp.com
sales@modularcomp.com
A Woman-Owned Business

to requests for pricing, engineering assistance and prototypes con-
centrating on customer satisfaction.
Investing in a highly skilled staff of engineers and support personnel,
over $2,000,000 in capital equipment, and a state-of-the-art clean
room for pristine assembly, MCN combines manufacturing exper-
tise with a range of advanced and innovative production systems.
The company offers a unique in-house machine shop for the milling
and drilling of thick metal back and metal core multilayer designs.
Two custom designed CO2 lasers, developed internally using
MCN’s proprietary technology, incorporate a high-tech vision sys-
tem for precise, smaller radii cuts on Teflon materials. MCN recently
acquired an MKII Plasma Etch System to accommodate high-speed
through hole preparation, contributing to overall process consisten-
cy.The MKII will be used in processing a variety of boards including
mixed dielectrics, multilayers, PTFE and PTFE multilayers of any size
and configuration for both the commercial and military markets.
The high-speed MKII etching process ensures critical uniformity in
board production.
With a broad range of product offerings, expanded capabilities and
capacity in assembly and test, plating, precision etching, and internal
laser cutting, MCN is now the preferred soft substrate supplier to
leading OEMs worldwide.
The future of microwave technology starts at MCN. From concept
through production, standard to complex, MCN’s investment in cut-
ting-edge equipment, highly-skilled engineering personnel and a cus-
tomer friendly support team, guarantees complete satisfaction for
each customer’s unique requirements.The needs of the microwave
industry are constantly changing. Modular Components National
continues to meet those needs. But the dedication to microwave
technology will never change. MCN’s commitment to the future will
always remain the same.

Products

• Fine Line Etching
• Laser Routing and Drilling
• PTFE and Hybrid Multilayer Construction
• Microstrip and Housing Assembly
• Pre and Post Bonded Circuits with Aluminum Backing
• Screened Resistors, Blind and Buried Vias

Company History: Modular Components National (MCN)
was founded in 1981 in Massachusetts by Irka Zazulak and her hus-
band Peter, with a focus on the future of microwave technology,
providing quality products and engineering expertise for both the
commercial and military markets. Peter who was then an engineer
at Raytheon realized the needs in product and technology facing a
fledgling microwave industry. His knowledge and experience in mi-
crowave technology enabled him to design and develop microwave
circuit boards, matching materials and processes, to accommodate
critical performance in any application. In 1985, as the company
continued to grow, MCN relocated to a larger facility in Forest Hill,
Maryland where it is still headquartered.
After Peter’s death, Irka maintained ownership fostering MCN’s
dedication to the microwave industry through the development of
cutting-edge products and technologies. MCN purchased Mi-
crowave Printed Circuit Company in Lowell, Massachusetts in 1997.
The two companies grew together to become the industry’s lead-
ing microwave circuit board fabricators.This merger of skills and ex-
pertise enabled the new entity to analyze, master and enhance any
technological challenge to the science of PTFE circuit fabrication. As
part of a corporate growth strategy to encourage lean manufactur-
ing and shorter lead times, in 2005 the Lowell facility consolidated
with the headquarters in Forest Hill to expand capacity, and stream-
line operations for efficiency and cost-effectiveness.
MCN’s value-added assembly and test operation was developed to
accommodate prototype and short production runs, and eliminate
costly, time consuming full line assembly when applicable. By special-
izing in the assembly of microwave and RF components, the skilled
technicians at MCN have the experience and training required to
complete build to sketch, or build to print designs.The engineering
staff can also assist with product design or provide a turnkey design
through assembly option. MCN is an ISO9001:2000 certified facility
with AS9100 certification pending.
A six acre tract of land has been purchased in Forest Hill for the
construction of a new manufacturing facility to accommodate the
increase in volume that MCN continues to experience each year.

Company Today:
With well over 25 years of service to the microwave industry, Mod-
ular Components National remains dedicated to providing quality
products and cutting-edge processes for microwave applications.
MCN’s ability to anticipate and fulfill the changing needs in mi-
crowave technology has earned the company an established place
as a worldwide leader in the manufacture of microwave circuit
boards for the defense and commercial telecommunications mar-
kets. MCN’s recent increase in capacity will foster growth in the au-
tomotive, aerospace, and medical markets. MCN offers rapid proto-
typing and fast delivery of production runs with rapid response to
requests for pricing, engineering assistance and prototypes, concen-
trating on customer satisfaction. MCN guarantees a rapid response
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Contact Information:

Molex Incorporated
RF Products
1500 Hancel Parkway
Mooresville, IN 46158-8296
(317) 834-5600
Email: rf@molex.com
www.molex.com/product/rf.html

We leverage extensive worldwide resources to meet cus-
tomer needs on a local, regional and global level. We have
strong, well-established sales, product development and man-
ufacturing resources in Asia, Europe and the Americas. Our
engineering, development and manufacturing capabilities are
organized into product divisions.
• Transportation Products Division: Focuses on interconnection
for advanced engine, cockpit and infotainment functions in
automobiles and other transportation equipment.
• Commercial Products Division: Handles multi-market prod-
ucts for a diverse range of applications.Today, the division fo-
cuses its new product development on high-speed, high-den-
sity, high-signal-integrity interconnect applications.
• Micro Products Division: Known for developing the smallest
connectors in the world, focused on the portable digital
product applications.The division is headquartered in Japan.
• Automation and Electrical Products Division: Specializes in
harsh-environment technology for factory automation, pow-
er, temporary lighting and ergonomic products in industrial,
construction and other applications.
• Integrated Products Division: Produces higher-level assem-
blies utilizing Molex interconnect technologies, typically in
printed circuit board, fiber optic, flex circuit, RF and other ap-
plications.
Within the Global Integrated Products Division is our RF Prod-
ucts Business Unit. This rapidly growing entity provides RF and
Microwave Connectors and Cable Assemblies to a wide range
of markets and geographies. In addition to standard coaxial con-
nectors, Molex has developed an impressive offering of multi-
port coax and custom solutions.
This business unit is headquartered in Indianapolis, Indiana and
also manufactures products in Asia. Our customers and markets
are global and cover many applications including wireless infra-
structure, telecommunications, computer, automotive,
HDTV/video, test and measurement, medical, military and more.

Company Product Categories:
Molex RF Products include a wide range of styles and sizes,
from our very small Microcoaxial RF, SSMCX, MMCX and
MCX; up to DIN 7/16. Coaxial cable assemblies are available
in 50 and 75 Ohm with flexible and semi-rigid cable options.

Company History: The late Frederick A. Krehbiel
founded the Molex Products Company in Brookfield, Illinois,
in 1938. He named the company after Molex, a plastic mate-
rial he developed, and soon was manufacturing a variety of
products from this material, including clock cases, flowerpots,
valve wheels and salt tablet dispensers.
In 1940, one of Frederick’s sons, John H. Krehbiel, Jr., joined
Molex and soon recognized the importance of this material’s
excellent electrical insulating properties. Later in the decade,
Molex added metal stamping to its molding processes, result-
ing in its first connector assembly for Hotpoint/GE home ap-
pliances.
In the 1950s, Molex rapidly penetrated the appliance market
with its low-cost connector terminal blocks. The company
launched its first plug-and-receptacle connector line in 1953.
Through the rest of the decade, Molex continued to expand
its product offerings in the commercial and consumer goods
markets.
In 1960, the company introduced its first nylon plug-and-re-
ceptacle line, marking its evolution from a manufacturer of
material called Molex to an electronics corporation named
Molex.
By 1967, Molex had established an international division,
opening its first plant in Japan in 1970 and its second in Ire-
land in 1971. Today, more than two-thirds of annual Molex
revenues are derived from products manufactured and sold
outside the United States.
Molex kept pace with the growth of the electronics industry
in the 1980s by expanding its product lines to better serve
the computer and business equipment markets. The compa-
ny also established itself as a preferred supplier to the auto-
motive industry.
In the early 1990s, Molex again proved its versatility by en-
tering global growth industries such as telecommunications,
industrial automation and premise networking.
More recently, Molex has expanded and strengthened its po-
sition in key markets through a variety of strategic acquisi-
tions, as well as organic growth. In 2006, Molex made its
largest acquisition to date by acquiring Woodhead Industries,
increasing its presence in factory automation and other in-
dustrial, harsh-environment applications.

Company Today:
Molex is a leading one-source supplier of interconnect prod-
ucts. Our team of more than 33,000 highly skilled individuals
is focused on the design, development and distribution of in-
novative solutions critical to products that touch vir tually
every walk of life. Our portfolio is among the world’s largest
with over 100,000 reliable products, including everything
from electronic, electrical and fiber optic interconnect solu-
tions to switches and application tooling.

Molex Incorporated
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Contact Information:

Narda Microwave
435 Moreland Road
Hauppauge, NY 11788
(631) 231-1700
www.nardwamicrowave.com
E-mail: nardaeast@L-3com.com/east

nents, microwave integrated circuits (MICs), high-
ly-integrated multi-function assemblies, and com-
plete subsystems over a frequency range of DC
to 60 GHz. The company’s products are em-
ployed in commercial and military applications
on land, at sea, in the air, and in space. Narda is
also a leading manufacturer of fiber optic modu-
lator drivers and oscillators for OC-768 applica-
tions and other products for lightwave applica-
tions at up to 100 Gb/s. The company has for
decades been the leader in RF safety products
for monitoring the compliance of RF and mi-
crowave emitters with recognized international
standards and guidances. Narda’s presence in this
area was further strengthened in 2000 with the
acquisition of the safety test solutions product
group of Wandel & Goltermann. Narda Safety
Test Solutions holds 95% of all patents for EMF
measurement, and its instruments are consid-
ered the standard of reference by industry as
well as government agencies worldwide.

Major Products
• Microwave components
• Microwave integrated circuits
• RF safety products
• Satellite communications products

Narda Microwave: 55 years strong
In February 1953, just a few months after The Saddlemen be-
came Bill Haley and His Comets, four design engineers armed
with a $20,000 engineering services contract formed Nassau
Research & Development Associates. From these inauspicious
beginnings in the back of a machine shop in Mineola, NY, the
company steadily broadened its product line from instruments
to passive components to multifunction subsystems. It was
one of the first microwave manufacturers to exploit the bene-
fits of GaAs-based devices, introducing the world’s first 6-to-18
GHz low-noise GaAs FET amplifier. Narda also created the
world’s first solid-state sweep frequency generator, as well as
dozens of other innovations that would propel Narda’s sales
and influence both in the US and throughout the world. In
1967, Narda became a publicly-traded company on the Amer-
ican Stock Exchange, which further spurred its growth both
organically and through acquisition. Narda itself was later ac-
quired by Loral Corp., which later was integrated into Lock-
heed Martin.When L-3 Communications was formed in 1997
Narda was one of its 10 original business units. L-3 Communi-
cations today is the sixth largest defense contractor in the US,
with an extremely diversified product and services portfolio
and 2007 sales of $14 billion.

Narda Microwave Today
Narda Microwave has a more diversified product portfolio
than at any time in its history, and maintains the world’s
largest inventory of RF and microwave components, many of
which are available from stock. Narda designs and manufac-
tures state-of-the-ar t RF and microwave passive compo-

Narda’s first facility, in Mineola, NY

Narda’s 150,000 square foot facility in Hauppauge, NY
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Contact Information:
Headquarters
721-1 Maeda 
Fuji-City, Shizuoka, 416-8577 Japan 
Tel: +81-545-31-2600
Fax: +81-545-31-1600
E-Mail: info@rkco.jp
http://rk-microwave.com (Japanese)

now proudly sup-
plies state of the art
GaN power amplifiers to the worldwide market.
The contribution of this technology is to reduce
power consumption and manufacturing cost, es-
pecially for broadband high power amplifiers.
R&K continues to develop new products using
the latest technology with the aim of shaping the
future development of wireless communication
and the RF and microwaves industries.

Company Product Categories:
R&K’s main product categories are:
• High Power Test Systems
• Broadband High Power Amplifiers
• Surface Mount Components
• Small Signal Amplifiers
• GaAs FET/GaN Amplifiers 

Company History: R&K Laboratory was founded  by
Reichiro Kobana in August 1977 and began shipping RF dou-
ble balanced mixers in late 1978. His mission was to develop
unique RF and microwave products for academic and com-
mercial applications in Japan.
R&K Laboratory became R&K Company Limited in February
1980, when it began manufacturing custom products for nu-
clear fusion PLAS-
MA,Very Long Base-
line Interferometry,
Magnetic Resonance
Imaging systems and
Electron Spin Reso-
nance. In 1996 R&K
started to ship pow-
er amplifier s for
PHS base stations in
response to the
fast-growing wireless
commun i c a t i on s
market in Asia.To date the company has shipped more than
2,110,000 power amplifiers for PHS base stations.
The 8-story main factory was completed in January 2002,
with an additional 10-story second factory constructed
alongside in August 2004. R&K has a quality management sys-

tem that operates in accordance with
ISO 9001:2000, which was cer tified by
RCJ-QA in February 2007.

Company Today:
R&K currently manufactures small RF
components as 8-pin packaged and sur-
face-mountable products, connectorized
components, broadband power amplifier
products and analog phase shifters. It also
manufactures a variety of custom prod-
ucts for frequencies ranging from10 kHz
to 15 GHz at power levels from 1 mW
to 10 kW .

The company was also one of the first to release GaN pow-
er amplifiers for communication and EMC applications and

US Sales Partner
Seki Technotron USA 
2220 Martin Avenue
Santa Clara, CA 95050
Tel : +1-408-986-9190
Fax : +1-408-986-9191
www.sekitechusa.com
e-mail: sfumo@sekitech.com
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Contact Information:

8031 Cessna Avenue
Gaithersburg, MD 20879
301.519.3660
reactel@reactel.com
www.reactel.com

and has expanded their list of products offered.
Recent additions include “flat pack” combline fil-
ters, monoblock ceramic filters and ceramic
diplexers.These new products enhance their full
line of tubular, LC, cavity, combline, waveguide,
and suspended substrate units as well as
switched filter banks and integrated sub-assem-
blies. While the geographic location has hardly
changed, the manufacturing space certainly has.
Reactel is currently housed in a 15,000 square
foot state-of-the-art facility which contains all
facets of its operation. As a testament to their
focus on quality, Reactel was one of the first filter
manufacturers to receive ISO-9001 Certification,
having done so in 1996, and maintains that certi-
fication to this day.

Company Product Categories:
Reactel manufactures RF and Microwave filters,
multiplexers, switched filter banks and sub-as-
semblies for military, commercial and industrial
markets.

Company History: The roots of Reactel, Incorporated
began when founder Emanuel (Manny) Assurian was em-
ployed as an Engineer by suburban Washington, DC filter
manufacturer I-tel in the mid 1960’s. Eventually, Manny was
named President of CIR-Q-TEL (I-tel’s new name) and re-
mained there for several years. In 1979, Manny decided to go
out on his own and formed Reactel, Incorporated. A former
colleague, Don Claycomb, joined him in this new venture.
Founded in 1979, Reactel, Incorporated grew from a two
man operation located in less than 1000 square feet of man-
ufacturing space into one of the industry leaders in the de-
sign and manufacture of RF and Microwave filters, diplexers,
switched filter banks and sub-assemblies. Reactel’s goal has
always been to provide high performance units that are reli-
able and cost effective. Individual engineering attention and
support has been a staple of the company from the begin-
ning. Reactel takes great pride in their thousands of satisfied
end-users, which range from other small businesses to large
multi-national corporations to prime defense contractors.
Reactel has separated itself from other manufacturers by of-
fering hard-to-do, custom, application specific units in a timely
fashion. Reactel has the ability to tailor their filters to meet
your system’s unique requirements.

Company Today:
Building on their first 9 unit order for COMSAT totaling
$1086.00, Reactel continues to broaden its customer base

Manny Assurian.
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Contact Information:

315 South Allen St., Suite 222
State College, PA 16801
Toll free (US/Can): 888-7-REMCOM
Tel: 814-861-1299
Email: sales@remcom.com
Web: www.remcom.com

ment Services Division develops and maintains government-
owned software with applications in radio propagation pre-
diction and general electromagnetic analysis. In addition,
Remcom has em-
phasized a strong
focus on providing
custom engineered
solutions for cus-
tomers that need
specific functionality.

Company
Product
Categories:
Remcom’s technical
core competencies
are our electromag-
netics knowledge base and software development expertise.
Our products are used in a wide variety of markets and ap-
plications, including:
• Antenna Analysis/Design
• Bio-Medical/EM Effects
• EMC/EMI
• Guided Wave Devices
• Implantable Devices
• Lens Design
• Microwave Circuits
• Photonics
• Ray Tracing
• Scattering
• Specialized Materials and Components
• Ultra Wideband Devices
• Wireless and Radiowave Propagation
• Wireless Communication
As a result of diversified expansion in research and commercial
development of our products and services, Remcom has be-
come an established center for innovation. Our business philos-
ophy is to satisfy our customers by delivering exceptional quality,
unmatched reliability and state-of-the-art software and services,
all backed by our comprehensive customer support.

Company History: Remcom has been a pioneer in the
field of electromagnetic simulation since it was founded in
1994, introducing the first commercial FDTD solution. Ray-
mond Luebbers and his graduate students H. Scott Langdon
and Christopher Penney formed Remcom as an extension to
the research that they were conducting at the Pennsylvania
State University. They discovered that a need existed for a
product that combined a user-friendly graphical user inter-
face (GUI) with the power of the Finite Difference Time Do-
main (FDTD) method. The result is XFdtd,® a full wave 3D
electromagnetic solver with unique, true MPI capability.
Using the experience gained in bringing XFdtd to market,
Remcom continued to develop additional methods for solving
difficult electromagnetic problems and began to offer an even
wider array of electromagnetic analysis tools. A continual in-
vestment in product development guided by strong customer
relationships has enabled Remcom to grow into a market
leader in both innovation and providing exceptional service.

Company Today:
Today, Remcom’s products are used by organizations of all
sizes, from multi-national corporations to small consulting
firms. Our software licensing is flexible enough to accommo-
date any team structure, from single-office installations to
globally accessible license servers. We are proud of our evo-
lution to a full service partner, providing a suite of innovative
software and services, accessible and responsive support
provided by a staff of experts, and comprehensive training.

Our family of products includes:
• XFdtd®:Allows larger and faster computations than any

other solver via the capability of computer clusters.
• XStream®:Acceleration hardware that dramatically

shortens the calculation times for many projects, including
non-trivial geometries.

• XGtd®:A high frequency GTD/UTD based package for
the design and analysis of antenna systems.

• Wireless InSite®:A radio propagation analysis package for
analyzing the impact of the physical environment on the
performance of wireless communication systems.

• VariPose®:A geometric modeling package for the
manipulation and refining of high-resolution human mesh
models for the medical and biomedical markets.

• Rotman Lens Designer®:A tool for the design, synthesis,
and analysis of Rotman Lenses and their variants based on
Geometrical Optics combined with the classical Rotman
Lens design equations.

While maintaining focus on our software products, Remcom
is also active in consulting and contract efforts. Our Govern-
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Contact Information:

7628 Thorndike Road
Greensboro, NC 27409
336-664-1233
www.rfmd.com

(MPG) significant competitive advantages by enabling large
scale manufacturing, rich technology innovation and a deep
knowledge of system architectures. MPG leverages these
strengths to focus on a diverse set of RF, microwave and milli-
meter wave component opportunities across a broad range
of markets, including wireless infra-
structure, broadband, Wi-Fi and
WiMAX, consumer, and aerospace
& defense.
RFMD is a recognized leader in high-
performance semiconductor compo-
nents, supporting multiple industry
segments with a total addressable
market (TAM) exceeding $20 billion
and growing. RFMD continues to
expand its product offerings and
addressable markets, which leverage
its unique core competencies. Its core markets are fast-growing
and lucrative, providing the opportunity to increase the value of
RFMD for its customers and stakeholders.

Company Product Categories:
• Cellular Front End Components
• Wireless Infrastructure Components
• Broadband/CATV Transmission Products
• Broadband/CATV CPE Products
• Wi-Fi and WiMAX Components
• Aerospace and Defense Components
• Switches/Switch Filter Modules
• PLLs and VCOs
• Microwave Amplifiers
• Low Noise Amplifiers
• High Power Amplifiers
• Passive RF Devices  

Company History: In 1991,William (Bill) J. Pratt, Powell
T. Seymour and Jerry D. Neal founded RF Micro Devices® in
Greensboro, North Carolina. Their mission was to bring
gallium arsenide (GaAs) heterojunc-
tion bipolar transistor (HBT) tech-
nology to the burgeoning wireless
communications semiconductor
marketplace, also in its early stages
of growth. By 1995, RFMD® had
become a recognized leader in the
development of advanced commu-
nications technology for cellular
handsets, and, by 1996, the Compa-
ny’s GaAs HBT power amplifiers—
pioneered by Bil l Pratt—had 
become the gold standard for amplification in digital cellular
handsets. RFMD grew rapidly and, in September 2000,
Fortune magazine recognized RFMD as the second fastest-
growing company in America, with revenue of approximately
$325 million. In April 2007, RFMD reported revenue of 
approximately $1 billion.
Soon thereafter, RFMD formed the Multi-Market Products
Group (MPG), with the aim of leveraging into multiple indus-
tries their leadership in the design and manufacture of RF
components and compound semiconductor technologies. In
November 2007, RFMD completed the acquisition of Sirenza
Microdevices, significantly bolstering its diversification efforts
and creating the world’s largest, most diversified and best-
positioned RF company.

Company Today:
In 2008, RFMD will proudly celebrate its 17th year as a
provider of high-performance semiconductor components. In
the cellular handset marketplace, RFMD delivers its industry-
leading cellular front ends to all of the top-five mobile device
manufacturers, with an estimated 45 percent of the world’s
handsets containing an RFMD power amplifier. RFMD’s Cellu-
lar Products Group (CPG) remains focused on its core, high-
volume cellular front end business while pursuing other
opportunities to diversify its cellular components portfolio.
CPG’s business provides the Multi-Market Products Group
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Contact information

Advanced Circuit Materials Division
100 S. Roosevelt Ave.
Chandler,AZ 85226
Phone: 480-961-1382 • Fax: 480-961-4533
e-mail: litacm@rogerscorporation.com
www.rogerscorporation.com/acm

Advanced Circuit Materials

The world runs better with Rogers®.

Company Product Categories:

High Frequency/High Performance Laminates
Applications for Rogers’ High Frequency Circuit Laminates
include linear power amplifiers and antennas for cellular and
PCS base stations, low noise block down-converters for di-
rect broadcast satellite television receivers, phased array an-
tennas, radar systems and high performance wireless compo-
nents. Rogers’ high frequency laminates are also used in high-
speed digital applications where signal integrity is critical.
Product Brands:
RO4000,® RO3000,® RT/duroid,® ULTRALAM® High Frequency
Circuit Materials

Thin Dielectric/Flexible Materials
Rogers’Thin Dielectric/Flexible Materials are used in high lay-
er count printed circuit boards for high speed digital and
semi-conductor packaging applications. In addition, they are
used in a variety of consumer applications including hard disk
drives, cellular phones, laptop computers and PDAs.
Product Brands:
R/flex JADE,® R/flex,® R/flex CRYSTAL® Flexible Circuit Mate-
rials, R/flex® 8080 Photoimageable Covercoats
(All Rogers ACMD products are consistent with ROHS directives and China’s Electronic
Information Products Standard.)

50 Years of History:
In 1958, when the first issue of Microwave Journal came out,
Rogers Corporation was already producing products for the
nascent electronics market. At the time Rogers’ DUROID™
line of fiber-reinforced polymer materials were being used in
gaskets and electrical insulation. DUROID brand products
like RT/duroid® 5870/5880 and DUROID 5600 went on to
find wide usage in military, industrial, computer and electron-
ics applications, making DUROID materials one of Rogers
most successful products
ever.
The business unit that has
come to be known as the
Advanced Circuit Materials
Division (ACMD) was estab-
lished in 1966 in Chandler,
Arizona, to focus on meeting
the growing demand for cir-
cuits and materials with ex-
cellent electrical, thermal and
mechanical properties used in high performance applications.
In the 1990s the RO3000® and RO4000® commercial lines
of materials were launched to provide designers with a lami-
nate material with strong properties priced to support high
volume applications. These product platforms not only ex-
tended Rogers’ reach in the industry, but enabled application
designers to create high functionality consumer products
never previously imagined possible.

ACMD Today:
Today, Rogers offers over 50 PCB material types developed
to fit thousands of high performance design configurations
making Rogers the leading high performance circuit laminate
manufacturer in the world. ACMD supports its robust prod-
uct line with world class design and fabrication support and
ISO-9002 registered manufacturing facilities in Arizona and
Belgium with a new plant in China under construction.
Rogers takes pride in innovating new materials that meet the
evolving expectations of the electronics industry. Rogers Cor-
poration understands the intense competition its customers
face and offers unique laminate system solutions to exceed
their price-for-performance expectations. ACMD customers
include printed circuit board fabricators (from quick-turn pro-
totype shops to high volume corporations) and Original
Equipment Manufacturers (OEM) for specialty electronic ap-
plications worldwide.
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Contact Information:

Customer Support Europe,Africa, Middle East
Tel. +49 1805 12 42 42 or +49 89 4129 137 74
customersupport@rohde-schwarz.com
Customer Support North America
Tel. 1-888-TEST-RSA (1-888-837-8772)
customer.support@rsa.rohde-schwarz.com
Customer Support South America
Tel. +1-410-910-7988
customersupport.la@rohde-schwarz.com
Customer Support Asia/Pacific
Tel. +65 65 13 04 88
customersupport.asia@rohde-schwarz.com
www.rohde-schwarz.com

Company Product Categories:
• Wireless Communications Testers & Systems
• Spectrum & Signal Analyzers
• Signal Generators
• Network Analyzers
• EMC & Field Strength Test Solutions
• Power & Voltmeters
• Audio Analyzers
• RF & Microwave Accessories

Company History: As early as 1932, Dr. Lothar Rohde
and Dr. Hermann Schwarz, the company’s founders, devel-
oped their first measuring instrument, an interference
wavemeter. In 1933, they set up shop under the name
‘Physikalisch-Technisches Entwicklungslabor Dr. L. Rohde und
Dr. H. Schwarz’ in Munich (renamed Rohde & Schwarz in
1945). Demand increased
continuously, and the step
from low-volume to high-
volume industrial produc-
tion was taken. In the
1950s, Rohde & Schwarz
soon realized the need to
go international as more
and more inquiries for its
products came from abroad. To expand export business, a
global network of independent representatives gradually
emerged. This was the basis for steady growth in orders in
the 1960s and 1970s, resulting in the need for a second pro-
duction plant in Teisnach (Germany). 1980 saw another
strategic decision in terms of worldwide presence.The com-
pany realized that it was better to operate through its own
network of subsidiaries. The first phase focused on Europe
and continued with the creation and expansion of a world-
wide service network, including subsidiaries in the Asia/Pacif-
ic, Middle East/Africa, South and North America. Today, the
company operates in over 70 countries

Company Today:
Rohde & Schwarz has stood for quality and precision in test &
measurement, broadcasting, secure communications, and ra-
diomonitoring and radiolocation for 75 years.The company is
a world market leader in mobile radio and EMC test and
measurement equipment as well as terrestrial TV transmitters.
The electronics group with headquarters in Munich is also
among the leading providers worldwide in all its other busi-
ness fields. Rohde & Schwarz supplies mobile phone manufac-
turers and network operators, manufacturers of electronic
equipment, TV networks, etc., with innovative solutions and
products. The Executive Board is made up of Michael Vohrer
(Chairman), Manfred Fleischmann, and Christian Leicher.Ap-
proximately 7200 employees currently generate a turnover of
1.4 billion Euros (fiscal year from July 2006 to June 2007). In
recent years, the company’s main focus has been on expand-
ing its international presence. It operates in over 70 countries
and serves more than 90 percent of its market directly. The
share of its exports is around 80 percent.The high-tech com-
pany thrives on innovation with a good 14 percent of the an-
nual turnover going into research & development.

Company headquarters in Munich.

The first laboratory in Munich (Germany).

COMPANY PROFILES: NOW
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Contact Information:

Rosenberger Hochfrequenztechnik 
GmbH & Co. KG
Hauptstr. 1
D-83413 Fridolfing
Phone: +49 8684 180
info@rosenberger.de
www.rosenberger.de

by the global automotive industry. Rosenberger
OSI Fiber Optic Company further enhances the
company’s diverse technological base. Today,
Rosenberger is a global supplier—with
renowned customers all over the world.

Company Product Categories:
• RF coaxial products
• RF test & measurement products
• RF automotive products
• RosenbergerHSD® connectors and cable

assemblies (High Speed Data Systems)
• MobilCom infrastructure site solutions
• Cables and cable assemblies
• Fiber optic products

Company History: 1958: The company was initially
founded by Hans Rosenberger Senior in a locksmith shop
that today forms the custom machining center.
1967: When Mr. Rosenberger bought some turning ma-
chines from a bankrupt company he was asked to handle an
outstanding order for this company, giving Rosenberger ac-
cess to high-frequency technology. His three sons; Hans Jr.,
Bernhard and Peter joined the company in the early 1980s
and broadened the company’s focus from a German based
supplier to the wider European market. In the 1990s, due to
the foundation of Rosenberger of North America, Lancaster
(Pennsylvania), USA, and the opening of Rosenberger Beijing,
China, the company evolved to become one of the world’s
leading manufacturers of RF coaxial-connectors. Business vol-
umes in the Americas and Asia increased considerably.
2005: Rosenberger is the world leading coaxial connector
manufacturer (source: Connector Supplier).
2008: Rosenberger turns 50.

Company Today:
Today the company employs more than 2600 people in its
13 strategically located facilities around the world, including
The United States, Hungary, Brazil, China and India. Adding to
its broad line of coaxial connectors, cable assemblies and re-
lated microwave products, the company is a major supplier
of FAKRA-RF connectors, the coaxial products standardized

The company in 1973.

The company in 2007.
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Contact Information:

Philadelphia Operations
2707 Black Lake Place
Philadelphia, PA 19154
PH: (888) 553-7531
FAX: (888) 553-7532
info@SpectrumMicrowave.com
www.SpectrumMicrowave.com

Other innovations include a new line of Low
Profile, Phase-Matched Multi-octave High Direc-
tivity Couplers, a new Series of Low Cost, Low
Phase Noise Ku-band DROs, and our popular
High Linearity Low Cost Amplifiers.

Company Product Categories:
• Low Phase Noise, Low Noise & Broadband

Power Amplifiers
• Cavity, Lumped Element, Ceramic, Coaxial

and Waveguide Filters
• Low Loss Mixers, High Isolation Broadband

Switches
• Low Phase Noise Broadband VCOs
• DTOs, CROs, PLOs, Synthesizers, Comb

Generators, Switch Filter Banks, GPS LNAs,
Frequency Sources and Integrated RF &
Microwave Assemblies.

Company History: For more than 30 years, the her-
itage companies which comprise Spectrum Microwave have
supplied its defense and commercial customers with innova-
tive and sophisticated RF & Microwave components and as-
semblies for demanding applications.
Spectrum Microwave originally evolved under the direction
of Spectrum Control’s CEO Richard Southworth out of their
expertise in RF & Microwave ceramic fil-
ter and antenna technologies. Spec-
trum’s initial strategic acquisitions in
2002 were FSY Microwave and Salis-
bury Engineering, both companies were
leaders in there own right.
Since then, Spectrum Microwave has
grown into a Multi-Million dollar corpo-
ration, made up of eight synergistic mi-
crowave companies whose mission is to
deliver a quality product with excep-
tional performance. The growth of
Spectrum can be attributed to those
heritage companies that make up the
core of our organization, including Am-
plifonix, Qbit, Magnum Microwave, Radi-
an Technologies, EMF Systems, FSY Microwave and Salisbury
Engineering.

Company Today:
Spectrum Microwave, a wholly owned subsidiary of Spec-
trum Control, is now a leader in RF Component & System
designs. Spectrum Microwave combined the rich history and
talented staff of eight RF & Microwave corporations, into one
world class organization.
With 5 East Coast Design/Manufacturing facilities and 2 In-
ternational Commercial Manufacturing Centers abroad,
Spectrum, last year in keeping with industr y demands,
opened a 250,000 sq. foot facility in State College, Pa. Now,
with over 325 employees and 37 engineers, Spectrum Mi-
crowave is ideally suited for both specialty prototype designs
as well as large multi-thousand piece requirements.
Spectrum is also an innovator in pushing technology even
further with new designs everyday, including recent additions
of a line of small 4 watt Broadband 2–6 GHz Surface Mount
Power Amplifiers, a series of Broadband 0.1 to 22 GHz high
+95 dB Isolation Switches, and a brand new small surface
mount GPS Filtered Low Noise Amplifier.

Walt Gordon 
(head of Spectrum Microwave).

Spectrum Microwave’s facilities.
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Contact Information:

2400 Grand Ave.
Long Beach, CA 90815
(866)282-4708 Toll Free • (562)494- 0955 Fax
Email: rfassembly@tensolite.com
www.carlisleit.com

to its customers is founded on the proven prin-
ciples of both Tensolite and Carlyle, Inc. By doing
business with Carlisle Interconnect Technologies,
you will realize:
• Interconnect solutions encompassing every

facet of design and production.
• Advanced engineering services, design

prototyping and state-of-the-art testing.
• Industry leading lead-times and superior cost

efficiency through lean manufacturing
techniques, just in time scheduling, and dock-
to-stock systems.

• Global Manufacturing Capabilities including
Low Cost Manufacturing through our world-
class facility in China.

• Long term focus on emerging technologies
and new opportunities as they come to light.

This strategic combination has only strengthened
our commitment to customer service and deliv-
ering leading edge interconnect solutions to you
our valued customer. We thank you for your
support.

Company Product Categories:
RF/Microwave Connectors, RF/Microwave Coax
Cable, RF/Microwave Cable Assemblies for Mili-
tar y Electronics,
Aerospace Wire &
Cable , Aerospace
Assemblies, Elec-
tronic Manufacturing
Ser vices, Test &
Measurement, De-
fense Electronics,
Aerospace, Medical
and other Specialty
Applications.

Company History:
1940:Tensolite Corporation was founded.
1950:Tensolite Insulated Wire Co., Inc. was founded.
1952:Tensolite entered the field of PTFE insulation.
1960:Tensolite became part of Carlisle Companies, Inc.
1962:Tensolite developed a
process to wrap polyimide tapes
on wire to produce a tougher,
lighter airframe wire.
1985:Tensolite developed a
process to extrude and expand
PTFE in a continuous process
which led to a patented high-
speed wire and cable insulation
system that is the foundation of
our RF/Microwave cable
technology.
1998:Tensolite acquired VEMCO. High Speed and High
Density Cable assemblies such as HDSI® were added to the
Product line.
1998:Tensolite acquired QMI. RF/Microwave Cable
assemblies and connectors such as Semi-Flex,® Q-Flex,® and
Work Horse® test cables were added to the product line.
2000:Tensolite acquired UniTrek. Complex harness
assembly capabilities such as Combo D-Sub assemblies and
overmolding were added to the product line.
2001:Tensolite acquired Connecting Devices Inc (CDI).
RF/Microwave connector manufacturing including the SMP
and SSMP® were added to the product line.
2007:Tensolite acquired Dongguan Qiaotou Yichang Wire
and Cable Assembly Factory in China. Low cost
manufacturing capabilities and Medical cable assembly
capabilities were added to the product line.

Company Today:
2008: Tensolite acquired Carlyle Inc. (not to be confused
with Tensolite’s parent company, Carlisle Companies Incorpo-
rated)—a move that will better position our organization to
provide our customers with a vertically integrated supplier of
complete interconnect solutions.
By combining our talented staffs, cutting-edge technologies
and state-of-the-art products, we have created Carlisle Inter-
connect Technologies. While we have changed our name, we
are not changing our unwavering commitment to our cus-
tomers. Carlisle Interconnect Technologies’ value proposition

Carlisle specializes in phase stable high
frequency interconnect solutions.

Carlisle entered the field of 
PTFE insulation in 1952.

 TENSOLITE  6/26/08  9:51 AM  Page 208

mailto:rfassembly@tensolite.com
http://www.carlisleit.com


MICROWAVE JOURNAL ■ JULY 2008 209

COMPANY PROFILES: NOW

Contact Information:

TNO Defence, Security and Safety
PO.Box 96864, 2509 JG Den Haag
The Netherlands
Tel: +31 70 374 00 00
www.tno.nl, info-denv@tno.nl

solutions need to be realised within a  limited
volume. The main challenges associated to the
front-end of these systems are hence in-
tegration, electromagnetic coupling and thermal
design.
The KHB Front-Ends knows how to combine
and design in different technologies and material
systems to realise optimal electromagnetic sen-
sor systems by correctly choosing Front-End
technology and shows leadership in this field.

Company Product Categories:
Our activities include RF miniaturisation, MMIC
design and test, semiconductor characterisation,
antenna element design, array system design, dig-
ital beamforming, microwave photonics, IED pro-
tection and sub-system specification.

Company History: TNO Defence, Security and Safety
provides innovative contributions towards the advance of
comprehensive security and is a strategic par tner of the
Dutch Ministry of Defence, with the objective of expanding
the defence knowledge-base. We employ this acquired
knowledge for and together with contractors. The company
focuses on defence in the broadest sense of the word and
our involvement covers a range of activities: military opera-
tions, military equipment, command & control and opera-
tional decision making, threat and protection, and instruction
and training. In the
area of Security and
Safety, the emphasis
is on combating
crime, catastrophe
and terrorism.
TNO Defence, Se-
cur ity and Safety
also works for the
aviation and mar-
itime sectors, which
are markets where
our knowledge can
be put to good use.
In terms of aviation,
we concentrate
largely on improving
safety while for the
maritime sector the
focus is on naval architecture. We collaborate with the de-
fence industry and with small and medium-sized enterprises
to develop innovative solutions.

Company Today:
The know how base Front-Ends (F/E) concentrates on the
design and development for firstly the Ministry of Defence
and the Armed Forces and secondly for OEMs and ODMs in
the field of Electronic systems.The company focuses on inte-
grated key front-end technologies (i.e., radome, FSS, antenna
and microwave electronics) for current and future radar and
other electronic systems. We specifically focus on array sys-
tems that operate at RF frequencies.The combination of the
‘arrayed’ proper ty with the ‘RF’ proper ty means that

F. (Frank) L.M. van den Bogaart, MSc
Manager Research, Business Unit Observation Systems.
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‘electrical engineer’ was ‘invented’. This initia-
tive contributed to a rapid rise in overall stu-
dent numbers and to the growing internation-
al reputation of TH Darmstadt as a first class
institution for the training of engineers.

The establishment of the School of Electri-
cal Engineering separated the subject from the
traditional disciplines of physics and mechani-
cal engineering and brought it within the range
of academic disciplines at the still young tech-
nical universities in the German Empire. The
course extended over four years of study that
included a final examination, but what was in-
novative was the emphasis on practical work. In
addition to laboratory courses, Kittler took his
students on field trips to study power stations,
transmission networks and even the newly es-
tablished Sachsenhausen electrical railway.

Kittler was not only the academic chair but
also, through his expertise, played a role in the
electrification of Darmstadt. Electricity was the
‘high technology’ of the 1880s and 1890s. Kittler
was instrumental in the development of a public
power station, which was constructed by
Siemens as a DC network and began operation
in 1888. Through such activity Kittler developed
the ‘Darmstadt Model’—a close cooperation be-
tween teaching and research and he consulted
on planning public as well as private networks all
over Germany and in many parts of Europe.

The School of Electrical Engineering attract-
ed engineering students and associates that
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RICHARD MUMFORD
Microwave Journal European Editor

History is often shaped by seemingly
unlikely and largely unheralded
sources and that is certainly the case

for Darmstadt University. From the early
1880s this university, in the relatively poor
state of the Grand Duchy of Hesse, Germany,
played a significant role in the development of
electrification, invented the ‘Electrical Engi-
neer’, shaped relationships between academic
research and industry, and forged institutional
links that have impacted on both sides of the
Atlantic.

The university’s origins begin with the
Höhere Gewerbschule (Higher Trade School),
which was founded in 1836, followed by the
Technische Schule (Technical School) in 1864
and the Großherzoglich Hessische Polytech-
nische Schule (Grand Ducal Hessian Poly-
technic) in 1868. In 1877 Ludwig IV,
Großherzog von Hessen und bei Rhein
(Grand Duke of Hesse), named the Polytech-
nic School, Technische Hochschule zu Darm-
stadt, raising the status of the educational in-
stitution to that of a university. By 1882, how-
ever, in the wake of recession, student
numbers had declined by 60 percent and TH
Darmstadt was threatened with closure.

However, recognising the growth of indus-
trial and technological development at the
time in Europe in general and Germany in
particular, the university took a leap of faith to
appoint physicist Erasmus Kittler as Professor
of Electrical Engineering in 1882. Conse-
quently, in 1883, the very first School of Elec-
trical Engineering was established and the

DARMSTADT UNIVERSITY:
CELEBRATING 125 YEARS OF
ELECTRICAL ENGINEERING

 7M34 FINAL  6/26/08  10:28 AM  Page 210



would make and shape the industrial
world. In 1884 Carl Hering, a mechani-
cal engineer from the US, commenced
his studies in electrical engineering as
Kittler’s first research associate. In 1902
he was co-founder of the American
Electrochemical Society and in 1908 he
developed the Heringscher Versuch
(Hering’s Experiment).

His successor as a research associate
between 1885 and 1887 was Michael
von Dolivo-Dobrowolsky who was born
in St. Petersburg, but moved to Ger-
many to escape the Russian revolution.
In 1888 he invented the first practical
three-phase motor with AEG and is fa-
mous for establishing the notion of
three-phase current. Also, in 1891 he
constructed the world’s first long dis-
tance transmission of electrical energy,
delivering 15,000 V over 175 km.

Kittler’s successor was Waldemar
Petersen, who is said to have paved the
way for high-voltage engineering and
invented, among other things, the Pe-
tersen Coil. Karl Wirtz was appointed
as the first Chair for Communications
Engineering in Ger-
many in 1894. His
successor, Hans
Busch, established
the Institute of
Telecommunications
and his discovery of
the electronic lens in
1926 laid the foun-
dation for the inven-
tion of the electron
microscope.

Such achieve-
ments and notoriety
attracted an extraor-
dinarily large num-
ber of foreign stu-

dents to TH Darm-
stadt. In 1906, for
instance, as many as
75 percent of the
electrical engineer-
ing students were
from abroad, mainly
from eastern Eu-
rope states.

Educational re-
form after World
War I impacted on
the university, ex-
tending the curricu-
lum beyond purely
technical education
in order to prepare
the engineer for his

leading role in society. However, in
1933 the university was brought in
line with Germany’s national policy
during the Nationalsozialistische Dik-
tatur (National Socialist Dictator-
ship). As early as October 1933 the
new constitution according to the
‘Führerprinzip’ (Leadership Princi-
ple) came into force; the Dean be-
came the Führer of the university,
appointed by the Führer of the state.

After World War II the university
endeavoured to maintain its position
at the forefront of development and
embrace evolving technologies. Karl
Küpfmüller, who developed the theo-
ry of Signals and Systems for Com-
munications Engineering, was ap-
pointed in 1952. The university took
the lead in Federal Republic of Ger-
many establishing the first Chairs in
the country in Control Engineering
(1957), Electromechanical Design
(1963), Power Electronics (1963) and
Computer Science (1964).

The post-war period of reconstruc-
tion in Germany was largely based on
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▲ Fig. 1  Erasmus Kittler in a lecture theatre with his equipment.

▲ Fig. 2  TU Darmstadt today.
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a major development programme in
the 1960s, through which universities
and the state reacted to the continu-
ously rising numbers of students. TH
Darmstadt was affected by university
reform in 1968, and in 1970 the ‘Hes-
sisches Hochschulgesetz’ (Higher
Education Laws of the Federal State
of Hesse) came into force.

From then until the end of the
century the university continued to
see significant initiatives. In 1977
Thomas Weiland developed the Fi-
nite Integration Technique, which
amongst other things allows the com-
putation of electromagnetic fields in
the human body. In 1988 Ottmar
Kindl and Werner Langheinrich de-
veloped Cryogenic temperature
CMOS Technology for cameras in the
European Space Agency (ESA) In-
frared Space Observatory (ISO). In
1996 the first Chair for Renewable
Energy in Germany was established,
and in 1999 Markus Anders, Egon
Christian Andresen and Andreas
Binder developed the Linear Power
Train of the NASA Stratospheric Ob-
servatory for Infrared Astronomy
(SOFIA).

With the objective of sharpening
public awareness of the university’s
status at home and abroad, TH
Darmstadt was renamed Technische
Universität Darmstadt (Darmstadt
University of Technology or TU
Darmstadt) on October 1, 1997, and
on January 1, 2005, it became the
first public German university to be
given administrative autonomy. New
administrative structures were put
into place, which means the universi-
ty can autonomously administer its
budget and buildings. It can also hire
professors and negotiate their salaries
(formerly this was done by the State
of Hesse).

2008 sees TU Darmstadt celebrate
125 years since the world’s first
School of Electrical Engineering was
established and the world at large
should celebrate the university’s con-
tribution to academic and technologi-
cal advancement.  ■
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Demonstration Guide
A new technical overview with a self-
guided demonstration is now avail-
able for WiMAX test developers and
application engineers. The guide
shows how the Agilent N8300A
wireless networking test set can be
used with the Agilent N6301A
802.16 OFDM and OFDMA mea-
surement applications and the Agi-
lent N7615B Signal Studio software
to expedite transmitter and receiver
test development, lower costs and
shorten time to market. “Agilent
N8300A Wireless Networking Test
Set” can be viewed and downloaded

at http://cp.literature.agilent.com/litweb/pdf/5989-7609EN.pdf.

AR’s Orange Book of
Knowledge: 2nd Edition
The second edition of AR’s “Or-
ange Book of Knowledge” is now
available. The book contains arti-
cles and application notes on a
wide range of topics and applica-
tions – from the importance of
mismatch capability to testing be-
yond specs and everything in be-
tween. The second edition in-
cludes a DVD of web demo
videos as well as many new appli-
cation notes and reference materi-
als. 

Capabilities Brochure
This brochure outlines the compa-
ny’s capabilities as a leading devel-
oper of microwave-absorbing ma-
terials and electrically tuned com-
posite structures for use in
commercial and defense applica-
tions. The six-page brochure
showcases ARC Technologies’ ex-
tensive capabilities and processes;
expertise in advanced materials
for both functional and material
property requirements; in-house
testing and analytical methodolo-
gies; and advanced equipment.

Fast Pulse Test Solutions
This four-page web guide and
short form catalog 17S outlines
the company’s large family of high
speed (40 ps to 100 ns rise time),
high current (0.1 to 500 Amp) and
high voltage (2 to 3000 V) pulse
generators, drivers and amplifiers
for research lab and production
testing applications. Pulsed laser
diode and discrete semiconductor
device switching time applications
are extensively highlighted along
with ten other application areas. 

Product Catalog
ClearComm Technologies LLC, a
designer and manufacturer of RF
and microwave filter products for
the military, commercial and wire-
less markets, has released a new
product catalog featuring a com-
plete line of cavity and discrete el-
ement filters covering the fre-
quency range of 1 MHz to 20
GHz. The catalog features infor-
mation about ClearComm includ-
ing contact information and
customer service. To download
the catalog, visit  www.clearcomm-
tech.com. 

Product Guide 
This new software product guide
and application literature on CD
presents the features and capabili-
ties of the company’s LINC2 RF
software suite. Included is a menu
of topics on RF and microwave
circuit design and analysis span-
ning a wide area of interest. Inter-
active presentation software
guides the viewer through
LINC2’s circuit design, synthesis,
simulation and verification solu-
tions.

Agilent Technologies Inc., 
Santa Clara, CA (800) 829-4444, www.agilent.com.

RS No. 310

Applied Computational Sciences LLC (ACS), 
Escondido, CA (760) 612-6988, www.appliedmicrowave.com.

RS No. 311

ClearComm Technologies LLC, 
Fruitland, MD (410) 860-0500, www.clearcommtech.com.

RS No. 315

Avtech Electrosystems Ltd., 
Ottawa, Ontario, Canada (613) 226-5772, www.avtechpulse.com.

RS No. 314

ARC Technologies, 
Amesbury, MA (978) 388-2993, www.arc-tech.com.

RS No. 313

AR RF/Microwave Instrumentation, 
Souderton, PA (215) 723-8181, www.ar-worldwide.com.

RS No. 312

CATALOG UPDATECATALOG UPDATE
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Technical Computing 
COMSOL News 2008, the newest
edition of COMSOL’s technical
magazine, is available as a PDF
download from the company’s
web site. A printed copy of the an-
nual magazine is also available
upon request. Both versions are
free of charge. The 36-page
COMSOL News 2008 covers a
broad range of user-focused arti-
cles demonstrating how scientists,
engineers and researchers world-
wide use the COMSOL Multi-
physics® scientific software envi-
ronment. 

Product Selection Guide
Hittite Microwave’s Product Se-
lection Guide summarizes over
625 products, including 63 new
products not included in Hittite’s
2008 Designer’s Guide Catalog.
The selection guide organizes the
company’s portfolio by product
line as well as by market applica-
tions including: broadband, cellu-
lar, microwave and mmWave,
fiber optic, military and space.
Full specifications for each prod-
uct are available at www.hittite.
com or a CD-ROM may be or-
dered.

WiMAX Technology
Poster
A free WiMAX technology poster
is available upon request from
Keithley Instruments Inc., provid-
ing an overview of the company’s
RF testing solutions, including the
Series 2800 Vector Signal Analyz-
ers and Series 2900 Vector Signal
Generators. To request a free
copy, visit www.keithley.com/
at/554.

RF Products Catalog
The Edition V of the RF Compo-
nents catalog features a full line of
isolators, circulators, power di-
viders and combiners. In addition,
M2 Global offers a complete line
of RF waveguide assemblies and
products including custom wave-
guide sections, E and H wave-
guide bends, terminations, direc-
tional couplers, mitered bends,
adapters, filters, diplexers and
custom field installation kits. M2
Global’s products cover frequency
ranges from 1.7 GHz (WR430) to
60 GHz (WR19).

Precision Frequency
Sources
This catalog describes the compa-
ny’s complete line of PTS frequen-
cy synthesizers. These synthesizers
produce fast-switching, low phase-
noise precision frequencies. With
easy remote programming they are
vital in advanced measurement or
production systems and also serve
as stand-alone test equipment. Nu-
merous options and accessories
that can be combined to provide a
product that will closely match cus-
tom specifications are included.

Hybrid Capacitors
Catalog
This catalog features the compa-
ny’s Hybrid® Capacitors that have
been specified in numerous sys-
tems throughout the F-35 Joint
Strike Fighter. Hermetically
sealed, tantalum Hybrid Capaci-
tors have more than 4× the energy
density of other military-style ca-
pacitors. These capacitors are
found in laser targeting, commu-
nications modules, controls, cock-
pit displays, phased-array radars,
fire control systems and elsewhere
on many advanced commercial
and military aircraft.COMSOL Inc., 

Burlington, MA (781) 273-3322, www.comsol.com.
RS No. 316

Evans Capacitor Co., 
East Providence, RI (401) 435-3555, www.evanscap.com.

RS No. 317

Programmed Test Sources Inc., 
Littleton, MA (978) 486-3400, www.programmedtest.com.

RS No. 321

M2 Global Technology Ltd., 
San Antonio, TX (210) 561-4800, www.m2global.com.

RS No. 320

Keithley Instruments Inc., 
Cleveland, OH (800) 588-9238, www.keithley.com/at/554.

RS No. 319

Hittite Microwave Corp., 
Chelmsford, MA (978) 250-3343, www.hittite.com.

RS No. 318
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Product Catalog
This new catalog includes new
products such as Radio Waves’
complete family of WiMAX anten-
nas, new sector, Xcelarator™ pan-
el and omni antennas for 4.9 GHz
public safety networks, new high
performance parabolic antennas
for the 4.9 and 5 GHz bands, and
new high frequency licensed band
antennas. For a free copy, e-mail
sales@radiowavesinc.com.

Timing Modules and
Oscillators
From discrete high precision crys-
tal oscillators to highly integrated
low noise timing modules, Valpey
Fisher offers a broad array of fre-
quency control products needed
in advanced timing applications
including wireless and wireline in-
frastructure, avionics, test and
measurement, and military com-
munications. This product catalog
is filled with the latest innovative
timing and frequency control
products, including timing mod-
ules–jitter attenuators, frequency
translators and clock generators.

Short Form Power
Divider Catalog 
This catalog provides a compre-
hensive listing of DC to 40 GHz
standard designs as well as the
company’s capabilities to cus-
tomize in accordance with your
specifications. RLC has designed
and manufactured a wide variety
of power dividers for both com-
mercial and military applications. 

Radio Waves Inc., 
N. Billerica, MA (978) 459-8800, www.radiowavesinc.com.

RS No. 322

RLC Electronics Inc., 
Mount Kisco, NY (914) 241-1334, www.rlcelectronics.com.

RS No. 323

Valpey Fisher Corp., 
Hopkinton, MA (800) 982-5737, www.valpeyfisher.com.

RS No. 324

CATALOG UPDATE
next time, peg 
your part search

Buyer’s Guide &

The MWJ Buyer’s Guide is the source 

for over 1000 RF/Microwave Companies 

delivering the latest products and services 

to our industry.The MWJ Buyer’s Guide 

and VendorViews let engineers sort 

technologies by category to browse 

through company listings, products 

and related information. Now featuring 

specification-based product search from 

GlobalSpec - the leaders in engineering 

component search engines.

Locate:

• Product Information

• Company News

• Technical Articles

• Events

• Downloads

• Parts by performance specifications

Visit:

http://www.mwjournal.com/BuyersGuide/
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NEW WAVES

COMPONENTS
■ SP32T Switch with Decoder
The model MSN-32DT-05-DEC-MP is a port-
to-port phase matched, SP32T switch, with op-

tions 100M20,
PM10 that oper-
ates within a fre-
quency range
from 100 MHz to
20 GHz. The

switch offers an amplitude balance of ±1.2 dB
maximum and is phase matched to ±10° maxi-
mum. The switch has a five-bit binary TTL
compatible decoder. Insertion loss is 3 dB typi-
cal (14 dB maximum), isolation is 80 dB typical
(70 dB minimum) and VSWR is 2.0. Size: 13" ×
10" × 2".
American Microwave Corp., 
Frederick, MD (301) 662-4700,
www.americanmicrowavecorp.com.

RS No. 216

■ AWS Band Duplexer
The model CCDP-620-1 is a highly selective,
AWS band duplexer that offers low insertion 

loss combined
with specific, out
of band rejection.
The unit has
been specifically
designed for high
rejection of chan-
nels in the 850
(AMPS) and

1900 (PCS) bands. Power handling is 500 W
average or CW and 12.5 kW peak. The approx-
imate size of the unit is 4.5" × 5" × 2". 7/16 DIN
female connectors are provided on the unit.
Mounting options include rack mountable, lad-
der suspension as well as customized mechani-
cal configurations. An outdoor, weather-sealed
option is also available.

ClearComm Technologies LLC, 
Fruitland, MD (410) 860-0500,
www.clearcommtech.com.

RS No. 218

■ Ka-band Up/Down 
Converter Assembly

The model SSS-35251105-R1 Ka-band
up/down converter assembly is a custom de-

signed system. It
operates in an
anechoic cham-
ber in order to
simulate a radar
receiver with re-
alistic target
echoes. The sys-

tem includes four transmitter channels (up
converter), one receiver channel (down con-
verter), detectors, control circuitry and DC
power supplies. The system operates in a fre-
quency range from 33.3 to 36.3 GHz RF and
4.3 to 5.3 GHz IF. The receiver channel has
gain of greater than 40 dB and noise figure of 5
dB, while the transmitter P1dB varies from
+20 to +32 dBm with different channels ac-
cording to requirements. The assembly is in
the standard rack mountable box with dimen-
sions of 19" × 7" × 19".
Ducommun Technologies Inc., 
Carson, CA (310) 847-2859, 
www.dt-usa.com.

RS No. 219

■ Wideband Passive Attenuators
The HMC656LP2E, HMC657LP2E and
HMC658LP2E are passive wideband fixed val-

ue SMT 50 ohm
matched attenua-
tors that offer rel-
ative attenuation
levels of 10, 15
and 20 dB, re-

spectively. Housed in compact 2 × 2 mm plas-
tic SMT packages, these wideband fixed atten-
uators can handle up to +25 dBm of RF input
power, while maintaining excellent attenuation
accuracy and VSWR performance versus fre-
quency over the DC to 25 GHz frequency
range. These fixed attenuator devices are an
ideal choice for use in a wide range of applica-
tions including microwave radio, military, fiber
optics, scientific instruments and general engi-
neering prototypes.
Hittite Microwave Corp., 
Chelmsford, MA (978) 250-3343,
www.hittite.com.

RS No. 220

■ Wireless Duplexer Assemblies

These antenna duplexer assemblies utilize
K&L’s state-of-the-art filter design expertise.
The duplexers are combined in a single assem-
bly providing high power transmit filtering, ex-
tended stop band to 12.5 GHz and high accu-
racy power monitoring. The receive side filter-
ing includes a dual gain LNA. The filter and
LNA have total noise figure as low as 2 dB,
while maintaining an output intercept point
over 40 dBm. 
K&L Microwave, 
Salisbury, MD (410) 749-2424,
www.klmicrowave.com.

RS No. 221
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■ 600 MHz WMTS Filter
Lorch Commercial and Wireless offers model
DR-611/8, a ceramic filter that covers the wire-

less medical
telemetry service
(WMTS) fre-
quencies from
608 to 614 MHz.
The filter exhibits
less than 3.5 dB
of insertion loss
across the pass-

band while providing greater than 50 dB of re-
jection at 551 and 671 MHz. The unit mea-
sures approximately 1.10" × 0.87" × 0.30" and is
available from stock.
Lorch Microwave, 
Salisbury, MD (410) 860-5100,
www.lorch.com.

RS No. 222

■ 2.4 to 5.8 GHz 
Frequency Transverter

The RFMD ML5825 frequency transverter is
designed to upconvert transmitted 2.4 GHz
signals to 5.8 GHz and downconvert received
5.8 GHz signals to 2.4 GHz and is specifically
optimized for streaming video applications.
The addition of this frequency translation func-
tionality to a pre-existing 2.4 GHz ISM band
radio allows original equipment manufacturers
(OEM) to quickly bring to market products for
operation in the 5.8 GHz ISM band, including
digital cordless phones and custom wireless
data systems such as streaming audio and video
appliances. The ML5825 is packaged in a 4 × 5
× 0.9 mm, 28-pin QFN package and is priced
at $1.46 each, in quantities of 10,000 units with
samples available immediately.
RF Micro Devices, 
Greensboro, NC (336) 664-1233,
www.rfmd.com.

RS No. 225

■ Six-way Power Divider

Pulsar P/N PS6-51-434/3S is a new six-way pow-
er divider that operates in the frequency range
from 12 to 22 GHz with 2 dB insertion loss, 15
dB isolation and input/output VSWR of 1.8
maximum. Amplitude and phase balance are 0.8
dB and 10 degrees, respectively. Outline dimen-
sions are 2" × 3.5" × 0.4" and SMA female con-
nectors are utilized.
Pulsar Microwave Corp., 
Clifton, NJ (973) 779-6262,
www.pulsarmicrowave.com.

RS No. 223

■ L1 and L2 Dual 
GPS Cavity Filter

Reactel part number DF-1227/1575-S11 is a
narrowband dual filter that passes both the L1 

and L2 GPS fre-
quencies. It is the
perfect unit for
applications that
are utilizing both
of these GPS
bands simultane-
ously, yet can only
tolerate a two-
port device. This

small unit features loss of less than 1 dB and
isolation in excess of 40 dB. The company
manufactures many different varieties of GPS
filters; contact Reactel for your specific needs.
Reactel Inc., 
Gaithersburg, MD (301) 519-3660,
www.reactel.com.

RS No. 224

■ Air Dielectric Directional
Couplers

These miniature air dielectric directional cou-
plers are rugged lightweight devices that offer 

lower insertion
loss than compa-
rable stripline
units. The simpli-
fied construction
allows for greater
flexibility in cre-
ating customized

configurations. Any port can be used as the in-
put with these symmetrical devices. The stan-
dard units are available with a choice of cou-
pling values and frequency ranges and an op-
tional termination.
RLC Electronics Inc., 
Mount Kisco, NY 
(914) 241-1334, 
www.rlcelectronics.com.

RS No. 226

■ High Frequency Contacts
To meet the requirements of customers look-
ing to simplify system level interconnect, SV 

Microwave intro-
duces a new fami-
ly of high fre-
quency contacts
for Series 1 and 3
MIL-DTL-38999
connectors. Based
on SV’s proven

blind mate technology to accommodate mis-
alignment during mating, the product line con-
sists of size 8 contacts with the option of 18 or
40 GHz performance and size 12 contacts op-
erating to 65 GHz, all of which fit into standard
cavities and are fully removable using standard
extraction tools. Designs are available for com-
mon cable sizes; custom versions can be pro-
duced for special cables and PCB mount appli-
cations.
SV Microwave Inc., 
West Palm Beach, FL 
(561) 840-1800, 
www.svmicrowave.com.

RS No. 227
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You know us for our engineered composite reflectors in sizes up to 
7+ meters for all challenging antenna system applications. Our in-house
tooling, design, and fabrication enables us to offer the shortest lead times 
in the industry.

Single-piece or segmented, large or small, each MFG Galileo composite
reflector delivers:

Tight Surface Tolerances. Low surface RMS for consistent, accurate 
signal reflection.

Adaptable Backup Structures. Custom-designed interface between our
reflector and your pedestal, adaptable to any mounting platform.

World-Class Composites Technology. Backed by MFG Research, a world
leader in advanced composite analysis, materials, and processes.

Put MFG Galileo at the top of your partner list—contact us today!

ISO 9001:2000 Certif ied    775.827.2222    www.mfggali leo.com

PRECISION ENGINEERED
REFLECTOR PERFORMANCE.

IN ALL SHAPES AND SIZES.

P R E C I S I O N  E N G I N E E R E D  R E F L E C T O R S

■ Broadband Solid-state Switch
The model PS-4.2/2S-5V-TTL-R is a solid-state
non-reflective RF switch that features a fre-

quency range of 1
MHz to 4.2 GHz.
This model has a
switching speed
of < 100 ns and
the isolation is 
> 50 dB at 4.2

GHz. Insertion loss is 4 dB maximum and the
operating temperature range is 0° to +70°C.
The 1P2T configuration features SMA female
connectors on all ports and a DB-9 for the
TTL control interface. Applications include:
automated switching systems, switch matrices
and manufacturing test systems. Standard de-
livery is five to six weeks.
Trilithic Inc., 
Indianapolis, IN (317) 895-3600,
www.trilithic.com.

RS No. 229

■ QMA Adaptor
This QMA adaptor is designed for use with the
Bird Electronics Watt Meter. The four-hole 

f l a n g e - m o u n t
QMA jack is de-
signed to Bird
Electronics speci-
fications for con-
nectors that mate
to its bench top
Watt Meter. The
new adaptor des-
ignated 3191-

202EA complements the SilverLine-QMA,
quick mating test leads and adaptors that re-
place aging BNCs in two-way radio test appli-
cations. Features include: push on, pull off fast
mating interface; rugged, stainless steel con-
struction; 5000 mate life cycle; 360° rotation of
DUT with little or no RF performance change;
extremely accurate, consistent insertion loss
and low VSWR.
Times Microwave Systems, 
Wallingford, CT (203) 949-8400,
www.timesmicrowave.com.

RS No. 228

■ WiMAX Dual SPDT Switch
This low-cost, RoHS compliant, SPDT switch
is for applications requiring fast settling time, 

low insertion loss
and high isola-
tion. The M/A-
COM MASW-
008899 is de-
signed for use in

802.11 and 802.16 WLAN and WiMAX appli-
cations with a bias voltage as low as 3 V. The
MASW-008899, with its low leakage current
and low gate lag, offers excellent switch set-
tling where multiple switches and high data
rates are critical for optimal system perfor-
mance. The MASW-008899 features a typical
insertion loss of 0.4 dB at 2.4 GHz while
achieving an isolation of 27 dB and P1dB of 28
dBm. The M/A-COM MASW-008899 is avail-
able from stock and is priced at $0.34 for quan-
tities of 100,000.
Tyco Electronics, 
Lowell, MA (800) 368-3277,
www.tycoelectronics.com.

RS No. 230

AMPLIFIERS
■ 4 W Amplifier
The model SM1025-36MQ2 is a GaAs FET
amplifier designed for various applications. 

The unit operates
in a frequency
range from 1 to
2.5 GHz with a
P1dB of +36
dBm. Small-sig-
nal gain is 10 dB
with a flatness of
±0.5 dB across
the band. Stan-
dard features in-

clude a single +12 VDC supply and over/re-
verse voltage protection. Optional features in-
clude TTL on/off and RF bypass mode. The
unit measures 4" × 2" × 0.54".
Stealth Microwave Inc., 
Trenton, NJ (609) 538-8586,
www.stealthmicrowave.com.

RS No. 234
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ANTENNA
■ Blade Antenna
The model 11C23300 is a high performance, ro-
bust blade antenna qualified for supersonic 

flight. This L-band
(960 to 1220
MHz) antenna
features omni-di-
rectional azimuth
coverage, gain of a
quarter wave
monopole (3 dB

peak), vertical polarization and low VSWR. It has
been designed and qualified for use aboard new
aircraft with signature control requirements. This
antenna includes a single coaxial connector, a flat
conductive base plate for easy installation and an
all metallic antenna design. The antenna is de-
signed to withstand high aerodynamic loads. The
antenna employs sealed construction and rain
erosion antistatic coating.
Cobham Defense Electronic Systems –
Nurad Division, 
Baltimore, MD (410) 542-1700, 
www.cobhamdes.com.

RS No. 235

■ Power Amplifier
The AWT6309 is a linear power amplifier (PA)
designed specifically for use in CDMA wireless 

handsets and data
devices that oper-
ate in 1.7 GHz
bands. The new

PA is designed to be compatible with Qualcomm
CDMA2000™ and EVDO™ chipsets. The
newest member of the ANADIGICS family of
HELP2™ CDMA power amplifiers, the
AWT6309 reduces average current consumption
as much as 50 percent, compared to convention-
al two-stage amplifiers. The new amplifier’s pow-
er saving feature is the result of ANADIGICS’
proprietary designs and unique InGaP-Plus™
technology. This semiconductor process inte-
grates switches and amplifier components onto
the same die thus enabling creative new archi-
tectures and solutions for product designers and
engineers. Measuring 3.0 × 3.0 mm with a height
of 1.0 mm, the AWT6309 enables designers to
create ultra slim and compact products. 
ANADIGICS Inc., 
Warren, NJ (908) 668-5000,
www.anadigics.com.

RS No. 231

■ High Power Amplifiers
Heavy duty, ruggedness and reliable operation
to meet demanding communication applica-

tions describe
Min i -C i rcu i t s ’
collection of 5,
10, 20, 50 and
100 W ZHL high
power amplifiers.
Covering 20
MHz up to 2
GHz, these

broadband solutions are available with or with-
out integrated heat sink/fan to fit custom sys-
tem requirements. Each amplifier operates
with low current consumption and is designed
to work off a single +24 V DC supply, including
the fan. Price: from $945.00 each (Qty. 1–9).
Mini-Circuits, 
Brooklyn, NY (718) 934-4500,
www.minicircuits.com.

RS No. 232

■ Broadband High Power
Amplifier

The model AMF-6B-06001800-70-40P-PS is a
self-cooled 3RU rack-mount high power amplifi-
er (PA) that operates in a frequency range from
6 to 18 GHz and delivers approximately 10 W of
power. The SMA connectorized box is 3.47"
high, 16.99" wide excluding brackets and 12.12"
deep including fans. This model can be horizon-
tally or vertically mounted. Housing is EMI
shielded, CE certified and can operate in ambi-
ent temperature up to 50°C. The PA includes
over temperature protection in addition to full
internal regulation. DC on/off switch is optional
as is input connector through the front panel.
MITEQ Inc., 
Hauppauge, NY (631) 436-7400,
www.miteq.com.

RS No. 233
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Microwave and RF Products for Military 

& Commercial Applications

Contact:  Mike Crittenden

Office:  978.521.1701

Cell:  978.994.9435

E-mail:  mike@bradfordrfsales.com

www.bradfordrfsales.com

Manufacturer's Representatives for New England

Cultivate your sales 

opportunities in New England. 

Contact the 

Bradford RF Sales team.

LOOKING TO GROW...

DEVICE
■ Schottky Detectors 

0.5 to 40 GHz
The CSM, CST and CSP Series Schottky De-
tectors provide a comprehensive line of detec-

tors covering
most applica-
tions. These
three AC coupled
biased Schottky
detector designs
may be optimized
for frequency
range, voltage

sensitivity, flatness or VSWR parameters. The
CSM series provides a broadband, high voltage
sensitivity and good flatness response, with a
low video impedance of 350 Ω at 150 mi-
croamps of bias. The CST series provides high
voltage sensitivity, good VSWR at both low and
high input power levels, and excellent flatness
response. The CSP series offers low VSWR re-
sponse at both low and high input power levels
over broadbands, exceptional flatness re-
sponse, but with the performance trade off of
lower voltage sensitivities when compared to
the CSM and CST. 
Microphase Corp., 
Norwalk, CT (203) 866-8000,
www.microphase.com.

RS No. 236

SOURCES
■ Voltage-controlled Oscillators
The MD series of economical voltage-con-
trolled oscillators (VCO) offer low phase noise 

in the industry
standard one half
inch square pack-
age. Model
MD110MST op-
erates in a fre-
quency range of
1175 to 1275
MHz and is rated
–118 dBc at 10
kHz offset. Many
other catalog

models are available and custom designs can
be supplied with no NRE.
Modco Inc., 
Sparks, NV (775) 331-2442,
www.modcoinc.com.

RS No. 237

■ Mini Voltage-controlled
Oscillators

The DCO and DXO micro series of miniature
voltage-controlled oscillators (VCO) are de-

signed for C-band
and X-band appli-
cations. These
VCOs are based
on Synergy’s pro-
prietary patented
technology and

Visit http://mwj.hotims.com/16343-148

Visit http://mwj.hotims.com/16343-24

CIRCULATORS & ISOLATORS

QUEST for Quality

QUEST for Performance

QUEST for the BEST…

JOIN US

Quality products

with quick delivery

and competitive

prices are our

standard

225 Vineyard Court

Morgan Hill, California 95037

877-QUESTMW (783-7869)

(408) 778-4949 Phone

(408) 778-4950 Fax

circulators@questmw.com  e-mail
http://www.questmw.com  website

Visit http://mwj.hotims.com/16343-73
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201 767-8030 x 286
ELCOM TECHNOLOGIES

www.elcom-tech.com

*For offer details, contact: 
sales@elcom-tech.com

Outstanding
Performance

Features: 

• Small step size: 1 Hz
• Wide bandwidth: .3 up to 18 GHz 
• Full band phase coherency available
• 3 GHz upconverter link
• Low spurious   

Direct Analog Synthesizer
•Lowest phase noise in industry

-145 dBc/Hz @ 150 MHz offset at 10 GHz
Fast switching speed 

<250 nsec for a 1 Hz step size
•

SAVE
$15,000*

patents pending, which enhances bandwidth,
reduces phase noise and improves immunity to
phase hits. Several models are available with
starting frequency at approximately 4 to 10
GHz, in tuning bandwidths of approximately
1000 MHz, and tuning voltages ranging from 0
to 24 V DC. Phase noise for 8 to 9 GHz is typi-
cally better than 85 dBm at 10 kHz. These new
series of VCOs are packaged in a tiny surface-
mount package measuring 0.3" × 0.3" × 0.1",
RoHs compliant, and can be delivered in tape
and reel for automatic assembly processes.
Synergy Microwave Corp., 
Paterson, NJ 
(973) 881-8800, 
www.synergymwave.com.

RS No. 238

■ Coaxial Resonator Oscillator 
The model CRO5700Z is a coaxial resonator
oscillator in C-band (5690 to 5719 MHz) using 

a doubler inside
and featuring ul-
tra low phase
noise perfor-
mance of –106
dBc/Hz at 10 kHz
offset. This

unique design offers a typical tuning sensitivity
of 30 MHz/V and covers the band between 0.5
to 4.5 V at 5 VDC supply while drawing 140
mA (typical, due to the doubler) over the ex-
tended operating temperature range of –40° to
85°C. CRO5700Z is ideally suited for digital
radios applications that require ultra low phase
noise performance. CRO5700Z comes in Z-
COMM’s VCO-24H package measuring 0.6" ×
0.8" × 0.22". This VCO is ideal for automated
surface-mount assembly and reflow.
Z-Communications Inc., 
San Diego, CA 
(858) 621-2700,
www.zcomm.com.

RS No. 239

SUBSYSTEMS
■ 60 GHz T/R Module
This 60 GHz T/R module targets short-range
indoor communications that must transport 

data traffic at
m u l t i - g i g a b i t
speeds. The de-
sign allows full-
duplex operation
with flexible
modulation and
can also be oper-
ated in various

radar modes, if desired. Typical specifications
at 60 GHz are a receiver noise figure of 5 dB
and a transmitter output power (at P1dB) of
over +5 dBm with ±1 dB flatness over a 2 GHz
operating bandwidth. Balance between I and
Q ports measures better than 1.5 dB in ampli-
tude and 10 degrees in phase over a 10 MHz
(DC) to 1 GHz baseband frequency range.
Measuring only 9 cm (31⁄2 in) in length, the
transceiver includes independent Tx and Rx lo-
cal oscillators and versatile programmable
phase lock loops.  
Endwave Corp., 
San Jose, CA 
(408) 522-3100, 
www.endwave.com.

RS No. 246

Visit http://mwj.hotims.com/16343-75

Visit http://mwj.hotims.com/16343-38
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&
Amplifiers with

Ultra-High Linearity (IP2 to +75dBm)

Low Noise Figure (as low as 0.9 dB)

■ 8×8 Switch Matrix

The model 112 is an 8×8 switch matrix that is
housed in a 19 inch 4U rack mounted chassis for
ease of installation in new or existing ATE sys-
tems. The 50 ohm, 18 GHz switch matrix offers
low insertion loss and excellent isolation over its
entire operating frequency band. The standard
unit utilizes a LAN interface. However, units re-
quiring either an RS-232 or LXI interface can
also be provided. Indicator telemetry and opera-
tion manuals are provided with each switch.
In-Phase Technologies Inc., 
Clarksburg, NJ (609) 259-8555, 
www.in-phasetech.com.

RS No. 240

■ Direction Finding Receiver
Front-end

The model RFE-218-70-BB is a 2 to 18 GHz
direction finding receiver front-end. The mini-
mum dynamic range of the subsystem is –60 to
+5 dBm; while the input VSWR in frequency
range is 3.0 and the frequency flatness at the
outputs is ±3 dB maximum. The Log slope is
50 mV/dB (±10 percent), the Log linearity is
±2.25 dB maximum and the TSS is –63 mini-
mum. The rise time is 30 ns maximum and the
recovery time is 350 ns maximum. The typical
gain is +3 dB and the isolation between the
outputs is 24 dB minimum. 
Planar Monolithics 
Industries Inc., 
Frederick, MD 
(301) 631-1579,
www.planarmonolithics.com.

RS No. 241

TEST EQUIPMENT
■ RF Peak Power Analyzer

The model 4500B is the instrument of choice
for capturing, displaying, analyzing and charac-
terizing RF power in both the time and statisti-
cal domains. Applications include: pulsed RF
such as RADAR, TDMA and GSM, pseudo-
random or noise-like signals such as CDMA
and WLAN, and modulated time slotted sig-
nals such as GSM-EDGE and TD-SCDMA.
The 4500B features 100 psec timebase resolu-
tion, video bandwidth greater than 50 MHz
(sensor dependent), flexible triggering and
greater than 80 dB dynamic range (sensor de-
pendent) without any range switching to cover
the most demanding peak power measurement
applications. 
Boonton Electronics, 
Parsippany, NJ (973) 386-9696,
www.boonton.com.

RS No. 244
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Amplifonix • Q-Bit

Ask for our
900 page Data Book 

& Cascade Design Suite
Available Online

Amplifiers with ultra-high linearity and low noise figure in a 
lower cost package... Spectrum Microwave can make your 
Mission Possible. We’ve got the widest range of RF & microwave 
amplifiers with all the performance characteristics you’re looking for… 
and the fastest delivery. Spectrum Microwave combines the people,
products and technologies of Amplifonix and Q-Bit into a single 
company ready to support your amplifier requirements. Our Cascade 
Design Suite can help optimizeyour design and our amplifier cross 
reference will give you direct replacements for over 900 parts 
rom other manufacturers.

See how we can make your 
Mission Possible, call 888.553.7531 or visit 
SpectrumMicrowave.com

Now in a Cost Effective Package!
High performance amplifiers in our NEW Lower Cost Package

Ultra-High 
Linearity

Guaranteed

■ Suite of Antennas 
for HIRF Testing

This suite of three high-gain, high-power mi-
crowave horn antennas is designed for use in
DO 160 High Intensity Radiated Frequency
(HIRF) testing. The new models include:
AT4444 – 2 to 4 GHz/1000 W CW/17 kW pulse
input power; AT4446 – 4 to 6 GHz/800 W
CW/15 kW pulse input power; and AT4448 – 6
to 8 GHz/700 W CW/10 kW pulse input power.
These antennas provide a minimum of 18 dB
over isotropic and supply the high intensity
fields needed for DO 160 HIRF testing. 
AR RF/Microwave Instrumentation,
Souderton, PA (215) 723-8181, 
www.ar-worldwide.com.

RS No. 243

■ TD-SCDMA Test Solution

Anritsu Co. introduces three new options that
make its BTS Master and Spectrum Master
families the first complete TD-SCDMA hand-
held test solutions for deploying, installing and
maintaining TD-SCDMA networks now being
deployed in China. With the options, field en-
gineers, technicians and contractors can accu-
rately, quickly and easily make RF, demodula-
tion and Over-the-Air (OTA) measurements on
TD-SCDMA signals. The TD-SCDMA RF
Measurement option offers a suite of test tools,
including channel spectrum and power vs.
time. The channel spectrum view shows the
shape of the transmitter and displays the sig-
nal’s channel power and occupied bandwidth. 
Anritsu Co., 
Morgan Hill, CA 
(408) 778-2000, 
www.us.anritsu.com.

RS No. 242

■ Field Probe

The LaserPro™ Field Probe is designed for 
E-field measurements between 10 kHz and 1
GHz. Features include: auto-ranging, a dynam-
ic range of 2.0 to 800 V/m and a small physical
profile for minimal field perturbation with im-
proved isotropy. ETS-Lindgren’s newest broad-
band probe is available in two versions for user
convenience: laser-powered and rechargeable
battery powered. Model HI-6122 is the laser-
powered probe and model HI-6022 is the bat-
tery powered probe supplied with recharge-
able NiMH batteries. A2LA calibration and a
three-year warranty are provided with either
probe.
ETS-Lindgren, 
Cedar Park, TX 
(512) 531-6400, 
www.ets-lindgren.com.

RS No. 245

Visit http://mwj.hotims.com/16343-138
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RS 4

RS 118

RS 16

RS 99

RS 150

RS 133

RS 158

�

ULTRA LOW PHASE NOISE VCO

Modco MD Series VCOs offer very low
Phase Noise in a half inch package. Models
are low cost and available for a variety of
Frequency Bands. No NRE for custom
designs.

Model MD108MST

902–928 MHz
Vcc: 5 V
Vt: 0.5 to 4.5 V
Current: 16 ma
Power: +4 dBm
2nd Harmonics: –45 dBc
Pushing: 0.4 MHz/V
Pulling: 0.6 MHz with a 12 dB return loss
Phase Noise: –117 dBc @10 KHz

Modco, Inc.
Sparks, NV  (775) 331-2442

www.modcoinc.com

�

FREE
Product Information

Now Available Online
at

Info Zone
The new Web-based product information system

From

Just visit 
mwjournal.com/info

and enter the RS number from the ad 
or editorial item 

or 
request information by company name 

or product category
It’s Easy, It’s Fast, It’s FREE
GET IN THE ZONE!

VISION INDUSTRIES SDN. BHD.

2541, LORONG JELAWAT 6,

SEBERANG JAYA, 13700 PERAI,

PENANG, MALAYSIA.

TEL : +604-3990791

EMAIL : lindaooi@visionpcb.com

YOUR COST EFFECTIVE

MICROWAVE PCB FABRICATOR

WWW.VISIONPCB.COM

.cnI ,radaR deilppA
moc.radardeilppa.www

weN ruO gnicudortnI
 annetnA

 noitaziretcarahC
ecivreS

zHG  81-2
dnuoranruT kciuQ

    liame ofni erom roF
moc.radardeilppa@tnemerusaemannetna

MICRO-ADS
Visit http://mwj.hotims.com/16343-(RS#)

WHAT CAN YOU FIND AT
wwwwww.m.mwjourwjournal.comnal.com??

BUYER’S
GUIDE

Use this invaluable reference source
for locating companies, their products 

and services. 
Is your company 

in the guide?
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T.K. Sarkar, R.J. Mailloux, A.A. Oliner, M. Salazar-Palma and 
D.L. Sengupta, Eds.
674 pages; $59.95 • Wiley-Interscience
ISBN: 978-0-471-71814-7

THE BOOK ENDTHE BOOK END

T raditionally used to transmit radio sig-
nals, wireless technology has experi-

enced explosive growth in recent years and
now comprises a large share of the
telecommunications industry. Challenging
traditional assumptions about the origins
and growth of wireless, History of Wireless
is a comprehensive treatment of the history
and evolution of this vital technology.

Introducing previously unacknowledged
pioneers and developments, this book of-
fers new insights into the initial theory and
experimental exploration of wireless. It ex-
plores the development of magnetism,
electricity and light, covering the widely
recognized contributions of James Clerk
Maxwell; Heinrich Hertz, who discovered
electromagnetic waves in the late 19th cen-
tury; and Guglielmo Marconi, who intro-
duced the first wireless telegraph. The
book also examines the work of Oliver

Heaviside and Nikola Tesla, who both con-
tributed significantly to the development of
radio. Incorporating the approach that one
cannot understand the science of wireless
without knowing how various components
and systems evolved, this book supple-
ments conventionally accepted stories with
more specific, less known discoveries and
individuals. The history of wireless also
covers German, Japanese and Soviet contri-
butions to the physics and applications of
electromagnetic oscillations and waves,
wireless telegraphic and telephonic devel-
opments, and attempts to achieve transat-
lantic wireless communications, wireless
telegraphy in South Africa in the early 20th

century, antenna development in Japan, So-
viet quasi-optics at near-mm and sub-mm
wavelengths, the evolution of electromag-
netic waveguides, and the development of
phased-array antennas.

History of Wireless

Ralph Levy, Editor
418 pages; $129, £61 • Artech House
ISBN: 978-1-59693-212-8

This book does a beautiful job of present-
ing the reader with a selection of 51 pa-

pers on RF and microwave filters that are
most relevant to the requirements that exist
today. Some early papers that were consid-
ered to be breakthroughs at the time they
were published are not included if they have
become superseded by later work. The
reprints are grouped in ten categories, each
one preceded by an introduction giving an
overview of the particular class of filters in a
given category. Chapter 1 is concerned with
basic bandpass filters of the simple Cheby-
shev or Butterworth type, that is without fi-
nite frequency loss poles or transmission
zeros. Modern filter design relies to a con-
siderable extent on so-called transformed-
variable synthesis, which is the subject of
Chapter 2. This is similar to synthesis using
the standard complex frequency variable,
but with the addition of a frequency trans-

formation. Chapter 3 is devoted to cross-
coupled and pseudo-elliptic filters. Chapter
4 describes parallel-coupled line, hairpin-
line and microstrip bandpass filters. Chapter
5 is concerned with dielectric-resonator fil-
ters, which are used for two purposes: to re-
duce the size of filter cavities and to increase
the unloaded Q, resulting in much lower
loss. Bandstop filters are the subject of
Chapter 6, while Chapter 7 is consecrated to
low pass filters. Suspended substrate
stripline filters are described in Chapter 8. It
is not always realized that lumped element
filters may be built to operate at frequencies
up to perhaps 18 GHz. Chapter 9 offers ex-
amples of this kind of filter. Chapter 10
comprises papers on power-handling, inser-
tion loss, group delay and tuning. It is very
interesting to read these classic works and
learn from the best selection of papers in
this field.

Classic Works in RF Engineering:
Volume 2—Microwave and RF Filters

To order this book, contact:
John Wiley & Sons Inc.

One Wiley Drive
Hoboken, NJ 08875
(800) CALL WILEY

To order this book, contact:
Artech House

685 Canton St.
Norwood, MA 02062

(781) 769-9750 ext. 4030; or
46 Gillingham St.

London SW1V 1HH, UK
+44 (0) 207-8750

THE BOOK END

 7M18 FINAL  6/26/08  11:00 AM  Page 240



About Job Market and Marketing
RF/Microwave Engineering

Part II
The June Career Column discussed the

job market as a resource for companies’ mar-
keting. This month we will demonstrate how
to increase the return on job postings by han-
dling them as act of sales and employing mar-
keting communication disciplines.

The idea that attracting talent is “selling”
the position is commonly accepted. But are
you really handling your job postings the
same as the marketers next door would han-
dle their campaigns? If posting a job is like
advertising a product, then let’s see what
they would have done…

A job posting on a job site is similar in
many ways to a banner ad. They both have a
goal to create leads (applications). They are
designed to initiate direct communication
with target prospects and they both “work”
in a very narrow time frame of exposure.

Like other types of online advertisements,
the job posting aims to invoke the visitor’s im-
mediate reaction first by clicking the title to
the posting page and through to making the
contact. This is to be achieved in a very short
window of attention (opportunity) as the can-
didate scrolls down the search results page.
Use of Keywords: Unlike a banner ad,
which relies on the traffic on a host web site
for exposure, a job posting affects its own

242 MICROWAVE JOURNAL ■ JULY 2008

CAREER
CORNER

The ideal candidates must have the 

Minimum

01

We’re Taking Off!

11335 Sunrise Gold Circle, Suite B, Rancho Cordova, CA 95742
For The Best In Product, Price, Service And Delivery Call CMT!
11335 Sunrise Gold Circle, Suite B, Rancho Cordova, CA 95742

For The Best In Product, Price, Service And Delivery Call CMT!

WANTED
Filter Design Engineers!

Experienced

To be considered,
please email your resume

Visit http://mwj.hotims.com/16343-39

exposure by inclusion of keywords corre-
sponding to relevant job searches.

Our first goal is then to come up high on
the searches under the keywords that we as-
sume “perfect-fit” candidates would be look-
ing for. Making up the list of keywords is not
enough. Many of the job search functions de-
fault to sort the search results by relevance in
a descending order. The relevance grade is
based on the number of appearances of key-
words in the job title and text. It is therefore
good practice to repeat each keyword in the
job description more than once.
The Role of the Title: Banner ads use graphics
to create a subliminal association, so that just
by glancing the visitor can make the “click” de-
cision. Job postings, however, typically show in
a list of titles. The title is therefore the first
line of attraction. A well thought-out title can
capture more attention as well as filter out/dis-
courage unqualified candidates.
Job Posting Content: Now that we have
succeeded to pull those “perfect fits” into
our job posting, how can we motivate them
to apply? The content of this page has an
impact on whether the candidate will 1)
move to the next ad, 2) bookmark the ad for
later or 3) read it thoroughly and follow
through with the online application.

Working with “basic” job postings using
the template furnished by the job site, you
don’t have much graphical means to support
this “sale.” You can only rely on your well
thought-out verbiage to attract candidates.

Without getting into what makes a job ap-
pealing, the posting works better if it mentions
or implies the reasons that our best-fit candi-
date would want to come to work for the com-
pany. This is where we make our sales pitch,
only that we are not there to complete or clari-
fy. In addition to being informative, the job
posting verbiage should highlight the points
that would appeal to the candidate profile for
which we are searching. Putting aside benefits
and compensation, you may find the appealing
factors to be professional challenge, opportu-
nity for rapid career path, organizational envi-
ronment and so on. The key is in understand-
ing the possible expectations of the desired
candidate profile. Including your logo distin-
guishes your posting and associates it with
your company’s reputation.
Hands-On the Response: Response to online
job postings has a weekly cycle, as candidates
tend to spend more time searching jobs on
weekends. After the first week or two you
should have a pretty good idea for the level of
response to the posting. If the host job site
provides an exposure report (the number of
times your posting page was viewed), you can
figure out the rate of applications to the expo-
sures the ad gained. This rate can be used to
evaluate the appeal of the job posting content.
If supported by the host job site, you can
tweak the posting to improve the response.
Conclusions: Job posting includes these
three elements affecting the quantity and
quality of returning applications: Keywords,
Title and posting verbiage. Smart selection
of keywords results in a higher position on
the search results, a deliberate title is an in-
vitation to click and the posting verbiage is
the marketing document influencing the vis-
itor’s final decision to apply. Monitoring the
response rate can provide real-time feed-
back and an opportunity to fine-tune online.

Isaac Mendelson
ElectroMagneticCareers.com

Isaac@ElectroMagneticCareers.com
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23 Bowei Integrated Circuits Co., LTD.  . . . . .80  . . . . . . . . . .+86-311-87091891 +86-311-87091282 http://mwj.hotims.com/16343-23
24 Bradford RF Sales  . . . . . . . . . . . . . . . . . . .232 . . . . . . . . . . . .978-521-1701 http://mwj.hotims.com/16343-24
25 CAP Wireless Inc.  . . . . . . . . . . . . . . . . . . . .97  . . . . . . . . . . . .805-499-1818 http://mwj.hotims.com/16343-25

147 Carlisle Interconnect Technologies . . . . .13,208  . . . . . . . . . .866-282-4708 562-494-0955 http://mwj.hotims.com/16343-147
26 Cernex, Inc.  . . . . . . . . . . . . . . . . . . . . . . . .106 . . . . . . . . . . . .408-541-9226 408-541-9229 http://mwj.hotims.com/16343-26
27 Channel Microwave Corporation  . . . . . . . .22  . . . . . . . . . . . .805-482-7280 805-987-8794 http://mwj.hotims.com/16343-27
28 Ciao Wireless, Inc. . . . . . . . . . . . . . . . . . . . .64  . . . . . . . . . . . .805-389-3224 805-389-3629 http://mwj.hotims.com/16343-28
29 Cobham Defense Electronic Systems  . . .24–25 . . . . . . . . . . .978-557-2400 978-557-2800 http://mwj.hotims.com/16343-29
30 Coilcraft  . . . . . . . . . . . . . . . . . . . . . . . . . . . .15  . . . . . . . . . . . .800-322-2645 847-639-1469 http://mwj.hotims.com/16343-30

Commercial Microwave Technology, Inc.  .242 . . . . . . . . . . . .916-631-4363 530-642-9798 http://cmtfilters.com
31 COMSOL, Inc.  . . . . . . . . . . . . . . . . . . . . . .139 . . . . . . . . . . . .781-273-3322 781-273-6603 http://mwj.hotims.com/16343-31
32 Comtech PST Corp.  . . . . . . . . . . . . . . . . . .61  . . . . . . . . . . . .631-777-8900 631-777-8877 http://mwj.hotims.com/16343-32
33 CPI Beverly Microwave Division  . . . . . . . .59  . . . . . . . . . . . .978-922-6000 978-922-2736 http://mwj.hotims.com/16343-33
34 CST of America, Inc. . . . . . . . . . . . . . . . . . .35  . . . . . . . . . . . .508-665-4400 781-576-5702 http://mwj.hotims.com/16343-34
35 Daico Industries, Inc. . . . . . . . . . . . . . . .166–167 . . . . . . . . . .310-507-3242 310-507-5701 http://mwj.hotims.com/16343-35
36 dBm, LLC  . . . . . . . . . . . . . . . . . . . . . . . . . .42  . . . . . . . . . . . .973-709-0020 973-709-1346 http://mwj.hotims.com/16343-36

EADS North America Test and Services . .168 . . . . . . . . . . . .800-722-2528 http://www.ts.eads-na.com
37 Eastern Wireless TeleComm, Inc.  . . . . . . .55  . . . . . . . . . . . .410-749-3800 410-749-4852 http://mwj.hotims.com/16343-37
38 Elcom Technologies  . . . . . . . . . . . . . . . . . .233 . . . . . . . . . . . .201-767-8030 201-767-6266 http://mwj.hotims.com/16343-38
39 Electro Magnetic Careers  . . . . . . . . . . . . .242 http://mwj.hotims.com/16343-39
40 EM Research, Inc. . . . . . . . . . . . . . . . . . . . .99  . . . . . . . . . . . .775-345-2411 775-345-1030 http://mwj.hotims.com/16343-40
41 EMC Technology Inc.  . . . . . . . . . . . . . . . . .21  . . . . . . . . . . . .772-286-9300 772-283-5286 http://mwj.hotims.com/16343-41
42 Empower RF Systems, Inc.  . . . . . . . . . . . .223 . . . . . . . . . . . .310-412-8100 310-412-9232 http://mwj.hotims.com/16343-42
43 Endwave . . . . . . . . . . . . . . . . . . . . . . . . . . . .27  . . . . . . . . . . . .408-522-3180 408-522-3181 http://mwj.hotims.com/16343-43
44 EPX Microwave, Inc.  . . . . . . . . . . . . . . . . .100 http://mwj.hotims.com/16343-44
45 ET Industries  . . . . . . . . . . . . . . . . . . . . . . .141 . . . . . . . . . . . .973-394-1719 973-394-1710 http://mwj.hotims.com/16343-45
46 Eubus GmbH  . . . . . . . . . . . . . . . . . . . . . . .231  . . . . . . . .+49 (0)89 4522 578-0 +49 (0)89 4522 578-55 http://mwj.hotims.com/16343-46

47,48 EuMW 2008  . . . . . . . . . . . . . . . . . . . . . .238,239  . . . . . . . .+ 44 20 7596 8742 + 44 20 7596 8749 http://mwj.hotims.com/16343-47
41 Florida RF Labs Inc.  . . . . . . . . . . . . . . . . . .21  . . . . . . . . . . . .800-544-5594 http://mwj.hotims.com/16343-41

49,50 Focus Microwaves Inc.  . . . . . . . . . . . . . . .46,88  . . . . . . . . . . .514-684-4554 514-684-8581 http://mwj.hotims.com/16343-49
51 G.T. Microwave Inc.  . . . . . . . . . . . . . . . . . .44  . . . . . . . . . . . .973-361-5700 973-361-5722 http://mwj.hotims.com/16343-51
52 HD Communications Corp. . . . . . . . . . . . .111 . . . . . . . . . . . .888-588-3800 631-588-3879 http://mwj.hotims.com/16343-52
53 Herotek, Inc. . . . . . . . . . . . . . . . . . . . . . . . .110 . . . . . . . . . . . .408-941-8399 408-941-8388 http://mwj.hotims.com/16343-53

54,55,56, Hittite Microwave Corporation  . . . . . . .83,85,87,
57,58,59  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .89,91,93 . . . . . . . . . .978-250-3343 978-250-3373 http://mwj.hotims.com/16343-54

60 Huber + Suhner AG  . . . . . . . . . . . . . . . .129,171  . . . . . . . .+41 71 353 41 11 +41 71 353 44 44 http://mwj.hotims.com/16343-60
IEEE MTT-S International 

Microwave Symposium  . . . . . . . . . . . .164 www.ims2009.org
IEEE WAMICON 2009  . . . . . . . . . . . . . . .82 www.wamicon.org

61 Instruments for Industry Inc.  . . . . . . . .172–173 . . . . . . . . . .631-467-8400 631-467-8558 http://mwj.hotims.com/16343-61
62 ITT Microwave Systems  . . . . . . . . . . . . . . .70  . . . . . . . . . . . .978-441-0200 http://mwj.hotims.com/16343-62

63,64 ITU-Shows  . . . . . . . . . . . . . . . . . . . . . . .224,225 . . . . . . . . .+41 22 730 6161 +41 22 730 6444 http://mwj.hotims.com/16343-63
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65 JFW Industries, Inc.  . . . . . . . . . . . . . . . . . .75  . . . . . . . . . . . .317-887-1340 317-881-6790 http://mwj.hotims.com/16343-65
66 JQL Electronics Inc. . . . . . . . . . . . . . . . . . .108 . . . . . . . . . . . .888-236-9828 630-823-2902 http://mwj.hotims.com/16343-66
67 K&L Microwave, Inc. . . . . . . . . . . . . . . . . . .7 . . . . . . . . . . . . .410-749-2424 443-260-2268 http://mwj.hotims.com/16343-67
68 Keithley  . . . . . . . . . . . . . . . . . . . . . . . . . . . .49  . . . . . . . . . . . .888-588-9238 http://mwj.hotims.com/16343-68
158 KR Electronics, Inc.  . . . . . . . . . . . . . . . . . .236 . . . . . . . . . . . .732-636-1900 732-636-1982 http://mwj.hotims.com/16343-158
69 Labtech Microwave  . . . . . . . . . . . . . . . . . .116  . . . . . . . . .+44 (0)1544 260093 +44 (0)1544 260310 http://mwj.hotims.com/16343-69
70 Linear Technology Corporation . . . . . . . . . .9 . . . . . . . . . . . . .800-454-6327 http://mwj.hotims.com/16343-70
71 Lorch Microwave . . . . . . . . . . . . . . . . . . . . .67  . . . . . . . . . . . .800-780-2169 410-860-1949 http://mwj.hotims.com/16343-71

M/A-COM, Inc.  . . . . . . . . . . . . . . . . . . . . .175 . . . . . . . . . . . .800-366-2266 978-442-5350 http://macom.com
72 MECA Electronics, Inc. . . . . . . . . . . . . .176–177 . . . . . . . . . .973-625-0661 973-625-9277 http://mwj.hotims.com/16343-72
74 MFG Galileo Composites  . . . . . . . . . . . . .230 . . . . . . . . . . . .775-827-2222 http://mwj.hotims.com/16343-74
75 MIcable Inc.  . . . . . . . . . . . . . . . . . . . . . . . .233  . . . . . . . . . .86-591-87382855 http://mwj.hotims.com/16343-75
76 Micro Lambda Wireless, Inc. . . . . . . . . .178–179 . . . . . . . . . .510-770-9221 http://mwj.hotims.com/16343-76
77 Microphase Corporation  . . . . . . . . . . . . . . .80  . . . . . . . . . . . .203-866-8000 203-866-6727 http://mwj.hotims.com/16343-77
78 Microsemi  . . . . . . . . . . . . . . . . . . . . . . . . . .40  . . . . . . . . . . . .541-382-8028 http://mwj.hotims.com/16343-78
79 Microwave Development Laboratories  .180-181  . . . . . . .781-292-6680/6684 781-453-8629 http://mwj.hotims.com/16343-79
80 Microwave Filter Company, Inc.  . . . . . . . .114 . . . . . . . . . . . .800-448-1666 315-463-1467 http://mwj.hotims.com/16343-80

Microwave Journal  . . . . . . . . . . . . .118,182,183,194,
 . . . . . . . . . . . . . . . . . . . . . . . . . .204,222,236,247  . . . . . .800-225-9977 781-769-5037 www.mwjournal.com

81 Microwave Solutions, Inc.  . . . . . . . . . . .184–185 . . . . . . . . . .619-474-7500 619-474-4600 http://mwj.hotims.com/16343-81
82,83,84, Mini-Circuits  . . . . . . . . . . . . . . . . . . . . .4–5,20,33,
85,86,87,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .43,71,72,
88,89,90,  . . . . . . . . . . . . . . . . . . . . . . . . . . .81,95,102–103,
91,92,93,  . . . . . . . . . . . . . . . . . . . . . . . . . . . .115,137,219,

94,95  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .27,245  . . . . . . . . . .718-934-4500 718-332-4661 http://mwj.hotims.com/16343-82
96,97,98 MITEQ Inc. . . . . . . . . . . . . . . . . . . . . . .3,133,243  . . . . . . . . .631-436-7400 631-436-7430 http://mwj.hotims.com/16343-96

Mitsubishi Electric Europe B.V.  . . . . . . . .186  . . . . . . . . .+49 (0) 2102/486 0 +49 (0) 2102/486 4140 http://mitsubishichips.com
99 Modco, Inc. . . . . . . . . . . . . . . . . . . . . . . . . .236 . . . . . . . . . . . .775-331-2442 775-331-6266 http://mwj.hotims.com/16343-99
100 Modelithics, Inc.  . . . . . . . . . . . . . . . . . . .56,187  . . . . . . . . . .888-359-6359 813-558-1102 http://mwj.hotims.com/16343-100
101 Modular Components National, Inc. . . .188–189 . . . . . . . . . .410-879-6553 410-638-7356 http://mwj.hotims.com/16343-101
102 Molex RF/Microwave 

Connector Division  . . . . . . . . . . . . .190–191 . . . . . . . . . .317-834-5600 317-834-5611 http://mwj.hotims.com/16343-102
103 Narda Microwave-East, 

an L3 Communications Co. . . . . . . .192–193 . . . . . . . . . .631-231-1700 631-231-1711 http://mwj.hotims.com/16343-103
104 Noisecom  . . . . . . . . . . . . . . . . . . . . . . . . .COV 2  . . . . . . . . . .973-386-9696 973-386-9191 http://mwj.hotims.com/16343-104
105 NoiseWave Corp.  . . . . . . . . . . . . . . . . . . . . .8 . . . . . . . . . . . . .973-386-1119 973-386-1131 http://mwj.hotims.com/16343-105
106 OEwaves  . . . . . . . . . . . . . . . . . . . . . . . . . . .226 . . . . . . . . . . . .626-449-5000 http://mwj.hotims.com/16343-106
107 OML Inc.  . . . . . . . . . . . . . . . . . . . . . . . . . .131 . . . . . . . . . . . .408-779-2698 408-778-0491 http://mwj.hotims.com/16343-107
108 Orbit/FR Inc.  . . . . . . . . . . . . . . . . . . . . . . . .96  . . . . . . . . . . . .215-674-5100 http://mwj.hotims.com/16343-108
109 Picosecond Pulse Labs Inc. . . . . . . . . . . . . .98  . . . . . . . . . . . .303-209-8100 303-447-2236 http://mwj.hotims.com/16343-109
110 Pole/Zero Corporation  . . . . . . . . . . . . . . . . .6 . . . . . . . . . . . . .513-870-9060 513-870-9064 http://mwj.hotims.com/16343-110
111 Programmed Test Sources, Inc.  . . . . . . .COV 3  . . . . . . . . . .978-486-3400 978-486-4495 http://mwj.hotims.com/16343-111
112 Pulsar Microwave Corporation  . . . . . . . . . .66  . . . . . . . . . . . .800-752-3043 973-779-2727 http://mwj.hotims.com/16343-112
73 Quest Microwave Inc.  . . . . . . . . . . . . . . . .232 . . . . . . . . . . . .408-778-4949 408-778-4950 http://mwj.hotims.com/16343-73

R&K Company Limited  . . . . . . . . . . . . . . .195  . . . . . . . . . .+81-545-31-2600 +81-545-31-1600 http://rk-microwave.com
113 Radiall  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .211 . . . . . . . . . . .33-1-49-353535 33-1-48-546363 http://mwj.hotims.com/16343-113
114 Reactel, Incorporated . . . . . . . . . . . . . . .196–197 . . . . . . . . . .301-519-3660 301-519-2447 http://mwj.hotims.com/16343-114
115 Remcom  . . . . . . . . . . . . . . . . . . . . . . . . .198–199 . . . . . . . . . .814-861-1299 814-353-1420 http://mwj.hotims.com/16343-115
116 REMEC Defense & Space  . . . . . . . . . . . . .38  . . . . . . . . . . . .858-560-1301 http://mwj.hotims.com/16343-116
117 RF & Hyper Europe 2008  . . . . . . . . . . . . .237  . . . . . . . . .33 (0)1 49 68 51 00 33 (0)1 53 30 95 31 http://mwj.hotims.com/16343-117
118 RF TEC Mfg., Inc.  . . . . . . . . . . . . . . . . . . .236 . . . . . . . . . . . .770-487-2187 770-486-9499 http://mwj.hotims.com/16343-118
119 RFcore Co., Ltd. . . . . . . . . . . . . . . . . . . . . .212  . . . . . . . . . . .82 31 708 7575 82 31 708 7596 http://mwj.hotims.com/16343-119

120,121,122 RFHIC  . . . . . . . . . . . . . . . . . . . . . . . . . .58,60,62 . . . . . . . . .82-31-250-5011 82-31-250-5088 http://mwj.hotims.com/16343-120
123,124 RFMD  . . . . . . . . . . . . . . . . . . . . . . . . .37,200-201  . . . . . . . .336-678-5570 336-931-7454 http://mwj.hotims.com/16343-123

125 Rogers Corporation  . . . . . . . . . . . . . . . .202–203 . . . . . . . . . .480-961-1382 480-961-4533 http://mwj.hotims.com/16343-125
126,127,128, Rohde & Schwarz GmbH  . . . . . . .50–51,121,123,125,

129,130  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .127,205  . . . . . . . .+49-1805-124242 +49-89-412913777 http://mwj.hotims.com/16343-126
131 Rosenberger  . . . . . . . . . . . . . . . . . . . . . . .63,206  . . . . . . . . . .+49-8684-18-0 +49-8684-18-499 http://mwj.hotims.com/16343-131
132 S.M. Electronics  . . . . . . . . . . . . . . . . . . . . .101 . . . . . . . . . . . .800-715-4396 972-984-1218 http://mwj.hotims.com/16343-132
133 Sector Microwave Industries, Inc.  . . . . . . .236 . . . . . . . . . . . .631-242-2300 631-242-8158 http://mwj.hotims.com/16343-133
134 Sonnet Software, Inc.  . . . . . . . . . . . . . . . . .23  . . . . . . . . . . . .315-453-3096 315-451-1694 http://mwj.hotims.com/16343-134
135 Southwest Microwave Inc.  . . . . . . . . . . . . .107 . . . . . . . . . . . .480-783-0201 480-783-0360 http://mwj.hotims.com/16343-135
136 Spacek Labs Inc.  . . . . . . . . . . . . . . . . . . . . .94  . . . . . . . . . . . .805-564-4404 805-966-3249 http://mwj.hotims.com/16343-136
137 Spectrum Elektrotechnik GmbH  . . . . . . .145  . . . . . . . . . .+49-89-3548-040 +49-89-3548-0490 http://mwj.hotims.com/16343-137
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