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Early Returns: U.S. Export 
Control Reform Positive
Gary Lerude
Microwave Journal Technical Editor 

For decades, U.S. export control regula-
tions have been a target of frustration 
for industry and government, both 

within and outside the country. The frustra-
tion led to episodic discussions by presiden-
tial administrations of reforming the system, 
followed by little action. Those whose careers 
have taken them to foreign shores to sell U.S. 
electronics have encountered exasperated if 
not furious customers promising never to buy 
another component requiring a U.S. export li-
cense. Others who have engaged the Depart-
ments of State or Commerce seeking a license 
— often beginning with the question of which 
agency had jurisdiction for a product — can 
likely tell stories of Kafkaesque experiences 
with ITAR, commodity jurisdictions, EAR99, 
end use and dual use.

Those who have experienced this history 
might fi nd the “export control reform” that 
ushered in 2015 hard to believe, even miracu-
lous. Yet, teams from the Departments of De-
fense, State and Commerce have patiently and 
steadfastly fashioned a major and encouraging 
reform.

GENESIS
April 20, 2010. U.S. Secretary of Defense 

Robert Gates stood before the 400-member 
Business Executives for National Security 
(BENS) and outlined his vision for export con-
trol reform,1 one piece of his broader mission 
to “adapt and reform America’s national secu-

rity apparatus.” Gates wasn’t acting alone. The 
prior August, President Barack Obama made 
export control reform one of the initiatives of 
his administration.

Saying that the U.S. had one of the most 
stringent export control regimes in the world, 
Gates added “stringent is not the same as effec-
tive.” He said that what was being controlled 
with the existing policy was too broad, quoting 
Frederick the Great that “he who defends ev-
erything defends nothing.” The multi-agency 
bureaucracy for export control that was created 
to provide checks and balances was ineffi cient. 
Which agency had the authority and jurisdic-
tion for a particular license was often confus-
ing, both to exporters and government offi cials. 
Perhaps the worst issue was the friction the 
system caused with U.S. allies. “Finally, the 
current export control regime impedes the ef-
fectiveness of our closest military allies, tests 
their patience and goodwill, and hinders their 
ability to cooperate with U.S. Forces,” Gates 
said.

He was preaching to the choir. The audience 
knew the issues. They wanted to hear what he 
would do to fi x the problems. The solution the 
Secretary of Defense outlined had been agreed 
upon by his counterparts at State, Commerce 
and Homeland Security as well as the Director 
of National Intelligence and the National Se-
curity Advisor. Although it would also require 
congressional action, presumably the heads of 
these agencies could make it happen — unlike 

Aerospace & Defense Electronics
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The fi rst step to reform the export 
licensing system has been to pare the 
USML to only the defense articles that 
are deemed most important to U.S. na-
tional security. DDTC retains respon-
sibility for issuing the export licenses 
for these items. Not-as-critical defense 
items have been transferred to BIS and 
categorized on a newly created group 
of export control numbers called the 
“600 series” on the CCL (and 9×515 
for satellite items). BIS is responsible 
for issuing licenses for these trans-
ferred items. Figure 2 illustrates the 
control hierarchy post reform.

The USML comprises 21 catego-
ries, spanning ammunition to ships, 
directed energy weapons to toxico-
logical agents.2 By the end of last year, 
15 of the 21 had been revised to move 
the not-as-critical items to the CCL. 
Two of the categories on the USML 
are relevant to the RF/microwave in-
dustry, and both have been updated: 
military electronics (category XI) and 
spacecraft and related articles (cat-

of a dual-use prod-
uct.

The export of 
defense articles re-
quired a license is-
sued by the Direc-
torate of Defense 
Trade Controls 
(DDTC) of the De-
partment of State 
and governed by the 
International Traffi c 
in Arms Regulations 
(ITAR). The export 
of commercial and 
dual-use products 
was governed by the 
Bureau of Industry 
and Security (BIS), 
part of the Depart-
ment of Commerce, per the Export 
Administration Regulations (EAR). 
BIS maintained a Commerce Control 
List (CCL) of products that, along 
with the purchaser and destination 
country, determined if the product 
could be exported and, if so, whether 
an export license was required.

Figure 1 shows the process a 
company would follow to determine 
whether a license was required to 
export a product. Confused? If so, 
companies could request a Commod-
ity Jurisdiction (CJ) from the DDTC, 
which would determine if the prod-
uct fell on the USML and was subject 
to ITAR. After ruling out the USML, 
a company could request a commod-
ity classifi cation from BIS, which 
would determine whether the prod-
uct was governed by the EAR and 
then its Export Control Classifi cation 
Number (ECCN). However, BIS 
could not say whether an item was on 
the USML.

More frustrating than the uncer-
tainty of which agency had jurisdiction 
for a product was the infl exibility of 
the ITAR. The regulations treated the 
components of a system the same as 
the system. Exporting a bolt designed 
for a fi ghter was controlled essentially 
the same as the fi ghter. While the like-
lihood of getting an export license for 
a bolt would presumably be greater, 
the process was the same. This fl ood 
of licenses clogged the system, con-
suming resources that should have 
been focused on licenses truly impor-
tant to national defense.

the initiatives under previous admin-
istrations.

The ultimate export control re-
form objective articulated by Secre-
tary Gates that day had four elements: 
creating a single export control list, 
using a single information technology 
(IT) system, issuing licenses through 
a single agency and coordinating en-
forcement through a single agency. In 
Gates’ view, “A single export control 
list will make it clear to U.S. compa-
nies which items require licenses for 
export and which do not.” He add-
ed that the single licensing agency 
“which will have jurisdiction over 
both munitions and dual-use items 
and technologies, will streamline the 
review process and ensure that export 
decisions are consistent and made 
on the real capabilities of the tech-
nology. This single entity would also 
reduce exporters’ current confusion 
over where and how to submit export 
license applications, as well as which 
technologies and items are likely to be 
approved.”

Gates said the process of export 
control reform would occur in three 
phases. Acting within its existing au-
thority, the Executive branch would 
begin the transition to a single control 
list and licensing agency. Completing 
the effort would require legislation by 
Congress, which would be the third 
phase. The middle step would imple-
ment the single IT system to support 
the unifi ed export control list and li-
censing system. While the vision of a 
single list and agency is not yet reality, 
signifi cant change is occurring within 
the existing structure.

EXPORT 101
Prior to reform, a company wish-

ing to export a product (or service or 
technical data) fi rst classifi ed it as ei-
ther 1) defense or 2) commercial or 
“dual-use.” The defense category cap-
tured products designed or modifi ed 
for a military system or application, 
like the F-35 fi ghter. These “defense 
articles” were identifi ed on the United 
States Munitions List (USML). The 
second category encompassed prod-
ucts developed for purely commercial 
markets, such as mobile phones, or 
products that could be used in either 
military or commercial applications 
(dual-use). A transistor is one example 

V Fig. 1  Export license decision tree, prior to export reform.
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egory XV). In paring the USML to 
just the defense articles that provide 
the United States with a critical mili-
tary or intelligence advantage, the 
lists contain specifi c products and 
avoid, with some exceptions, “catch 
all” phrases.

The revised military electronics 
category identifi es systems such as 
radar; electronic combat; command, 
control and communications; direc-
tion fi nding equipment; and equip-
ment specially designed to test these 
systems. Below the system level, the 
USML logically captures application 
specifi c integrated circuits (ASIC) and 
programmable logic devices (PLD) 
that are programmed for these sys-
tems as well as printed circuit boards 
and multi-chip modules where the 
layout is “specially designed” for the 
system.

The list also identifi es a few RF 
components as defense articles:
•  Circulators where the isolation 

is greater than 30 dB and any di-
mension is a quarter-wavelength 
or smaller at the highest operating 
frequency

•  Transmit or transmit/receive (T/R) 
modules that incorporate mono-
lithic microwave integrated circuits 
(MMIC) or discrete RF power 
transistors, have electronically vari-
able phase and a size small enough 
to enable a phased array

•  Digital radio frequency memory 
(DRFM) with better than 400 
MHz instantaneous bandwidth and 
four bits or greater resolution

•  Certain vacuum electronics devic-
es with multiple or sheet electron 
beams or cross-fi eld amplifi ers.
The revision includes a provision 

that “developmental electronic equip-
ment or systems funded by the De-
partment of Defense” will be on the 
USML beginning July 1, 2015. There 
are a couple of exceptions to this: if 
the contract identifi es the product as 
“being developed for both civil and 
military applications” or a CJ deter-
mines that the EAR governs the prod-
uct.

In category XV, pertaining to satel-
lites and spacecraft, only two space-
qualifi ed components remain on the 
USML:
•  Certain MMICs that integrate a 

T/R module on a single die and 

•  Low phase noise oscillators for 
space-based radar.

MMICs AND DISCRETE 
MICROWAVE TRANSISTORS

Exporting MMIC power amplifi ers 
and microwave power transistors has 
long been a concern to the Depart-
ment of Defense (DoD). In the 1980s 
and ‘90s, the DoD funded the early de-
velopment of GaAs MMICs as an en-
abling technology for active phased ar-
ray radar. DoD also invested in gallium 
nitride (GaN) to achieve even higher 
power than available with GaAs. Ac-
tive phased arrays have revolutionized 
radar; they provide a strategic military 
advantage, and, understandably, the 
DoD wants to retain U.S. technol-
ogy leadership. Restricting exports has 
been a bulwark of their strategy. U.S. 
industry and the DoD have long de-
bated the best way to protect national 
security interests while not hindering 
the industry’s competitiveness in glob-
al commercial markets. Commercial 
markets for MMICs dwarf military ap-
plications, and GaAs and GaN process 
technology are found worldwide, in 
Europe, Japan, Taiwan and mainland 
China. Where to draw that line has 
been an interesting eddy in the wider 
current of export control reform.

To govern commercial and dual-
use products, the EAR has categories 
for “microwave monolithic integrated 
circuits” (3A001.b.2) and “discrete 
microwave transistors” (3A001.b.3). 
Historically, the requirement for an 
export license from BIS was deter-
mined by the operating frequency and 
average output power. Average power 
proved to be confusing, as the applica-
tion (e.g., pulsed or continuous wave) 
really determined the average power, 
not the device.

During 2012 and 2013, BIS solic-
ited industry feedback on a proposal 
to change from average to “peak satu-
rated power.” They also subdivided 
the prior frequency range into more 
bands covering 2.7 to above 90 GHz. 
These revisions were proposed to the 
Wassenaar Arrangement, a consor-
tium of 41 nations that harmonize 
export controls.3 In December 2013, 
the Wassenaar Arrangement formal-
ly adopted and incorporated these 
changes to their list of dual-use goods 
and technologies.

As the same changes were working 
their way through the U.S. bureau-
cracy to be incorporated in the EAR, 
a multi-agency team was developing 
the criteria for the new 600 series con-
trol for military electronics − ECCN 
3A611 – that would result from revi-
sions to the USML. The team added 
effi ciency to the usual parameters of 
power, frequency and bandwidth to 
defi ne which devices would fall on 
the Commerce munitions list. As-
suming military applications demand 
higher effi ciency, effi ciency would be 
a clear differentiator to protect criti-
cal technology. The proposed thresh-
olds for MMICs (ECCN 3A611.c) 
and microwave power transistors 
(3A611.d) were issued on July 1, 2014 
and scheduled for implementation on 
December 30, 2014.

The 3A611 proposal was viewed 
with alarm by several MMIC sup-
pliers and at least one commercial 
telecommunications system manu-
facturer. In response, representatives 
from several U.S. companies gathered 
in Washington to meet with govern-
ment offi cials from BIS, DDTC, the 
Defense Technology Security Admin-
istration (DTSA), and other DoD or-
ganizations on August 15, 2014. The 
forum hosted by BIS allowed industry 
to provide feedback on the proposed 
3A611 criteria. The industry group 
said that the effi ciency requirements 
of commercial applications are often 
as great — even greater — than those 
of military systems. Further, they ex-
plained that effi ciency is a nebulous 
specifi cation, with multiple defi nitions 
and values that vary with how the de-
vice is biased and driven. If the new 
3A611 guidelines were implemented, 
industry argued that exports for bona 
fi de civil applications would be re-
quired to follow the more stringent 
licensing requirements. Cellular and 
WiMAX base stations, point-to-point 
radio for backhaul, satellite ground 
terminals, test equipment for commu-
nications and civilian radar were cited 
as markets that would be adversely 
impacted. One semiconductor com-
pany said that 39 products that pre-
viously did not require a license (i.e., 
classifi ed as EAR99) would require 
licenses. All 39 of the products were 
sold internationally to commercial 
customers, some for more than a de-
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cade. The system manufacturer said 
the lack of a de minimis provision in 
3A611 would force a redesign to use 
non U.S. MMIC suppliers. The gov-
ernment team asked each company to 
provide data on the specifi c products 
and associated revenue that would be 
affected, allowing them to understand 
the economic impact.

On December 23, just a week be-
fore the 3A611 categories for MMICs 

and microwave power transistors were 
to become effective, BIS published a 
fi nal rule in the Federal Register that 
eliminated 3A611.c and .d. The ruling 
stated “BIS did not adopt changes to 
the control based on fractional band-
width, peak saturated power output, 
and/or power added effi ciency because 
the agency found that attempting to 
designate some MMIC power amplifi -
ers and discrete microwave transistors 

as civil and others as military based on 
those characteristics is impractical, and 
any resulting classifi cation would not 
accurately refl ect real world applica-
tions for those devices.”

However, the fi nal rule added “na-
tional security” and “regional stabil-
ity” controls to the existing 3A001.b.2 
and b.3 ECCNs, except for civil tele-
communications applications. This 
restricts the license exceptions for 
MMICs and discrete microwave tran-
sistors that are being exported for 
applications other than civil telecom-
munications. As explained in the rul-
ing “These actions will allow the U.S. 
Government to examine in advance 
the exports and reexports of MMIC 
power amplifi ers and discrete micro-
wave transistors that pose the greatest 
risk of diversion or enhancement of 
potential adversaries’ military capa-
bilities without imposing unnecessary 
licensing requirements on low risk 
transactions.”

Table 1 summarizes the perfor-
mance thresholds for MMICs that 
require an export license (ECCN 
3A001.b.2). Table 2 contains the 
same information for discrete micro-
wave transistors (ECCN 3A001.b.3). 
Both tables are taken from the CCL 
as of December 30, 2014.

TABLE 1
 3A001.b.2 MMIC OUTPUT POWER 

AND BANDWIDTH THRESHOLDS

Frequency 
Band
(GHz)

Peak 
Saturated 

Output 
Power 

Greater 
Than

Fractional 
Bandwidth

Greater Than
(%)

2.7 to 2.9 75 W 15

2.9 to 3.2 55 W 15

3.2 to 3.7 40 W 15

3.7 to 6.8 20 W 15

6.8 to 8.5 10 W 10

8.5 to 16 5 W 10

16 to 31.8 3 W 10

31.8 to 37 0.1 nW

37 to 43.5 1 W 10

43.5 to 75 31.62 mW 10

75 to 90 10 mW 5

Above 90 0.1 nW����#BZMJT�3PBE
�.FMWJMMF
�/:�������t�5FM��	���
���������
'BY��	���
����������t�XXX�DPNUFDIQTU�DPN�t�TBMFT!DPNUFDIQTU�DPN

$PNUFDI�T�BNQMJmFS�NPEVMFT�BOE�

USBOTNJUUFS�TZTUFNT�QSPWJEF�QFBL�

PVUQVU�QPXFS�VQ�UP���L8�

$VTUPN�GFBUVSFT�JODMVEF�CVJMU�JO�

TFMG�QSPUFDUJPO�DJSDVJUSZ
�NPOJUPSJOH
�

BOE�PQUJPOT�GPS�DPOUSPM�PG�QIBTF�BOE�

BNQMJUVEF�UP�GBDJMJUBUF�JOUFHSBUJPO�JOUP�

IJHI�QPXFS�TZTUFNT�VUJMJ[JOH�CJOBSZ�PS�

QIBTFE�BSSBZ�DPNCJOJOH�UFDIOJRVFT�

 Contact us today with your 

requirements and specs...we’ll  

meet your needs and exceed  

your expectations.

Comtech...simply more.

/FX�Gallium Nitride�	(B/
�
Amplifiers�GPS�S and X Band�3BEBST

Model BMC858109-600
�������()[
�����8BUU
�9�#BOE
� 
4PMJE�4UBUF�1PXFS�"NQMJmFS�.PEVMF

Model BMC318358-900
��������()[
�����8BUU
�4�#BOE
� 
4PMJE�4UBUF�1PXFS�"NQMJmFS�.PEVMF

COM31705RadarAmpAdJEDIsHf.indd   1 12/4/14   3:33 PM

__5M37S FINAL Proof.indd   14 4/27/15   3:44 PM

http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=S14&exitLink=http%3A%2F%2Fwww.comtechpst.com
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=S14&exitLink=mailto%3Asales%40comtechpst.com


MWJSUPPRICHARDSON0515.indd   15 4/22/15   3:12 PM

http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=S15&exitLink=http%3A%2F%2Frichardsonrfpd.com%2Fmmrf5014hr5
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=S15&exitLink=http%3A%2F%2Fwww.richardsonrfpd.com
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=S15&exitLink=http%3A%2F%2Fwww.richardsonrfpd.com%2FPages%2FProduct-Details.aspx%3Fproductld%3D1155664


16  AEROSPACE & DEFENSE ELECTRONICS SUPPLEMENT ■ MAY 2015

Aerospace & Defense Electronics
FRIENDLY LICENSING OFFICERS

Kevin Wolf is the Assistant Secre-
tary of Commerce for Export Admin-
istration (see Figure 3). He joined the 
Obama administration after spending 
17 years with a Washington law fi rm  
that focused on export cases. Sworn 
in two months before Robert Gates 
spoke at the BENS conference, Wolf 
became the regulator and the export 
control reform champion at BIS.

As he has done dozens of times 
since 2010, Wolf rattles off the list of 
benefi ts spawned by export reform. 
“Commerce allows license excep-
tions,” he begins, the biggest being 
provisions associated with the 36 
strategic trade authorization (STA) 
countries. These include replacement 
parts, limited value shipments and 
temporary exports. Unlike ITAR, the 
EAR has a de minimis provision that 

allows exports where the value of the 
product is less than 25 percent of the 
total value of the end equipment, so 
long as the ultimate end use is not in 
an embargoed country. BIS doesn’t 
require separate licenses for manu-
facturing, technical assistance agree-
ments or proposals. Congressional 
reporting, registration and import are 
all simpler, and BIS doesn’t charge 
for licenses. He concludes that Com-
merce is very fl exible, meaning they 
can tailor licenses, and adds “we have 
very friendly licensing offi cers.”

Although it’s early in the process, 
Wolf is pleased with the initial results. 
DDTC is seeing a signifi cant reduction 
in license applications and CJs, “espe-
cially for lower-level items.”  That’s the 

TABLE 2
 3A001.b.3 DISCRETE MICROWAVE 

TRANSISTOR OUTPUT POWER 
THRESHOLDS

Frequency Band
(GHz)

Peak Saturated 
Output Power 
Greater Than

2.7 to 2.9 400 W

2.9 to 3.2 205 W

3.2 to 3.7 115 W

3.7 to 6.8 60 W

6.8 to 8.5 50 W

8.5 to 12 15 W

12 to 16 40 W

16 to 31.8 7 W

31.8 to 37 0.5 W

37 to 43.5 1 W

Above 43.5 0.1 nW

V Fig. 3  Kevin Wolf, Assistant Secretary of 
Commerce for Export Administration.
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TriQuint’s Richardson, Texas facility 
is a “trusted source,” fi rst accredited 
by DoD in 2008, and the company’s 
GaN technology has been developed 
with signifi cant R&D funding from 
DoD. Qorvo is also a major supplier 
of MMICs for base station, point-to-
point radio and optical markets.

Export control reform has been 
positive, according to Klein, although 
the change just occurred at the begin-
ning of 2015. They saw 37 products 
move from the 3A001 classifi cation 
to EAR99, due to the change from 
average to peak power; a few moved 
the other way. They are still learning 
about the Commerce licensing pro-
cess for products that are not classi-
fi ed as civil telecommunications, such 
as automotive radar. He feels it’s pre-
mature to judge whether the changes 
will increase their international de-
fense business. “It’s too early to tell.” 
If he has a concern, it’s that the initial 
rollout has been a little conservative, 
meaning the export thresholds don’t 
recognize the fast-moving trends in 
the commercial markets that push 
frequencies and power levels higher. 
As examples he notes LTE-Advanced 
and 5G, the latter moving to adopt 
millimeter wave spectrum for very 
high data rate links.

Klein sees Qorvo’s responsibility as 
helping government offi cials keep up 
to date with the market and interna-
tional suppliers. “Qorvo has a broad 
portfolio of products, serving a wide 
range of commercial and defense-re-
lated markets. The new export regula-
tions have been positive for products 
that are applicable to the civil tele-

The view from industry is similar 
to Kevin Wolf’s. James Klein (see Fig-
ure 4) is president of the Infrastruc-
ture and Defense Products (IDP) 
business of Qorvo, the combination 
of TriQuint’s IDP business unit and 
RFMD’s Multi-Market Products 
Group (MPG). Qorvo is likely the 
largest RF/microwave semiconduc-
tor supplier with a portfolio in both 
defense and commercial markets. 

intent. Although they hoped to have 
purely objective criteria for each of 
the products, it wasn’t possible with 
MMICs. They recognized that effi -
ciency was not an effective discrimi-
nator between commercial and mili-
tary so adopted an end-use defi nition, 
carving out civil telecommunications to 
minimize the adverse impact on indus-
try. Even so, Wolf is “very grateful for 
the clarity,” which is better than before.

V Fig. 4  James Klein, president of the 
Infrastructure and Defense Products business 
at Qorvo.
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process, since they can submit most 
proposals under a license exception. 
“I’m loving that aspect of it,” he says. 
However he is concerned with the 
stipulation in the USML that products 
developed with government funding 
could be ITAR controlled. That may 
cause them to avoid some government 
development programs.

Everyone agrees that it’s too early 
to judge the success of the changes, 
despite the initial positive signs. In 
another year companies and govern-
ment regulators will have consider-
able experience to judge what is work-
ing well, where the bottlenecks lie and 
further changes that are warranted. 
Kevin Wolf says the government’s 
mantra with export control reform 
has been “fl exibility, adaptability and 
transparency,” and he encourages in-
dustry to communicate with the agen-
cies.

Speaking at the annual BIS export 
conference held in July 2014, Wolf 
refl ected on the progress since the 
administration committed to export 
reform. “This is all moving us closer to 
one of my personal goals for the lim-
ited time I have in government, which 
is that the export control agencies think 
of themselves as part of one system, one 
administration, bound by the rules, but 
willing and able to change those rules 
in a transparent, regularized process 
as foreign policy and national security 
considerations change, and as technol-
ogy evolves.”5 ■

References
1.  Remarks by Secretary Gates to the Busi-

ness Executives for National Security on 
the U.S. Export Control System, April 20, 
2010, www.defense.gov/transcripts/tran-
script.aspx?transcriptid=4613

2.  United States Munitions List, www.ecfr.
gov/cgi-bin/text-idx?node=pt22.1.121

3.  Wassenaar Arrangement, www.wassenaar.org
4.  Commerce Control List, www.ecfr.gov/cgi-

bin/text-idx?rgn=div5&node=15:2.1.3.4.45
5.  Remarks of Kevin J. Wolf, Assistant Secre-

tary of Commerce for Export Administra-
tion, July 29, 2014, www.bis.doc.gov/index.
php/about-bis/newsroom/speeches/148-
about-bis/newsroom/speeches/speech-
es-2014/722-remarks-of-kevin-j-wolf-as-
sistant-secretary-of-commerce-for-export-
administration-july-29-2014

company, an executive with a manu-
facturer of vacuum electronics prod-
ucts sees the changes in export control 
as “overall positive.” Their  non-clas-
sifi ed defense products have moved 
from the USML to the 600 series cat-
egory governed by BIS. “ITAR was a 
hazy, gray area subject to interpreta-
tion. It’s more predictable now, and 
I’m feeling much more comfortable.” 
The change has opened up their sales 

communications industry, which is a 
very important market for us. We will 
continue to work with the Department 
of Commerce to understand how the 
new rules are applied for defense and 
aerospace, and we are hopeful that 
we will see improvements in licensing 
speed and availability for that market 
segment going forward.”

Speaking unoffi cially, because he 
was not authorized to speak for his 

Editor’s Note: Share your experiences 
with export control reform. You may 
leave comments at the online version of 
the article, www.microwavejournal.com/
exportcontrolreform.
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A&D Test & Measurement 
Trends
John S. Hansen
Keysight Technologies Inc., formerly Agilent Technologies electronic measurement business
Santa Rosa, Calif.

With shrinking defense budgets and smaller military forces relying on greater 
technological capabilities, the push is stronger than ever to do more with less 
while at the same time meeting unprecedented performance and reliability 
requirements. In response to these pressures, test tools must provide greater 
ease of use, lower test costs and perhaps most importantly, cutting edge 
performance.

The aerospace and defense (A&D) en-
vironment can be broken up in several 
ways. When discussing test and mea-

surement equipment it is best to divide it into 
separate functional areas as shown in Figure 1. 
Common technologies include, but aren’t lim-
ited to, array antennas, multi-function systems, 
mixed-signal processing and mmWave.

ADVANCED CAPABILITIES NEEDED 
FROM TEST EQUIPMENT

The development of new and advanced EW, 
radar and communications systems drives re-
quirements for performance and usability of 
signal simulation and analysis equipment. Test 
systems must employ wider bandwidth signals 

and move acquired or stored RF signal data 
from one instrument or storage element to an-
other in a real time environment. Data trans-
fer rates on the order of 10 GB/s (equivalent 
to about 2 GHz RF bandwidth) are required. 
High speed (to real time) reduction and analy-
sis of massive data streams within the instru-
ment is a common need. This must be accom-
plished in the FPGA, DSP or GPU; the instru-
ment controller can no longer be relied upon. 
Operations include digital up- and down-con-
version, simultaneous high resolution time and 
frequency display and real time signal genera-
tion from acquired raw data or data generated 
algorithmically for playback.

Many technologies including radar, EW and 
SIGINT are moving to multiple distributed 
apertures for higher performance and more 
capability. Multi-aperture, multi-function sys-
tems require multiple, coherent RF channels 
for signal generation and analysis.

TESTING ARRAY ANTENNAS AND 
TRANSMIT/RECEIVE MODULES (TRM)

In radar and EW systems the use of active 
electronically scanned array (AESA) antennas 
has become nearly ubiquitous for their many 
advantages. They enable operation in multiple 
modes to engage several targets simultane-
ously and take advantage of powerful signal V Fig. 1  A&D applications for test and measurement.
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For satellite applications, rapid electronic reposition-

ing of the antenna beam or the use of multiple beams 
permits a single AESA to communicate with multiple 
spatially distributed ground stations. Distributed TRMs 
provide an architecture tolerant to failure, providing high 
reliability in a harsh environment. Also, the antenna can 
be located on the surface of a spacecraft to avoid physical 
deployment.

A concept gaining favor for reducing AESA character-
ization time is using a wider bandwidth signal than is typi-
cally available with a traditional network analyzer. With a 
wideband signal, a group of frequency states is tested at 
one time, and the wide bandwidth stimulus more closely 
matches device or system operating conditions.

Digital broadband signal processing is moving closer to 
the antenna, creating a digital array radar (DAR), where 
the only connection to the TRM is a digital bus (see Fig-
ure 2). It poses a new and unique problem when one side 

of a network is comprised of several 
lanes of digital data representing what 
began as an analog signal on the other 
side. A new methodology is needed to 
measure network response parameters. 
Parameters like true time delay might 
be extracted from the DSP rather than 
from analog measurements of phase and 
amplitude. Digital interconnects and 
serializer/deserializer links add their 
own distortion and latency that must be 
characterized.

NEED FOR SOFTWARE DEFINED 
TEST SYSTEMS

A&D system architectures are becom-
ing more integrated (see Figure 3), shar-
ing physical resources such as antennas 
and processors to reduce size, weight and 
power (SWaP) as well as sharing informa-
tion to make better and more timely deci-
sions, such as how to confi gure in a given 
environment or react to a specifi c threat. 
This, in turn, drives changes in the way 
these systems are evaluated. Like the sys-
tems they assess, test solutions must use 
common hardware elements, be software 
and fi rmware defi nable and rapidly re-
confi gured when required.

MIXED SIGNAL TESTING REQUIRES 
COMPARATIVE MEASUREMENT

In modern satellite, radar and EW 
architectures, formats change as the sig-
nal passes through the transmitter and 
receiver. The signal is often represented 
on time sampled dual I/Q signal busses, 
which further complicates testing. Di-
agnosing digital issues requires different 
test interfaces to different hardware and 
the probing of I/Q busses with many test 
connections. Probing is often complicat-

processing capabilities for threat discrimination. Because 
the beam can be formed and steered electronically, no 
gimbal is required, permitting agile beam repositioning at 
extremely high rates.

V Fig. 2  T/R module concept for digital array radar.
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ed when using FPGAs, as many of the desired test points 
may not be accessible outside of the chip.

As illustrated in Figure 4, cross format analysis is of-
ten needed for troubleshooting. For A&D systems, it is 
frequently necessary to compare an analog signal with the 
originating digital signal, requiring a cross-domain analysis 
capability. Comparative analysis can extend well beyond 
baseband I/Q measurements, continuing through IF and 
RF frequencies to Ka-Band and higher into the mmWave 
region.

Vector signal analysis (VSA) software using the same 
measurement algorithms that can be used with logic an-
alyzers, digital oscilloscopes, and RF signal analyzers is 
needed to ensure proper comparison of results. This en-
ables the performance of a mixed-signal digital/RF trans-
mitter chain to be probed at various stages, providing the 
system engineer with insight into which sections of the 
design are causing issues or contributing the most to trans-
mitter output error vector magnitude (EVM). This can be 
valuable both to debug and budget system-level transmit-
ter performance.

If FPGAs are used, an FPGA dynamic probe can probe 
at various stages of the FPGA design using the VSA soft-
ware with a logic analyzer. The same VSA software can 
then be used with a digital oscilloscope or RF signal ana-
lyzer at points further along the transmit and receive chain.

NEW APPLICATIONS IN mmWAVE
The smaller wavelengths at mmWave frequencies 

(30 to 300 GHz) enable antenna dimensions to be small 
compared with microwave antennas, so transmitter and re-
ceiver systems can be very compact. Smaller wavelengths 
also enable higher resolution, particularly for synthetic 
aperture radar (SAR). With a smaller user base, mmWave 
bands tend to be much less cluttered than the VHF, UHF 
and microwave frequency bands. Additionally, large modu-
lation bandwidths can be realized with the current abun-
dance of available spectrum.

In contrast to the advantages offered by mmWave sys-
tems, there are also a number of challenges and diffi cul-
ties. Millimeter wave signals have a poor ability to pene-
trate materials and are easily blocked. Losses through most 
propagation mediums, such as the atmosphere, or through 
transmission lines like coaxial cable or waveguide are very 
high. Because the physical dimensions decrease, the asso-
ciated hardware becomes smaller and more fragile. That 
also means that it is harder to manufacture and machine 
to the tolerances needed for adequate performance. The 
combination of these factors, along with the lower volume 
of mmWave products manufactured, keeps costs high. 
These challenges are faced by the test equipment industry, 
as well.

CONCLUSION
Test equipment must adapt and improve to support 

the applications enabled by advancing A&D system tech-
nologies. Flexible, reconfi gurable software-defi ned mixed-
signal instrumentation provides a method for controlling 
test costs through hardware reuse and reduced time to fi rst 
measurement. ■
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Effi cient Design
and Analysis of 
Airborne Radomes
Gopinath Gampala, Martin Vogel and C. J. Reddy
Altair Engineering Inc., Hampton Va.

Keeping present-day challenges in mind, a complete solution is given for the 
design and analysis of radomes, from materials characterization through 
transmission loss analysis, to full 3D radome analysis for calculating radome 
induced effects. Also discussed is the design and analysis of frequency selective 
surface (FSS) radomes.

A radome (radar dome) is a structural, 
weatherproof enclosure that protects 
a radar system or antenna from its 

physical environment with minimal impact 
on the electrical performance of the antenna. 
Radomes must be radio frequency transpar-
ent and therefore constructed of materials that 
minimally attenuate the electromagnetic signal 
transmitted or received by the antenna. Select-
ing a proper radome for a given antenna can 
improve overall system performance by, for 
example, maintaining alignment, eliminating 
wind loading, allowing for all-weather opera-
tion and providing shelter for installation and 
maintenance.1 Radomes fi nd use in a wide va-
riety of applications like satellite, broadcast, 
weather, communications, telemetry, track-

ing, surveillance and radio as-
tronomy. Simulation results are 
obtained using the commercial 
3D electromagnetic simulation 
software, FEKO.2

CHARACTERIZING 
THE RADOME WALL 
CONFIGURATION

Radomes, on a broad scale, 
are classifi ed as monolithic and 
sandwich designs, based on wall 
construction as shown in Figure 

1.3 There are two types of monolithic designs, 
half-wave radomes (style-a) and electrically 
thin-walled radomes (style-b). The sandwich 
designs can be categorized into A-sandwich 
(style-c), B-sandwich (style-e) and multi-lay-
ered dielectric wall (style-d) radomes. One 
can also introduce an FSS layer into any of the 
styles to reduce its out-of-band radar cross sec-
tion (RCS). The choice of a particular confi gu-
ration or style depends on the application.

Transmission loss serves as a key design crite-
rion in selecting wall construction materials irre-
spective of the radome style. The wall construc-
tion material can be used to design a radome of 
any shape, depending on the application, after 
characterizing transmission loss. There are sev-
eral different computational electromagnetic 
(CEM) methods to determine transmission 
loss of single- and multi-layered dielectric wall 
confi gurations, but the most accurate and effi -
cient is the use of planar Green’s functions with 
the Method of Moments (MoM).4 The perfect 
alignment of transmission loss data computed 
using planar Green’s functions with published 
results, as shown in Figure 2, validates the ac-
curacy of this method. Transmission loss data 
is computed for various incident angles over a 
broad frequency range for an A-sandwich ra-
dome, constructed using 0.0762 cm quartz poly-
cyanate skins (Ƥr = 3.23, tan d = 0.016) and a 

MWJ
REVIEW
BOARD
APPROVED

V Fig. 1  Monolithic radome wall (a), 
A-sandwich (J1 > J2) or B-sandwich (J1 < 
J2) design (b), multi-layered dielectric wall 
design (c).
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1 wavelength and inner height of 1.75 
wavelengths, at 9.4 GHz.

Radome induced effects can be cal-
culated by comparing array patterns 
with and without the radome. One can 
readily deduce from Figure 3 that the 
radome introduces an insertion loss of 
0.6 dB. There is no shift in the main 
beam direction which indicates zero 
boresight error. The sidelobe levels are 
increased by 5.4 dB, because the sig-
nal blockage from the radome refl ects 
RF energy back and reduces the gain. 
This refl ection and retraction of the RF 
wave front increases sidelobe levels.

Thin-Walled Radomes
A comprehensive radome analysis 

that explicitly models the dielectric lay-
ers is expected to yield the most accu-
rate results. Unfortunately, modeling 
the physical layers is nearly impossible 
in scenarios where the overall thickness 
is much smaller than a wavelength, be-
cause the discretization required for the 
CEM solvers should be comparable to 
the thickness. However, one can utilize 
the special formulations that facilitate 
the analysis of multiple layers of thin 
dielectric and anisotropic sheets/layers, 
referred to as the thin dielectric sheet 
(TDS) approximation.4 TDS replaces 
all the dielectric layers with one equiva-
lent layer treated with a special imped-
ance boundary condition. The TDS 
formulation can be used in combination 
with MoM, where the integral equation 
(MoM solves the electric/magnetic fi eld 
integral equations to determine the un-
known surface currents) is modifi ed to 
include the surface impedance of the 
equivalent dielectric layers.

The transmission loss data illus-
trated in Figure 2 indicates that the A-
sandwich confi guration should be com-
pletely transparent to the RF signal at 
the lower end of the frequency band. A 
spherical shell radome is built with the 
same A-sandwich confi guration and 
analyzed for radome induced effects. 
Figure 4 shows the radome protecting 
a dipole array. This radome is treated 
with the TDS approximation as the 
overall thickness of the 3-layer radome 
wall is much smaller than a wavelength 
at the lower end of the frequency band 
(more specifi cally at 2.35 GHz).

The gain patterns with and without 
the radome (see Figure 5) demon-
strate that the A-sandwich confi gura-
tion introduces minimal insertion loss, 

Modest-Size Radomes
One can use the full-wave CEM 

solvers like MoM,5 Finite Element 
Method (FEM)6 and Finite Differ-
ence Time Domain (FDTD)7 for 
the complete analysis of an arbitrary 
shaped radome. These full-wave 
solvers are equally accurate but dif-
fer in the computational resources 
consumed. MoM outshines FEM 
and FDTD for monolithic and A-
sandwich radomes because of the 
small number of dielectric interfaces 
in these designs and the fact that an 
air or free-space volume doesn’t need 
to be included. As the number of di-
electric interfaces increase with multi-
layered radomes, FEM being the 
sparse matrix approximation method, 
consumes less resources compared 
to MoM. FDTD has the potential to 
be the optimal solver for broadband 
applications, which require solutions 
over a wide frequency range.

Figure 3 shows a nose cone shaped 
A-sandwich radome for X-Band ap-
plications treated with MoM. The ra-
dome profi le is built with 0.79732 cm 
thick skins (Ƥr = 4.8, tan d = 0.0002) 
and a 3.18972 cm thick core (Ƥr = 1.3, 
tan d = 0.001). The radome is mod-
est in size with a base inner radius of 

1.016 cm phenolic honeycomb core (Ƥr
= 1.10, tan d = 0.001). The computa-
tion time required for these simula-
tions is a nominal 3 seconds, consum-
ing a total of 171 kBytes of memory.

FULL RADOME ANALYSIS
Although transmission loss can be 

calculated for any incident angle of a 
planar wall confi guration, the shape 
of the radome introduces other dy-
namic constraints that change elec-
trical performance. Dissipative losses 
within the dielectric material, elec-
trical phase shifts introduced by the 
radome’s presence and internal refl ec-
tions cause insertion loss, increased 
antenna sidelobe levels and boresight 
error.3 It is important, therefore, to 
analyze radome performance with re-
spect to these additional parameters. 
The following are various examples 
of radomes ranging from electrically 
small to large along with a discussion 
of CEM methods used for analysis.

V Fig. 2  Plane wave incident on the planar 
Green’s function layers at various incident 
angles (a), transmission loss data com-
puted using Planar Green’s Functions (b), 
published transmission loss results3 (c) for 
A-sandwich radome.
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wich confi guration is constructed with 
0.24 cm thick skins (Ƥr = 4.8, tan d = 
0.0002) and a 0.4 cm thick core (Ƥr = 
1.3, tan d = 0.001). The layers are ex-
plicitly present in the simulation (the 
TDS approximation was not used). 
The antenna array under the radome 
is mechanically tilted to point at a 10° 
elevation angle.

The radome induced effects are il-
lustrated in Figure 7. The A-sandwich 
ogive introduces a 2.3 degree bore-
sight error and a 1.1 dB insertion loss. 
Note that the radome design leaves 
the antenna sidelobe levels intact.

Electrically Large Radomes
Applications such as satellite com-

munications and airborne weather ra-
dar require huge radomes to protect 
the electrically large antennas. The 
computational resources required to 
analyze these large structures could 
become prohibitively large with the 
aforementioned solvers. One must 
therefore use asymptotic solvers, par-
ticularly Ray Launching Geometrical 
Optics (RL-GO),9,10 which are effi -
cient when modeling the transmission 
of rays through objects, like radomes 
or lenses.

Figure 8 shows the nose cone of 
an Airbus A380-800 passenger air-
craft, which usually covers the weath-
er radar that operates in X-Band, typi-
cally at 9.4 GHz. A slotted waveguide 
(SWG) array, illustrated in Figure 9, 
is the most popular antenna for the 
weather radar. The SWG array is de-
signed in such a way that it is fed from 
the bottom with a single waveguide 
that is orthogonal to the array wave-
guides. The length, width and spacing 
of the slots is optimized for the de-

ers (e.g., MoM and 
FEM) require sig-
nifi cant computa-
tional resources. 
The multi-level fast 
multipole method 
(MLFMM)8 over-
comes this challenge 
by the accelerating 
MoM solver with 
fewer computational 
resources. MLFMM 
tremendously re-
duces the compu-
tational resource 
requirements when 
applied to geome-
tries measuring multiple wavelengths 
in size. The most appealing aspect of 
MLFMM is the preserved accuracy, 
which is governed by a user-controlled 
residual. In addition, MLFMM can be 
hybridized with FEM.

Figure 6 shows 
an ogive shaped A-
sandwich radome 
protecting a dipole 
array. The electrical 
size of the radome 
at its operating fre-
quency of 8.5 GHz 
is 4.5 and 16.5 wave-
lengths for base in-
ner radius and inner 
height, respectively. 
MLFMM is the 
optimal solver for 
the analysis of this 
electrically large ra-
dome. The A-sand-

analogous to the data in Figure 2. The 
gain pattern also indicates negligible 
boresight error as there is no shift in 
the main beam direction.

Moderate Size Radomes
As the electrical size of radomes 

increase, standard full-wave solv-

V Fig. 4  Dipole array under the spherical 
shell A-sandwich radome, treated with TDS 
approximation.

V Fig. 5  Dipole array patterns, with and without the radome, 
at 2.35 GHz.
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sired pointed beam pattern.
Aircraft require nose cone radomes 

that can withstand extreme aerody-
namic stresses. For such applications, 
monolithic half-wave wall confi gura-
tions are preferred over other styles. 
Figure 10 shows the transmission loss 
data of a monolithic wall confi guration 
made of a glass composite (Ƥr = 4.0, 
tan d = 0.015) with a thickness of 9 
mm. The outer surface of the radome 
wall is coated with a 0.2 mm typical 
paint layer (Ƥr = 3.46, tan d = 0.068). 
The material properties chosen for 
the nose cone radar are obtained 
from Nair and Jha.11 According to its 
transmission loss data, the radome 
performs well over a wide range of in-
cident angles.

The weather radar typically scans 
60° to 90° on either side of the air-
craft heading, while the tilt feature 

permits the crew 
to adjust the verti-
cal projection of the 
beam, typically 10° 
up or down from 
the aircraft longitu-
dinal axis. Figure 
11 shows the SWG 
array scanning on 
both sides of the air-
craft. Comparison 
of its array pattern 
with and without the 
radome indicates 
that a transmission 

loss of 0.7 dB is introduced because 
of the glass composite. It can also be 
observed that the monolithic radome 
does not introduce any boresight er-
ror. The complete analysis of this huge 
radome is performed using the asymp-
totic RL-GO method in combination 
with TDS.

FSS Radomes
FSS structures are two-dimensional 

arrays of periodic resonant elements 
(printed or slot) designed to either 
transmit or refl ect certain frequency 
bands. Radomes constructed with 
slot-FSS layers sandwiched between 
the dielectric walls act as bandpass 
fi lters and reduce out-of-band RCS.12 
Transmission loss analysis is also used 
to characterize the electrical perfor-
mance of layered FSS wall confi gu-
rations; however, the planar Green’s 
function approach becomes computa-
tionally expensive as it requires model-
ing a large fi nite FSS layer sandwiched 
between infi nite dielectric layers. One 
can overcome this problem by using 
periodic boundary conditions (PBC)13 
for transmission loss analysis.

PBC analysis requires only a single 
unit cell large enough to include the 
FSS element sandwiched between the 
dielectric layers. The boundary condi-
tions effectively duplicate the unit cell 
indefi nitely, representing the layered 
confi guration as an infi nite structure 
in both dimensions of a 2D plane. 
This allows for transmission loss anal-
ysis of the layered FSS confi gurations 
over a range of incident angles. The 
accuracy of this approach is substan-
tiated by comparison with the planar 
Green’s function method, which was 
previously validated with published 
data. Figure 12 shows a comparison 

between the planar Green’s functions 
and PBC approach at various inci-
dence angles for two different wall 
thicknesses of a monolithic radome 
(Ƥr = 4.0, tan d = 0.015). The perfect 
alignment between PBC and planar 
Green’s function results validates the 
accuracy of the approach.

The fi rst step in designing an FSS 
radome is the selection of a periodic 
element to meet electromagnetic 
specifi cations. A Jerusalem cross-slot 
FSS geometry is chosen to design 
an X-Band radome. The FSS layer is 
placed in the middle of the core layer 
in an A-Sandwich confi guration,1 with 

V Fig. 8  Nose cone of Airbus A380-800 passenger aircraft.

V Fig. 9  Slotted waveguide array design (a) 
and array pattern (b).
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V Fig. 10  Transmission loss data of a 
monolithic radome made of glass composite.
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V Fig. 11  SWG array scanning at different 
angles on both sides of the aircraft, with and 
without the radome.
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0.319 mm thick skins (Ƥr = 4.8, tan d = 
0.0002) and a 1.595 mm thick core (Ƥr
= 1.3, tan d = 0.001).

Analysis of 3D arbitrary shape ra-
domes with all the explicit layers in-
cluding the FSS layers is a near im-
possible task because of the diffi culty 
involved in wrapping the FSS layer 
onto the curved radome surface. This 
analysis is simplifi ed by converting the 
transmission/refl ection coeffi cients of 
the layered FSS confi guration into 

frequency dependent impedance pa-
rameters. One can then replace the 
explicit layers with a single impedance 
sheet. This approach dramatically re-
duces the computational resources 
when compared with a full analysis of 
the complete explicit geometry. Fig-
ure 13 shows both the layered FSS 
confi guration and its equivalent im-

pedance sheet. The transmission/re-
fl ection coeffi cients of the impedance 
sheet are compared with the complete 
A-sandwich layered FSS confi guration 
in Figure 14, validating the accuracy 
of the impedance sheet approxima-
tion. The results also illustrate that the 
radome is designed to be completely 
transparent at 9.4 GHz, while exhibit-
ing high insertion loss at both upper 
and lower frequencies.

The radome induced effects are 
computed through the analysis of a 
nose cone radome of the above A-
sandwich FSS confi guration covering 
a Vivaldi antenna. The Vivaldi antenna 
patterns with and without the radome 
(see Figure 15) demonstrate that the 
radome introduces negligible inser-
tion loss and boresight error at the 
center of the passband (9.4 GHz). 

V Fig. 12  Transmission performance of 
a thin-walled radome for various incidence 
angles, comparing planar Green’s functions 
and PBC with wall thickness of 0.1 λ (a) and  
0.2 λ (b).
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V Fig. 13  Jerusalem cross-slot FSS layers 
inside an A-sandwich layered confi guration 
(a), impedance sheet replacing the layered 
FSS confi guration (b).

V Fig. 14  Comparison of transmission and 
refl ection coeffi cients between the layered 
confi guration with FSS and its equivalent 
impedance sheet.
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The sidelobe level is also unaffected 
when operating within the intended 
frequency band. In contrast, the FSS 
radome has the greatest rejection at 
12.5 GHz, which is consistent with the 
data in Figure 14.

CONCLUSION
The computational electromagnetic 

methods for the complete analysis of ra-
domes ranging from electrically modest 
to electrically large are discussed with 
examples. Radome wall construction 
materials can be quickly characterized 
for different confi gurations through 
a transmission loss analysis using pla-
nar Green’s functions and/or periodic 
boundary conditions. A complete ra-
dome analysis to investigate the radome 
induced effects can be performed us-
ing different solvers (e.g., MoM, FEM, 
FDTD, MLFMM or RL-GO). In addi-
tion, a hybridized combination of solv-
ers can be used depending on the elec-
trical size of the radome. The thin di-
electric sheet approximation is available 
for the effi cient analysis of thin-walled 

radomes. A radome with an embedded 
FSS can be approximated by an imped-
ance sheet with frequency-dependent 
characteristics. In summary, effi cient 
simulation methods are available for 
many practical antenna-with-radome 
applications. ■
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V Fig. 15  Vivaldi antenna pattern with 
and without the radome at 9.4 GHz (a) and 
12.5 GHz (b).
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Wideband Frequency 
Modulation Applications 
and Techniques
Ronen Holtzman
General Microwave Israel Ltd., Jerusalem, Israel

Frequency modulation (FM) is used extensively in audio communication and 
data transfer. When spectrum effi ciency is important narrowband FM (NBFM) 
is used but when better signal quality is required wideband FM (WBFM) is 
used at the expense of greater spectrum usage. The term WBFM is used in 
applications where the modulation index is equal to or larger than 1. However, 
in this article, we are going to address applications and techniques for WBFM 
with modulation indexes much larger than that, going up to 100 and beyond. 
In such applications spectral effi ciency is less important and sometimes large 
spectral spread is actually desired. The purpose of this article is to present 
some major applications in the commercial and defense markets as well as the 
common techniques of generating WBFM.

FM-CW radars generate a continuous-
wave (CW) signal that is typically mod-
ulated by a saw-tooth waveform; such a 

signal is called a chirp. This signal is then am-
plifi ed and transmitted. The received signal is 
amplifi ed, fi ltered and converted to zero-IF by 
mixing with the transmitted signal. The basic 
block diagram of the FM-CW transmitter is 
shown in Figure 1. The received signal is de-
layed by the time it takes the signal to reach the 
target and return. Also, the frequency of the 
received signal is shifted by the doppler effect 
due to the target’s relative velocity. Overall, by 
the comparison (or mixing) of the transmitted 
and received signals both the range and the ve-

locity of the target can be extracted. This prin-
ciple is shown in Figure 2.

The advantage of FM-CW radar is excellent 
signal to noise ratio (SNR) and, since it transmits 
all the time, the simplicity of the information ex-
traction and the ability to detect very close-range 
targets. Pulsed radars, for instance, cannot re-
ceive the signal while transmitting. The result is 
a “shadow time” that prohibits the pulsed radar 
from detecting very close-range targets.

The FM-CW radar overcomes this problem 
and can support very close-range targets. In or-
der to get an accurate reading of a target, the fre-
quency change rate must be very high, so there 
will be a detectible frequency difference between 

V Fig. 1  FM-CW radar block diagram.
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In this article the commonly used solutions and hardware 
are reviewed.

Free Running Voltage Controlled Oscillator
A free running VCO is a device based on an unstable 

transistor circuit. The frequency of oscillation depends 
on the resonance frequency set by its equivalent capaci-
tance and inductance. By applying variable bias voltage to 
a varactor diode, the capacitance is changed and the oscil-
lating frequency is changed accordingly. A simplifi ed sche-
matic is shown in Figure 3.

The VCO is a very low cost method of generating WBFM 
signals, such as chirp signals. The VCO has some important 
properties that are common to all frequency sources. The 
defi nitions of these properties are detailed below and will 
be used for the rest of the article:

Frequency range is defi ned as the lowest and highest 
frequencies generated by the VCO. A VCO may cover a 
full octave band.

Settling time is defi ned as the time it takes the VCO 
to reach the fi nal frequency within an allowable window. 
Typical values are 50 ns to ±10 MHz and 1 µs to a ±4 MHz 
for a 12 to 18 GHz jump.

Post-tuning drift: After a VCO reaches what seems 
to be its fi nal frequency it may slowly drift until it reaches 
the real fi nal value. This post-tuning drift may cause an ad-
ditional few MHz of deviation after a few micro-seconds.

Sensitivity and maximum sensitivity ratio (MSR) is 
defi ned as the “voltage to frequency” transfer function of 
the VCO and is measured in MHz/Volt. A perfect VCO will 
have a constant sensitivity throughout its range of opera-
tion. Unfortunately there are no ideal VCOs and therefore 
the sensitivity varies across the VCO frequency range. The 
maximum sensitivity divided by the minimum sensitivity is 
defi ned as MSR. Using a VCO with poor MSR (>>1) will 
yield a wide range of problems. Some examples:

Applying a perfect saw-tooth waveform as the tuning 
voltage will not generate a perfect chirp. Range measure-
ments in altimeters, for example, will become inaccurate 
as a result.

The same modulating waveform, for different center 
frequencies, will result in different frequency spans. This 
is demonstrated in Figure 4.

Different modulating waveform amplitudes, for a con-
stant offset voltage, will result in different center frequen-

cies. This is demonstrated in Figure 5.
Frequency total accuracy is defi ned as 

the maximal frequency error that will be 
measured after a “voltage to frequency” 
calibration table has been established. 
The frequency error is mainly effected 
by temperature and aging. This is the 
major drawback of the VCO as a fre-
quency source. A system using a simple 
VCO as a WBFM generator may end up 
with a signal that has some deviation in 
its center frequency and also in its span. 
For example, an EW system may jam the 
wrong frequency band reducing its effec-
tiveness and its coexistence capabilities.

the transmitted and received signals. Therefore, FM-CW ra-
dars use a very wideband FM modulation technique.

TECHNIQUES
There are many techniques to generate a WBFM sig-

nal: analog based, digitally based and hybrid techniques. 

V Fig. 3  VCO simplifi ed schematic.
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a 1 GHz span. The control voltage is 
then changed to be a fast sine-wave. 
The frequency of this control voltage 
is increased until the span starts to be-
come less than 1 GHz. The frequency 
that causes the span to be 707 MHz 
is the 3 dB modulation bandwidth. A 
typical value for a VCO would be 250 
MHz.

Digitally Tuned Oscillator
Since the VCO requires the user 

to prepare a look-up-table in order to 
know what voltage to apply to get the 
desired output frequency, a more con-
venient approach is to have this look-
up-table stored within the module. 
This allows the user to input a digi-
tal command and the pre-calibrated 
information is used to generate the 
correct frequency. Since the transfer 
function of a VCO is greatly depen-
dent on the temperature, a heater 
connected to the VCO is used to pro-
duce a constant VCO temperature. 
For supporting frequency ranges of 
more than an octave, several VCOs 
may be housed within the same DTO. 
The basic block diagram of a multi-
octave DTO is shown in Figure 6. 
The main advantages of the DTO are 
its multi-octave frequency range and 
its relatively low price. The main DTO 
disadvantage is the need for an elabo-
rate calibration process.

When modulating the DTO by the 
external modulation signal, only one 
of its internal VCOs is being modu-
lated and therefore the modulation 
span is limited. The same problems of 
changing modulation spans and shift-
ing center frequencies with different 
modulation voltages exist when using 
a DTO as well.

Frequency Locked Oscillator
To improve the frequency accu-

racy of a DTO, a correction circuit 
is used. The output signal is sampled 
and its frequency is measured with 
an accurate frequency discriminator. 
The output of the discriminator is 
used as feedback to the tuning volt-
age of the VCO. The VCO is said to 
be frequency locked and its accuracy 
is as good as the discriminator’s abil-
ity to measure frequency. When com-
manded to jump to a new frequency, 
the FLO’s control circuit applies a 
tuning voltage to the VCO according 
to its internal look-up-table. This is 

be shown later, this is not the case for 
other devices.

Modulation frequency bandwidth 
is defi ned as the maximal modula-
tion frequency or modulation rate 
that may be applied to the modulation 
control pin before the span droops by 
more than 3 dB. For example, a VCO 
is being modulated by a very slow 
changing control voltage to generate 

Frequency modulation span is de-
fi ned as the maximal frequency span 
that a VCO may cover when driven 
by a modulating signal. With VCOs 
there is no actual limit to the span and 
a VCO can support WBFM starting at 
its lowest frequency and ending at its 
highest frequency. For example, a 4 
to 8 GHz VCO will support modula-
tion with a span up to 4 GHz. As will 
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be opened (due to the limited BW of the 
discriminator) and the module works in 
a “DTO Mode” with reduced accuracy. 
Usually, for the same frequency range of 
operation, the FLO is larger and more 
expensive than a DTO. The basic block 
diagram of a FLO is shown in Figure 7.

Fast Indirect Synthesizer
A cost effective solution for generat-

ing wideband signals is the indirect syn-
thesizer. With the indirect synthesizer 
the VCO is phase-locked to a reference 
oscillator. That is why the indirect syn-
thesizer is also known as a PLL based sig-
nal generator. The frequency accuracy of 
the output signal is the same as the refer-
ence signal used to lock the synthesizer, 
and is several orders of magnitude better 

than all the previously described solutions. The basic block 
diagram of an indirect synthesizer is shown in Figure 8.

The indirect synthesizer has been widely used in the mar-
ket for many years and is successfully supporting many non-
modulated frequency applications. To add modulation abil-
ity to the indirect synthesizer, there are several approaches.

NBFM techniques: Two major techniques are com-
monly being used. The fi rst is to inject the modulating 

called a “DTO Mode” since this is exactly what is being 
done in a DTO. Once the VCO converges to the vicinity of 
the fi nal frequency, the discriminator reading is connected 
with a closed loop to the tuning voltage in order to achieve 
enhanced accuracy. This is called “FLO Mode”. As with 
the DTO, the FLO output signal may be modulated. For 
NBFM the module can still be in “FLO Mode” during the 
modulation and the center frequency accuracy is guaran-
teed. However, for WBFM the frequency locked loop must 

V Fig. 7  Multi-octave FLO conceptual block diagram.
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PLM the reference signal to the PLL 
is modulated and the synthesizer is al-
ways locked, similar to the NBFM case. 
This technique is very challenging due 
to the fact that the loop elements of the 
PLL need to support extremely high 
rates of voltage changes (both voltage 
and frequency). But the advantages of 
the PLM are quite clear, perfect center 
frequency and well known modulation 
spans, without the need for factory or 
customer calibration. The PLM sup-
ports modulation waveforms from DC 
to high rates (DC coupled).

PRODUCT EXAMPLE
There are many benefi ts of using 

the indirect synthesizer technology to 
generate WBFM especially when us-
ing it in PLM. The Model SM6220, 
offered by General Microwave Israel 
(GMI), is a 2 to 20 GHz synthesizer 
that has a very fast settling time; less 
than 1 micro-second. This settling 
time is guaranteed for any jump be-
tween any two frequencies, including 
end-to-end. The SM6220 is also ca-
pable of WBFM in PLM with up to 
a 1 GHz span. The 1 GHz span can 
be located anywhere within the 2 to 
20 GHz range (no “sub-bands”), thus 
enabling continuous coverage. The 3 
dB modulation bandwidth is 10 MHz. 
A spectrum plot of a 1 GHz WBFM 
span is shown in Figure 9. This state-
of-the-art product is compared to oth-
er solutions in Table 1. ■
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cy of the modulated 
reference. Other 
methods are also 
being used, such 
as hybrid methods 
(two and three point 
modulation) but 
they are behind the 
scope of this article.

WBFM tech-
niques: Two major 
techniques are com-
monly used. The fi rst 
is to use the PLL in 
order to jump to the 
new center frequen-

cy, then to keep the tuning voltage to 
the VCO at a constant value (e.g., by 
a S/H) and inject the modulating volt-
age directly to the tuning voltage. This 
technique is called “DTO Mode” since 
the loop is open during the modulation 
and the VCO is actually in free running 
mode. This technique suffers from all 
the drawbacks explained previously 
for the “DTO Mode” in DTOs and in 
FLOs.

The second technique is to use a 
“pure locked mode” (PLM). Using 

voltage directly to the tuning voltage 
of the VCO. This solution is effec-
tive as long as the modulating signal 
is a relatively higher frequency than 
the loop BW (also known as AC cou-
pling). Otherwise the loop will be able 
to detect and remove this modulation. 
The second technique is to modulate 
the reference signal to the PLL. This 
technique is effective as long as the 
modulating signal is within the loop 
BW so that the loop will cause the 
VCO to follow the changing frequen-

V Fig. 8  Indirect synthesizer conceptual block diagram.
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TABLE 1
COMPARISON OF MODELS THAT SUPPORT WBFM

Model V6120A D6218 FL6218 SM6220

Technology VCO DTO FLO Synthesizer

Frequency 
Range (GHz)

12 to 18 2 to 18 2 to 18 2 to 20

Settling Time 
(µs)

1 1 1 1

Modulation 
Span  (GHz)

6 0.5 1 1

Modulation 
BW (MHz)

250 10 10 10

WBFM Mode Free Running DTO Mode DTO Mode PLM

Steady State 
Accuracy

±4 MHz ±2 MHz ±1 MHz ±200 kHz

V Fig. 9  Model SM6220 spectrum plot.
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Silos of Ineffi ciency: 
Overcoming Closed RF 
Design and Development 
Practices
Lorne Graves
Mercury Systems Inc., Chelmsford, Mass.

Within the defense industrial base, ad-
herence to standards such as IEEE 
and ISO are nothing new. However, 

there has been little standards-based activity 
born out of defense; nearly all standards activ-
ity emanates from the commercial sector. This 
is not surprising, since much of the work within 
defense electronics is centered on platforms 
designed to meet very specifi c applications, 
where standards-based solutions are diffi cult to 
design, engineer and develop. This is especially 
true within RF and microwave-based defense 
applications where, to date, little to no progress 
has been made in developing electronic war-
fare (EW) applications based on open systems 
architectures (OSA).

How did it get this way? Historically, each 
branch of the armed services would typically 
develop their own systems for specifi c plat-
forms. Even worse, systems on similar plat-
forms in each branch were often incompatible. 
One explanation for this “siloed approach” 
was that different platforms targeted different 
threats, an argument still used today in many 
circles. However, regardless of the platform, 
the mission is really the same: controlling the 
electromagnetic spectrum, which requires RF 
and microwave technology.

This article outlines a new vision for an OSA 
approach within the RF and microwave indus-
try, explores the need for such an architecture, 
discusses what it will take and ways it can be 
implemented.

BREAKING DOWN THE SILOS
The stovepipe approach completely contra-

dicts the U.S. Department of Defense’s (DoD) 
mandate that all systems move toward open 
architectures in order to lower costs and facili-

tate ongoing upgrades to essential electronic 
systems, so they remain on the cutting edge 
of technology. In 2013, then Deputy Secretary 
of Defense Ashton Carter opined in the DoD 
Electromagnetic Spectrum Strategy, “DoD 
systems must become more spectrally effi cient, 
fl exible and adaptable, and DoD spectrum op-
erations must become more agile in their abil-
ity to access spectrum in order to increase the 
opportunities available to mission planners.” In 
essence, that means systems must be designed 
so they can be reused or repurposed for vari-
ous missions and platforms. That means scal-
ing systems from surface vessels, long-range 
bombers, armored vehicles and strike aircraft 
to remotely piloted vehicles (RPV). As RPV use 
increases, the systems must be scaled down in 
size, weight, power and cost (SWaP-C), as well 
as adapt to mission parameters and the ever-
evolving threats from adversaries. In order to 
realize the DoD’s vision, the next steps in elim-
inating silos must mimic the commercial indus-
try’s recent rapid advances in cellular network, 
smartphone and other technologies.

To simplify the discussion, the focus here 
will be on a single domain: cellular networks. 
The use of mobile devices has exploded over 
the past decade, and today they are used in vir-
tually every aspect of  life. Their rapid adoption 
was accelerated by an infrastructure designed 
to support the vast amounts of data being com-
municated. At the heart of this infrastructure 
are RF and microwave transmitters and receiv-
ers. While the RF equipment may have differ-
ent frequencies, the same essential building 
blocks are used across the network, in a sense 
providing multi-function RF equipment in 
a system. Providers use common equipment 
with tailored software to add user features and 
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fi rst step to a new era of multi-func-
tion systems.

This is the intent of Mercury Sys-
tems’ proposed OpenRFM™ initia-
tive − an affordable, modular open 
systems architecture that standardizes 
the electromechanical interfaces and 
control planes to drive affordability, 
ease of integration and interoperabil-
ity within the RF/microwave domain. 
It is ideally suited to EW applications. 
Its modular approach and leverage of 
commercial technology enables scal-
ability, adaptability, high channel den-
sity and export features.

OpenRFM MODULE 
PARAMETERS

To begin the OpenRFM architec-
tural design, a mechanical structure 
and connectivity must fi rst be devel-
oped. To enable a scalable architecture 
from 6U OpenVPX to 3U OpenVPX, a 
mechanical volume that permits use in 
both ecosystems must be adapted. The 
concept of supporting both ecosystems 
is shown in Figures 2 and 3.

Starting with the smallest common 
denominator, the module must have 
an outline that fi ts within 2.7 × 5.6 
inches. The height may vary depend-
ing on the module design but must not 
violate the pitch set forth by the exist-
ing VITA standards. The next step is 
to defi ne the electrical connectivity 
for power and control. The architec-
ture uses a very high-speed connec-
tor with an abundance of connections 
for power and grounding. The con-
nector must be capable of high data 
rate signaling, such as set forth in the 
JESD204B standards, be rugged and 
easily placed by automated manufac-
turing equipment.

•  Restores productivity and creates 
an ecosystem of affordability
Scalable hardware building blocks 

provide the framework for any open 
architecture. The real key is to have 
a common framework that also pro-
vides adequate freedom for creative 
developments within the framework. 
Reducing the time developers need 
for integration is essential in any open 
architecture. This reduction in the in-
tegration schedule mitigates program 
risk caused by using known intellec-
tual property. The fl exibility of using 
a common infrastructure allows new 
technologies from new or previously 
unused companies to be inserted rap-
idly into various systems. This fl exibil-
ity provides a new level of adaptabil-
ity for enhancing and maintaining a 
system. The aforementioned benefi ts 
all lead to a reduction in duplicate, 
custom efforts. The reduction of du-
plicate efforts leads to a new level of 
productivity and yields maximum af-
fordability for developers within the 
ecosystem. All of these points are 
evident in the wireless infrastructure 
example from the previous section. 
Given this, how can an open systems 
architecture approach to RF and mi-
crowave be implemented to provide 
these benefi ts to the DoD?

Developing an open systems archi-
tecture requires working with existing 
standards. Open architectures such 
as OpenVPX (VITA 65) have brought 
rapid integration of digital subsystems 
under common hardware and soft-
ware protocols into the realm of the 
possible. Of course the ecosystem 
did not develop overnight. OpenVPX 

started as an archi-
tecture and turned 
into a high-level 
system specifi cation 
defi ned by common 
modular hardware. 
The system specifi -
cation enables scal-
ability and fl exibility 
at the system level. 
The next step is to 
bring RF/micro-
wave (RFM) into 
this ecosystem. This 
seamless integra-
tion of RFM into 
consolidated sys-
tems provides the 

ensure quality of service (QoS). Soft-
ware-defi ned radios (SDR) are used 
to adapt to various protocols. The use 
of SDR equipment allows software to 
be easily uploaded to address features 
needed in order to scale or adapt a 
system.

Another important aspect that leads 
to the rapid deployment of the infra-
structure that supports all of these dis-
parate devices is the use of common 
control and data transport protocols, 
such as Ethernet. In summary, com-
mon, modular “building blocks” are 
used throughout the system. Multi-
function RF building blocks provide 
the heart of the communication be-
tween mobile devices and the base 
stations. The fl exibility and adaptabil-
ity around the commercial equipment 
controlled by common software pro-
tocols led to the deployment of a scal-
able, cohesive and affordable solution 
for the telecommunications industry 
(see Figure 1). This type of system is 
essentially an open systems architec-
ture approach.

OPEN SYSTEMS ARCHITECTURE 
FOR RF/MICROWAVE

Why would an open systems ar-
chitecture be valuable to the RF and 
microwave industry supporting the 
Department of Defense? There are 
several major reasons:
•  Provides scalability for common 

hardware blocks
• Reduces integration schedules
• Reduces program risk
•  Provides maximum fl exibility and 

rapid adaptability
• Eliminates duplicate efforts

V Fig. 1  Wireless network infrastructure.
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V Fig. 2  6U OpenRFM payload.

V Fig. 3  3U OpenRFM payload.
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The control signals to the Open-

RFM modules have to serve a myriad 
of purposes. There must be a low- 
speed diagnostic type path for module 
identifi cation and basic operational 
parameters as well as a high-speed 
path to provide a standard control 
and data path. The high-speed control 
and data path used for OpenRFM is 
a multiplexed address and data path, 
used to preserve signals and to provide 
general purpose input-output (GPIO) 
signaling to the RFM module. A small 
complex programmable logic device 
(CPLD) within the OpenRFM mod-
ule is suffi cient for more complicated 
modules requiring many control sig-
nals. The power rails provided to an 
OpenRFM module are standard volt-
ages such as 5 V and 3.3 V. The Open-
RFM connector also provides some 
modules with power directed at RFM 
circuitry. The voltages are ± 8.5 V and 
an adjustable low voltage supply for 
special biasing and control circuitry.

To allow direct control of the 
OpenRFM module’s RF circuitry, a 
hardware abstraction layer has to be 
developed to enable control from vari-
ous protocols, such as Ethernet, PCI 
Express or Serial RapidIO. These are 
all control or data protocols within the 
VITA standards outlined for OpenVPX. 
The hardware abstraction layers can be 
implemented by various circuits. In a 
fashion similar to the use of SDR for 
easy upgrades in a wireless network in-
frastructure, a system on a chip (SoC) 

device is used in the OpenRFM ar-
chitecture to enable protocol agnostic 
communication. Developing a hard-
ware abstraction layer also relies on a 
level of software sophistication to pre-
vent bottlenecks in control and status 
of an OpenRFM module. The applica-
tion program interface (API) is used to 
simplify the application level software 
access to the OpenRFM modules. This 
RFM “middleware” provides a com-
mon software interface to OpenRFM 
modules, enabling easy system integra-
tion of RFM modules into a system.

The OpenRFM architecture does 
not restrict any RF or microwave cir-
cuitry within the modules. This allows 
RFM designers to be as creative as 
needed to solve the system problems 
for communication through the electro-
magnetic spectrum (EMS). The Open-
RFM module (see  Figure 4) can con-
sist of any RFM assembly – from a high 
frequency receiver, transmitter, local os-
cillator generator or power amplifi er to 
a complete SDR with data conversion 
by an analog-to-digital converter (ADC) 
or digital-to-analog converter (DAC). 
The only restrictions are the power 
consumed within the module. An exact 
number has not been set for the Open-
RFM module; as the architecture ma-
tures, the power within a module will be 
confi ned by the VITA standard in which 
it resides. The modules are designed to 
be compliant to the VITA 48 – VPX rug-
gedized enhanced design implementa-
tion (REDI) specifi cations.

CONCLUSION
The proposed OpenRFM approach 

is the fi rst step toward enabling a new, 
affordable open systems architecture 
in the DoD RF/microwave industry. 
Breaking down the siloed approach 
to design and following the open ap-
proach used in the commercial indus-
try should enable the rapid deploy-
ment of a multi-function RFM ecosys-
tem that can tackle even the toughest 
problems. The mechanical envelope 
and electrical connectivity enables a 
fl exible and scalable architecture. The 
hardware abstraction layer and RFM 
middleware provide a highly adaptable 
architecture that will address the next 
level of sophistication in DoD RFM 
systems. This fl exibility, scalability and 
adaptability should provide the means 
to reduce duplicate custom design ef-
forts and enable maximum produc-
tivity and a new level of affordability. 
Equally important, this approach aligns 
with the DoD directives to lower costs 
and increase the ability to rapidly and 
continuously upgrade critical defense 
electronics systems, thereby keeping 
pace with emerging EW threats. ■

V Fig. 4  Typical OpenRFM module.

Use of U.S. DoD visual information does not imply or constitute DoD endorsement.
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Signal and Spectrum Analyzer 
for Long Radar
Pulse Sequences
Rohde & Schwarz
Munich, Germany

Pulsed radar systems transmit high 
power signal pulses followed by a 
pause during which echo signals are 

received. In many pulsed radar systems, the 
radio frequency of the emitted pulses remains 
constant, while the pulse repetition interval 
(PRI) and the pulse width (PW) vary.

The PRI determines the unambiguous 
range; the longer the PRI, the higher the un-
ambiguous range. The width of an unmodu-
lated pulse determines the minimum distance 
to the target and the range resolution. Shorter 
pulses allow detection at shorter distances and 
improve the range resolution, i.e., to resolve 
objects as separate items, but they require 
more spectral bandwidth. Longer pulses emit 
more energy per pulse and therefore reach 
higher ranges.

PULSE ANALYSIS
Spectrum analyzers have become the tool 

of choice for analyzing radar signals. They 

provide a wider frequency range than oscil-
loscopes and allow detailed in-pulse measure-
ments of phase and frequency, which cannot be 
achieved by simple, power-based pulse analyz-
ers. Spectrum analyzers have made huge leaps 
in bandwidth analysis over recent years. The 
R&S FSW signal and spectrum analyzer from 
Rohde & Schwarz now features up to 2 GHz 
bandwidth analysis and a frequency range of 
up to 67 GHz. This makes it possible to analyze 
even very short pulses.

To analyze radar signals in the modern 
world the R&S FSW signal and spectrum 
analyzer needs to offer flexibility. For in-
stance, marine and air surveillance radars 
regularly change their operation modes. 
They use different PRI and PW in search 
mode, acquisition mode or tracking mode 
where different trade-offs between mea-
surement accuracy, minimum and maximum 
range and range resolution are required. 
Further techniques include modulation of 
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ing the R&S FSW an essential tool in the development and 
production of radar systems.

Figure 1 shows the result of an analysis of radar pulses 
with the R&S FSW equipped with the R&S FSW-K6 pulse 
analysis software. Pulses of 1 µs width with a PRI of 100 
µs were captured at a 200 MHz sample rate. The table 
highlights the pulse of interest and displays key parameters 
for each pulse such as rise time, pulse width, PRI and fre-
quency. The graphs show frequency, magnitude and phase 
versus time of a single pulse. The analysis software allows 
further in-depth analysis of pulse parameters such as rise 
and fall times, dwell time, settling time, overshoot and un-
dershoot.

SEGMENTED CAPTURE
The required high sample rate in combination with a 

limited capture buffer, however, reduces the total seam-
less capture and analysis period. As a solution, the R&S 
FSW-K6 pulse analysis software has been equipped with 
effi cient memory management for analyzing pulse trends 
over long periods. It is in the nature of pulsed signals that 
during pauses only noise can be received. This makes it 
possible to extend the total capture time by omitting the 
noise during pauses.

A simple but effective algorithm to increase the total 
observation period is to store and time-stamp I/Q samples 
over a user-defi ned period once a certain power level trig-
gers the capture. In addition, a certain number of pre-trig-
ger samples are also stored. All other samples are omitted 
until the next trigger event. With typical duty cycles of 1 
percent, the maximum observation period can principally 
be extended by up to a factor of 100.

Practically, with 50 percent pre-trigger capture and a 
capture time per pulse of twice the pulse period, the maxi-
mum recording time is extended by a factor of 50. Lower 
duty cycles extend the maximum recording time even fur-
ther. The segmented I/Q capture can be triggered by an 
external trigger as well as by an IF power trigger.

EVALUATION OF PARAMETER TRENDS
Capturing many consecutive pulses makes it possible 

to analyze parameter trends and track changes that occur 
from pulse to pulse. Figure 2 displays the pulse width ver-
sus the pulse number over 20s capture time. This reveals 
that the radar system operates in three different modes (1, 
2  and 3 µs pulse width), which appear in a random order. 
Without segmented capture, the maximum capture time 
for this signal at 200 MHz sample rate was only 2.3 sec-
onds, not enough to see the pattern of different modes.

Segmented capture increases the total analysis period 
by omitting the pauses between pulses. Effects that occur 
over many pulses, like changing modes, become visible, 
making it easier to analyze complex radar systems with 
changing parameters.

Rohde & Schwarz
Munich, Germany 
+49 89 4129 12345 
www.rohde-schwarz.com

phase or frequency during a pulse, which encompasses 
pulse compression.

For development, optimization and troubleshooting of 
radar transmitters, pulse trains have to be characterized 
over long periods. To detect sporadic events or small but 
continuous effects like temperature drifts, it is desirable to 
contiguously capture and observe all emitted pulses over a 
period of up to several minutes.

Furthermore, a common means of infl uencing radars 
is range gate pull-off. The radar pulses are recorded and 
played back delayed, at higher power and probably with 
a changed pulse shape or frequency than for the natu-
rally scattered pulses from the subject aircraft. The other 
radar receiver may lock onto the stronger echo return 
and the resolution cell eventually moves completely away 
from the subject aircraft. If the play-back is then sud-
denly stopped, the other radar receiver needs to readjust 
the leveling and go back through search, acquisition and 
tracking mode again. Development and optimization of 
such intelligent infl uencing techniques and countermea-
sures also requires the recording and analysis of long ra-
dar pulse sequences.

To address such issues, features such as rapid identifi ca-
tion of spurious emissions, low phase noise and extensive 
pulse analysis functions running as software tools on the 
analyzer provide in-depth signal analysis possibilities, mak-

V Fig. 1  Result table of the R&S FSW-K6 pulse analysis software, 
displaying key parameters for each pulse, such as rise time, pulse 
width, PRI and frequency.

V Fig. 2  Display of 20s capture time, revealing that the analyzed 
radar system operates in three different modes.

5M36S FINAL PROOF.indd   54 4/27/15   3:46 PM

http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=S54&exitLink=http%3A%2F%2Fwww.rohde-schwarz.com


SUCOFLEX® 300 
Space flight assemblies 

•	Outstanding mechanical and electrical performance 
•	High reliability 
•	Production in clean room 
•	Extensive testing of the assembly 
•	Customer specific qualification
•	All connectors vented
•	Centre conductor and braids in aluminum instead of copper
•	Outgassing spec according ECSS-Q-ST-70-02 

HUBER+SUHNER AG  9100 Herisau/Switzerland, aerospacedefense.hubersuhner.com
HUBER+SUHNER INC. Charlotte NC 28273/USA, aerospacedefense.hubersuhner.com Booth 3647

Centre conductor and braids in aluminum instead of copper

Space flight assemblies 

Outstanding mechanical and electrical performance 

Centre conductor and braids in aluminum instead of copper

Space flight assemblies 

Outstanding mechanical and electrical performance 

Centre conductor and braids in aluminum instead of copper

HSI_SF300_Sep14.indd   1 17.04.2015   11:12:33MWSUPPH&S0515.indd   55 4/22/15   3:16 PM

http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=S55&exitLink=http%3A%2F%2Faerospacedefense.hubersuhner.com
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=S55&exitLink=http%3A%2F%2Faerospacedefense.hubersuhner.com


Aerospace & Defense Electronics

56  AEROSPACE & DEFENSE ELECTRONICS SUPPLEMENT ■ MAY 2015

Handheld VNA
Delivers Benchtop 
Performance to 40 GHz
Anritsu
Morgan Hill, Calif.

The Anritsu Microwave Site MasterTM, 
model S820E, is a handheld two-port 
cable and antenna analyzer designed 

for fi eld use yet delivering benchtop perfor-
mance. Five models covering 1 MHz to 8, 14, 
20, 30 or 40 GHz are available. An optional 
VNA mode provides fully reversing S-parame-
ter measurements. An optional vector voltme-
ter (VVM) mode, with standard A/B and B/A 
ratio capability, may be used as a drop-in vector 
voltmeter replacement.

Key specifi cations of the Site Master are:
•  Dynamic range: 110 dB typical from 20 

MHz to 40 GHz, 100 dB specifi ed
• Sweep speed: � 650 µs/point
•  Frequency resolution: 1 Hz from 1 MHz to 

40 GHz
•  Simultaneous extended USB sensor trans-

mission and error-corrected refl ection mea-
surements

•  Field-proven design: explosive atmosphere 
MIL-PRF-28800F Section 4.5.6.3 compli-
ant

• Coaxial and waveguide measurements
•  USB/Ethernet connectivity, full remote 

control capability
•  Intuitive, menu-driven 8.4 inch touchscreen 

with daylight/nighttime viewable modes
• Standard three-year warranty

Two decades ago, in 1995, the world’s very fi rst 
handheld one-port vector network analyzer was 
introduced by Anritsu. Considered unbelievable 
by many, the measurements were initially chal-
lenged until proven to be highly accurate and re-
peatable. That product still exists in many forms 
and is universally recognized as the de facto in-
dustry standard, known as Site Master.

The standard Site Master is ideal for applica-
tions up to 6 GHz. However, there are needs for 
higher frequency coverage. Until recently, no 
product on the market offered VNA capability 
beyond 26.5 GHz. The Anritsu S820E Micro-
wave Site Master breaks through that barrier and 
delivers benchtop performance up to 40 GHz.

To understand how the S820E is capable of 
delivering up to 110 dB of dynamic range, even 
at 40 GHz, consider the advanced technology 
that is deployed inside the S820E. The tradi-
tional VNA is comprised of a source, transfer 
switch, couplers or bridges, and reference/
measurement receivers. Measurements are 
typically down-converted to an intermediate 
frequency (IF), where the signal is processed. 
The most common method for conversion uses 
mixers. However, mixers typically do not have 
suffi cient bandwidth to directly down-convert 
signals higher than just a few GHz. Higher 
frequency signals, which exceed the funda-
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capabilities, the S820E measures both 
required parameters simultaneously 
with one user calibration. The USB 
sensor measurement is made using 
USB extenders. Anritsu provides a 
passive, plug-n-play USB extender kit. 
Users simply add a suitable length of 
CAT5e or CAT6 cable between the 
two USB extender modules. Figure 4
shows a measurement example.

The Anritsu S820E is a rugged, 
handheld solution, allowing users to 
confi dently make VNA measurements 
in the uniquely challenging fi eld en-
vironment and achieve benchtop per-
formance to 40 GHz.

Anritsu 
Morgan Hill, Calif. 
www.anritsu.com

lower IF gain is required, longer bat-
tery life and better linearity are addi-
tional benefi ts. Figure 1 compares the 
NLTL-based sampler technology to 
the SRD-based sampler.

Equipped with NLTL technology, 
the handheld S820E is able to cor-
relate with Anritsu’s premium Vec-
torStarTM VNA and Anritsu’s Shock-
LineTM series of benchtop VNAs with 
uncanny precision, bringing true 
benchtop performance from the lab 
to the fi eld. Figures 2 and 3 show ex-
amples of measurement correlation.

Although capable of providing 
benchtop quality measurements, 
the S820E is designed to handle the 
unique challenges of the fi eld. Mea-
surements on long transmission lines 
are a fi ne example, where the ends of 
the line are far apart and not reach-
able with conventional test port 
cables. Examples include commu-
nication or signaling cables that are 
embedded in aircraft wings or the fu-
selage, long waveguide runs in Navy 
vessels and satellite ground stations, 
and long microwave coaxial cable runs 
in the elevator shafts of high-rise of-
fi ce buildings. Historically, these mea-
surements have been performed us-
ing scalar network analyzers (SNA). 
Detector modules could extend the 
transmission measurement capability 
using long extender cables, providing 
a scalar (magnitude only) response. 
S11 of the device being tested could 
also be measured using a calibrated 
auto-tester module. Today, VNAs have 
replaced SNAs for most measure-
ments, and the SNA instrument is no 
longer readily available. Fortunately, 
the S820E can make these measure-
ments with ease. Combining unique 
“USB Sensor Transmission” and vec-
tor error-corrected S11 measurement 

mental mixer band, must be down-
converted using harmonics of the 
mixer. The disadvantage is that the 
conversion effi ciency rapidly declines 
as the harmonic order increases. The 
consequences are reduced dynamic 
range, elevated noise fl oor and often 
degraded sweep frequency resolution. 
Very large amounts of IF gain are re-
quired to compensate for the reduced 
conversion effi ciency, often adding 
undesirable side effects, such as in-
creased noise, higher nonlinearity, 
additional heat and thermal drift and 
increased power consumption. Mix-
ers with good high frequency perfor-
mance typically perform poorly at low 
frequencies, so the problem is simply 
shifted, not resolved.

An alternative method is a sampler 
using step recovery diodes (SRD). 
SRD samplers are widely deployed 
and offer many advantages over mix-
er-based methods. However, the SRD 
sampler method also suffers from de-
clining down-conversion effi ciency.

The most effi cient down conversion 
method is the nonlinear transmission 
line (NLTL) sampler. Historically, it 
has been challenging to mass produce 
this technology with reasonable price 
and consistency. Anritsu engineers 
have successfully overcome these chal-
lenges with newly developed “VNA-
on-a-chip” monolithic microwave 
integrated circuit (MMIC) devices. 
These devices are establishing new 
benchmarks in the high performance/
price ratio for VNA instruments such 
as the S820E. These highly integrated 
MMIC devices have the performance 
advantages of NLTL technology and 
additional benefi ts, such as unmatched 
temperature stability and no degra-
dation of frequency resolution. The 
extremely high conversion effi ciency 
enables the S820E to deliver 110 dB 
of dynamic range up to 40 GHz. Since 

V Fig. 1  The NLTL sampler exhibits much 
wider bandwidth than one using SRDs.

Co
nv

er
si

on
 E

ffi
ci

en
cy

RF Bandwidth (GHz)

50 GHz 80 GHz

NLTL-Based Sampler
SRD-Based Sampler

V Fig. 4  Simultaneous vector, error-correct-
ed S11 (return loss) and USB sensor transmis-
sion measurements.
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V Fig. 2  S820E measurement overlaid 
with ShockLine measurement of a 1.95 GHz 
bandpass fi lter.
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V Fig. 3  S820E measurement overlaid with 
VectorStar measurement of a WR28 wave-
guide 39.6 GHz bandpass fi lter. The slight 
variation is mainly due to the repeatability 
of the waveguide connection.
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Eight-Channel Narrowband 
High Frequency 
Tuner Subsystem
DRS Signal Solutions
Germantown, Md.

Thousands of individual signals are pres-
ent in the high frequency (HF) spec-
trum. Often, the most diffi cult problem 

is to discern and capture a small signal in the 
presence of large interfering signals. DRS Sig-
nal Solutions’ SI-8728A HF tuner is a best-in-
class RF front-end for receiving small signals 
in dense signal environments. The SI-8728A 
is operationally proven, with several hundred 
units deployed on program platforms.

The SI-8728A is capable of continuous 
1 Hz tuning resolution over the frequency 
range of 100 kHz to 30 MHz, while each of its 
tuner channels provides an instantaneous IF 
bandwidth of 25 kHz. The SI-8728A’s very high 
density design, high dynamic range, VITA ra-
dio transport standard precision time-stamped 
I/Q data and non-blocking switch options, cou-
pled with an easy-to-use graphic user interface 
(GUI), make the unit a best-in-class HF tuner.

The SI-8728A provides up to eight digi-
tal HF tuner channels in a compact 1U rack-
mount chassis, half the size of the nearest 
competing unit. Its attractive low size, weight 
and power (SWAP) design includes a weight of 
less than 18 pounds and an internal power sup-
ply that accepts 100 to 250 VAC. This design 
and its extended temperature range of -20° to 
+60°C allow multiple units to stack for high-
density systems.

With its eight channels, the SI-8728A can 
be remotely confi gured for independent or 
phase-coherent operation to support a variety 
of system applications. Possible applications 
for the SI-8728A include a high density HF 
monitor system, a phase-coherent tuner for 
super-resolution DF systems and a front-end 
for HF systems based on software-defi nable 
radio. The tuner provides fl exibility to oper-
ate up to eight channels independently, up to 
eight channels phase-coherently or with a mix 
of some channels operating independently and 
the remaining phase-coherently. Simultaneous 
control of the SI-8728A’s multiple tuner chan-
nels is controlled remotely using a Gigabit Eth-
ernet interface and TCP/IP.

The SI-8728A features high dynamic range 
and low phase jitter. Amplitude and phase dis-
tortion within each channel are minimized as 
well as amplitude and phase mismatch among 
channels. The tuner is designed to expend very 
low emissions for operation in electromagnetic 
interference (EMI) sensitive environments. It 
may also be confi gured and used for precision 
direction fi nding and rapid signal analysis. A 
built-in self-test calibrator ensures that the unit 
functions properly.

Each channel’s IF output is processed 
digitally and made available as baseband in-
phase and quadrature-phase (I/Q) data. The 
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a spectral display and a waterfall display that depicts a 
spectrum’s activity over time using color to indicate signal 
strength (see Figure 1).

OPTIONS AND AUXILIARY EQUIPMENT
The 8728A/MULTI Switch Matrix option adds an 8×8 

fully non-blocking matrix internal to the SI-8728A chas-
sis. It allows any combination of eight antennas to be con-
nected to any combination of tuner channels. The switch 
matrix is controlled through the same 1000Base-SX or 
1000Base-T interface as the tuner, for ease in deployment. 
This switch matrix option limits its RF output power when 
a large RF input is applied, protecting sensitive RF input 
circuitry from high voltage transients and nearby lightning 
strikes.

Four SI-8728A units can be combined with one SI-
9332, 32w32 HF fully non-blocking switch matrix. The SI- 
9332 receives up to 32 HF inputs in the 0.5 to 30 MHz 
range and provides up to 32 outputs. Any of the 32 SI-
8728A channels can access any of the 32 SI-9332 inputs, 
allowing operational fl exibility. The switch matrix provides 
near unity (0 dB) gain so that it is virtually transparent in 
system operation. The unit offers excellent intermodula-
tion, noise fi gure and internal spurious performance.

DRS Signal Solutions 
Germantown, Md. 
www.drs.com

tuner features an 
analog-to-digital 
converter (ADC) 
that digitizes data 
that is passed to 
the digital signal 
processor (DSP), 
where it is fi ltered 
and decimated, 
resulting in a com-
plex data output. 
The processed 
data outputs are 
packaged accord-
ing to the packet 
structure of VITA 
49.0 for output 
via the Ethernet 
interface. A real 
time clock is main-

tained for time-stamping the processed data. This clock 
may be synchronized to an external one-pulse-per-second 
(1 PPS) reference input.

The SI-8728A control GUI interface is simple to use 
and allows for easy signal detection, signal analysis, signal 
recording and digital playback. Its narrowband real time 
continuous fast Fourier transform (FFT) is shown with 

V Fig. 1  Graphical user interface for the 
SI-8728A.
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Compact 1 kW 
Power Amplifi er for
HF Applications
Delta-Sigma Inc.
Riverside, Calif.
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While the focus today is primarily on 
devices, subsystems and systems for 
wireless frequencies, there are still 

many systems that operate within the HF band 
from 1 to 50 MHz. They include long-range ra-
dar, commercial and military communications, 
and scientifi c and industrial equipment, many 
of which require a combination of high RF 
output power and high linearity. As with their 
higher frequency counterparts, HF power 
amplifi ers must be as small as possible to ac-
commodate space constraints, while delivering 
rated performance with minimal cooling. The 
VEGA Series of RF power amplifi er modules is 
designed to meet these requirements, deliver-
ing more than 1 kW CW in enclosures typically 
measuring only 4" × 2" × 1.2" and weighing 
about 1 lb.

The VEGA Series can be used either as stand-
alone amplifi ers or as building blocks in a higher 
power amplifi er system controlled via RS-422, 
RS-232 or Ethernet. Delta-Sigma has used am-
plifi ers in this series to create systems that deliver 
CW output power up to 4 kW over portions of 
the HF region and wider bandwidths.

The amplifi ers achieve small size through a 
combination of very effi cient, rugged LDMOS 
RF power transistors, low loss combining net-
works and precise impedance matching, us-
ing design techniques to achieve full rated RF 
output power with minimum heat sinking and 
external convection cooling. The amplifi er’s ef-
fi ciency is between 65 and 68 percent depend-
ing on frequency, and it draws 27 A from a +50 
V DC supply.

Over-temperature protection is integrated 
in the amplifi er, and other protection circuits 
can be supplied depending on the require-

ments of the application. Key amplifi er specifi -
cations include 26 dB gain, harmonic rejection 
up to -37 dBc, spurious rejection of -70 dBc 
and third-order intercept point of +69 dBm. 
More detailed specifi cations are shown in Ta-
ble 1. The gain, effi ciency and return loss of a 
VEGA Series 1 kW RF power amplifi er from 5 
to 25 MHz are shown in Figure 1.

Although they are specifi ed for Class AB 
CW operation, the VEGA Series amplifi ers 
are suitable for pulsed modulation, AM or FM 
and digital modulation schemes. Specifi cations 
can be modifi ed to meet requirements from 
the standard broadband design to narrower or 
wider frequency ranges up to 230 MHz, RF 
output power, and mounting and connector 
types. The amplifi ers can be specifi ed to meet a 
variety of military specifi cations. One example 
is airborne operation, with an operating tem-
perature range of -40° to +55°C, altitudes up 
to 10,000 ft., and shock and vibration per MIL 
STD-810F Method 516.5.

Other models in the series include:
•  VEGA6 driver amplifi er, delivering 6 W CW 

from 20 to 88 MHz or 20 W CW from 30 to 
150 MHz or 1.7 to 30 MHz

•  VEGA50, providing 50 W CW from 100 to 
500 MHz

•  VEGA100, with 100 W CW from 10 to 175 
MHz

•  VEGA150, delivering 150 W CW from 20 
to 150 MHz

•  VEGA200, providing 200 W CW from 30 to 
88 MHz
The company has designed and manufac-

tured solid-state RF power amplifi ers that 
deliver extremely high power levels required 
for scientifi c and radar applications with RF 
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outputs as high as 
350 kW. A recent 
example is an am-
plifi er system that 
powers the Dop-
pler radar wind 
profi ler (DRWP), 
recently deployed 
at the Kennedy 
Space Center. 
It consists of 20, 

16 kW subsystems, each consisting of 10 hot-swappable 
LDMOS RF power amplifi er modules for a total output 
per module of 2 kW. The subsystem can produce RF out-
put power greater than 16 kW. The output of each subsys-
tem is then combined to produce power up to 350 kW.

The DRWP power amplifi er has a soft fail capability 
that allows it to continue to operate if one of the modules 
fails, after which a new module can be “hot swapped” for 
the failed one while the system is running. This quickly re-
turns the system to full-power. Effi ciency of the DRWP 
amplifi er is about 75 percent, 45 percent from AC to RF 
output. The total combining losses for the entire amplifi er 
system is only 0.3 dB, including the 40 fi nal-stage transis-
tors, absorptive lowpass fi lters, and a patented transmit/
receive solid-state switch.

Delta-Sigma Inc.
Riverside, Calif.
www.111rfpower.com

V Fig. 1  Gain, effi ciency and return loss of 
a VEGA Series 1 kW RF power amplifi er.
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TABLE 1
TYPICAL VEGA SERIES AMPLIFIERS SPECIFICATIONS

Frequency range (MHz) 1.5 to 30

RF Output Power, CW or P1dB (W) ≥ 1000

Gain (dB) 26

Effi ciency (%) 65

Harmonic Rejection
   Second (dBc)
   Third (dBc)

-37.3
-13.3

Spurious Rejection (dBc) -70

Third-Order Intercept Point (dBm) +69

Return Loss (dB) Input: -14
Output: -20

Switching Rise and Fall Times (ns) 200

Environmental
   Operating temperature Range (°C)
   Humidity (%)
   Altitude (ft.)
   Shock and Vibration

-40° to +55°
95 non-condensing

10,000
Meets MIL-STD-810F 

Method 516.5

Operating Voltage, Current (VDC, A) +48 to +52, 27

Dimensions (in.) 4.1 � 2.6 � 1.2

Weight (oz.) 17

Connectors SMA Female (input), 
Type-N (output)

Protection Over-Temperature

MISSION CRITICAL

HIGH
POWER

SWITCHES
u 10MHz to 18GHz
u 1 watt to >10kW
u SPST to T/R to SPnT
u Built in fast driver
u Speeds to 50ns

RF LIMITERS
u SMT, Coax or W/G
u  Active and passive 

limiting
u  High CW and peak 

power
u Low flat leakage
u  Optional: BITE, 

indicator out

MULTI-FUNCTION 
MODULES
u LNA limiters
u Switch limiters
u Switch matrix
u  T/R module 

(T/R-Limiter/LNA)

LIMITER

ANT

TO COMTECH PST AMP

LNA

T/R

MIL-SPEC Compliant Solutions

H i l l  E n g i n e e r i n g  D i v i s i o n

The Power of Positive Partnering

978.887.5754 •  sales@hilleng.com

www.comtechpst.com/hill ISO 9001:2000
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1200 W, High 
Effi ciency S-Band PA

Using GaN technology, Delta 
Microwave has developed a 
1200 W high effi ciency pow-

er amplifi er (PA) for S-Band pulsed 
radar applications. The PA delivers 
a minimum of 1200 W across 2.9 to 
3.1 GHz with 40 percent power-add-
ed effi ciency and 45 dB minimum 
gain. The amplifi er will handle pulse 
widths up to 100 µs and 10 percent 

The amplifi er is biased with 32 V DC 
and includes over-current protection. 
SSPA includes internal microproces-
sor for TIA-485 data interface.

Delta Microwave
Oxnard, Calif.
www.deltamicrowave.com

duty cycle, with a maximum droop of 
0.5 dB. Harmonics are -50 dBc maxi-
mum, and input VSWR is 2:1 or bet-
ter. The signal interfaces to the PA are 
a female SMA at the input and female 
Type-N at the output.

The operating temperature range is 
-30° to +70°C, with integrated protec-
tion for over-temperature, high duty 
cycle and high pulse width conditions. 
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0.1 to 18 GHz, 80 x 5 
Distribution Matrix

For airborne surveillance and 
similar applications, Custom 
Microwave Components of-

fers a broadband distribution matrix 
that switches any of 80 octave-band 
inputs to any of fi ve outputs (non-
blocking). The output frequency 
range covers 100 MHz to 18 GHz. The 
signal path from input to output has a 
nominal gain of 0 dB with less than 14 
dB noise fi gure. Leakage across any of 

First developed in 2003, the distri-
bution matrix has a history of reliable 
service. The RF units are line replace-
able, enabling fi eld service and up-
grades, if required. The design allows 
user-defi ned controls, which provides 
additional fl exibility.

Custom Microwave 
Components Inc.
Fremont, Calif.
www.customwave.com

the channels is less than 60 dB. Paths 
can be grouped into sets that ampli-
tude and phase track. Channels can 
be selected within 2 µsec, and output 
blanking occurs in 100 nsec.

The 12U rack-mounted unit’s en-
vironmental operating range is 0 to 
+55°C, up to 95 percent relative hu-
midity, vibration meeting Mil-STD-
810F Method 514.5 and 50,000 foot 
altitude.
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High Power 50 V 
GaN HEMT

Cree has extended its family of 
50 V discrete GaN high electron 
mobility transistors (HEMT) 

with three new die products: a 320 W 
transistor, usable to 4 GHz; and 75 and 
20 W devices, usable to 6 GHz. These 
three new products join two others – 
with 170 and 40 W output – to comprise 
the only 50 V GaN HEMT die product 
portfolio on the market. 

The 320 W device is the industry’s 
highest power 50 V GaN die prod-
uct available. It typically provides 19 
dB small-signal gain with 65 percent 
power-added effi ciency at 4 GHz. The 
20, 40, 75 and 170 W devices in the 

V product family is suitable for vari-
ous market applications, including 
two-way private radio, broadband 
amplifi ers, cellular infrastructure, test 
instrumentation, tactical and satellite 
communication and industrial, scien-
tifi c and medical (ISM) amplifi ers.

Cree’s GaN HEMT die are supplied 
in Gel-Pak® Vacuum Release™ trays, 
a non-tacky membrane that immobiliz-
es the components to ensure damage-
free transportation and storage.

Cree Inc.
Durham, N.C.
www.cree.com/RF/Products/
General-Purpose-Broadband-50-V

Superior RF Rotary Joints and Slip Rings for

 Air traffi c control radars
 Defence and civil applications – air, sea, land
 SatCom
 Space applications 
 Fibre optic – single channel, multi channel up to 21
 Fast Ethernet transmission and media joints

 ROTARY JOINTSSPINNER|| ROTARY JOINTS
 SPINNER is a global leader in 
developing and manufacturing 
state-of-the-art RF components. 
Since 1946, the industries lea-
ding companies have trusted 
SPINNER to provide them with 
innovative products and out-
standing customised solutions.

Headquartered in Munich, and 
with production facilities in Ger-
many, Hungary and China the 
SPINNER Group now has over 
1,100 employees worldwide.

High Frequency Performance Worldwide

Meet us at

SPINNER GmbH | |  Germany
ads@spinner-group.com
www.spinner-group.com

ETHERNET MODULE

AIR TRAFFIC CONTROL RADAR SYSTEM

6-CHANNEL WITH SLIP RING & ENCODERS

MEDIA MODULE

Laser World Photonics 22.-25.6.15 Munich/Germany

EuMW 6.-11.9.15 Paris/France

SPINNER GmbH | |  Germany

EuMW 6.-11.9.15 Paris/France

DSEI 15.-18.9.15 London/Great Britain
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family operate to 6 GHz, with typi-
cal performance of 17 dB small-signal 
gain and 60 percent power-added ef-
fi ciency. At 4 GHz, the devices deliver 
18 dB small-signal gain with 65 per-
cent power-added effi ciency. 

All devices in the family are fabri-
cated with Cree’s 0.4 μm, 50 V pro-
cess and offer hybrid amplifi er design-
ers higher gain, effi ciency and power 
density with wide instantaneous band-
width. With its high breakdown volt-
age, thermal conductivity and satu-
rated electron drift velocity, GaN is 
an effective alternative to silicon (Si) 
and gallium arsenide (GaAs). The 50 
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RF Relay Switches
Fairview Microwave recently 
debuted a new portfolio of elec-
tromechanical RF relay switches 
that cover ultra-broadband and 
millimeter wave frequencies up 
to 40 GHz. These high-reliability 
RF switches are guaranteed to 
perform up to 2 to 10 million life 
cycles, which make them an ideal 
solution for demanding industries 
and applications related to mili-
tary/defense, aviation, radar, wire-

less communications, satellite communications, and test & measurement. 
Available in multiple varieties from SPDT (Single Pole Double Throw) to 
SP12T (Single Pole 12 Throw) and designed with either SMA, Type-N or 
2.92 mm depending on frequency range. 
Fairview Microwave
www.fairviewmicrowave.com

Power Amplifi ers 
Catalog
CTT announced a new four-page 
power amplifi ers short form cata-
log. The catalog features more than 
75 models developed for radar, EW 
and multi-function systems design. 
The amplifi ers feature narrowband 
CW, narrowband pulsed, wide-
band (CW) and ultra-wideband 
(CW) coverage. Frequency cover-
age is 0.1 to 18 GHz. CTT’s family 
of solid-state amplifi ers are fi nding 
applications in many of the next 
generation of high-performance 
communications, instrumentation 
and medical systems where high 
power is required.

CTT Inc.
www.cttinc.com

RF and Microwave Technology

Anaren Inc. is a Syracuse-based, global leader in RF and microwave tech-
nology used in wireless infrastructure, satellite, defense and consumer-
electronics applications. The company has approximately 1,000 employ-
ees and fi ve state-of-the-art facilities worldwide. Product lines include: 
standard passive components (e.g., couplers, power dividers, baluns, re-
sistors, attenuators, terminations), RF multichip modules, high-reliability 
softboard and ceramic PCBs, and complex assemblies (e.g., switching, 
beamformers, antenna feed networks, DRFMs, IMAs).
Anaren Inc.
www.anaren.com 

Testing & Validation 
Services
Coilcraft Critical Products & Ser-
vices (CPS) offers a full range of 
product testing and validation 
services to help electronics manu-
facturers determine the reliability, 
repeatability and/or compliance of 
the electronic components and as-
semblies they manufacture or pro-
cure. Coilcraft CPS’s testing capa-
bilities include vibration and me-
chanical shock to MIL-STD-202, 
as well as complete electrical 
testing, elemental analysis, radio-
graphic inspection, thermal shock 
and cycling, and other environ-

mental and analytical lab services. 
Coilcraft CPS Inc.
www.coilcraft-cps.com/pdf/testing.pdf

RF and Microwave 
Products 
CPI’s Beverly Microwave Division 
(BMD) designs and manufactures a 
broad range of RF and microwave 
products for radar, communica-
tions, electronic warfare and scien-
tifi c applications. BMD has been lo-
cated in Beverly, Mass. since 1947. 
CPI BMD is the world’s largest 
manufacturer of receiver protectors 
and magnetrons. They also manu-
facture TWTs, CFAs, transmit-
ter assemblies, scientifi c systems, 
high-power solid state switches and 
switch assemblies, pressure win-
dows plus a wide variety of multi-

function components and integrated microwave assemblies.
Communications & Power Industries
Beverly Microwave Division
www.cpii.com/bmd

High-Power Amplifi er 
Showcase
Delta-Sigma Inc. has expanded its 
website with greater detail about 
its custom high-power RF am-
plifi er modules, subsystems and 
complete systems (such as the 
16 kW amplifi er shown) for com-
mercial, medical and scientifi c ap-
plications. The site describes the 
company’s ability to design and 

manufacture unique RF power amplifi er systems that combine high ef-
fi ciency and linearity in compact footprints with CW or pulsed RF power 
output from 1 kW to more than 250 kW at frequencies up to 3 GHz.
Delta-Sigma Inc.
www.111rfpower.com
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Indirect Synthesizer 
with Frequency 
Modulation
Kratos General Microwave en-
hanced its family of indirect syn-
thesizers with the addition of 
model SF6218 with frequency 
modulation capability. It can pro-
vide a frequency deviation of 1 
GHz at up to a 10 MHz rate and 

can be controlled with either analog or digital inputs. Of special signifi -
cance, the synthesizer output frequency remains fully locked even while 
in the FM mode. Its small size and high reliability make it ideal for use 
in demanding airborne environmental conditions as well as test systems.
Kratos General Microwave Corp.
www.kratosepd.com/solutions/kratos-general-microwave

IBC/DAS/Small Cells 
Catalogue

When it comes to availability and 
quality of wireless data communi-
cation services, the high coverage 
requirements apply equally both 
outside and inside buildings. With 
the implementation of dedicated 
solutions like distributed antenna 
systems (DAS), additional capac-
ity for voice and data channels 
can be created as required. The 
HUBER+SUHNER IBC/DAS/
Small Cells product catalogue 
contains a wide range of radio 
frequency solutions that support 
all applications in the deploy-

ment of the mobile communication network in urban environments. Visit 
HUBER+SUHNER’s microsite at www.wireless-infrastructure.com/solu-
tions for a closer look.
HUBER+SUHNER 
www.hubersuhner.com

Success in NewSpace

The space industry is in the midst 
of dramatic change. NewSpace is 
driving disruption that hasn’t been 
seen since the original space race 
in the 1960s. Developing new 
strategies, processes and require-
ments – especially those associ-
ated with electronic design, devel-
opment and production – will be 
critical to working in NewSpace. 
Keysight’s latest white paper, “Uti-
lizing Commercial Best Practices 
for Success in NewSpace,” de-
scribes the challenges that these 
business models put on electronic 

design and test strategies and processes.
Keysight Technologies Inc.
www.keysight.com/fi nd/satellite-focus

New 2015 Catalog
IW presents their new catalog for 
2015. The latest edition features 
a new data sheet format with in-
creased technical content includ-
ing tabulated and graphical data 
for all cables including stranded 
center conductor, expanded Re-
Flex™ options, attenuation values 
in dB/m, useful cable handling in-
structions and new product speci-
fi cations – IW introduces 0471, 
170 series and RF250 following 
customer demand for smaller di-
ameter cable, improved attenua-
tion and extended frequency range 
for SATCOM applications, and the 
most versatile RG401 replacement 

available, respectively. IW – We’re Flexible!
Insulated Wire Inc.
www.iw-microwave.com 

Advanced 
Microelectronics Centers 
Mercury’s Advanced Microelec-
tronics Centers offer state-of-the-
art design and manufacturing for 
RF and microwave components 
and subsystems. They offer capa-
bilities designed to reduce costs 
and drive affordability. Highlights 
include: streamlined supply-chain 
with one-stop shopping from de-
sign through manufacturing, de-
creasing supply-chain complexity, 
signifi cantly reducing risk; world-
class automation – from produc-
tion through testing – lowering 
costs; co-located design and manu-
facturing engineering assets to op-

timize on-board and build-to-print work; plus redundant, state-of-the-art 
manufacturing capabilities scale from design to full-rate production. ISO 
9001 certifi ed.
Mercury Systems Inc.
www.mrcy.com

2015 Product Catalog
K&L designs and manufactures 
a full line of RF and microwave 
fi lters, duplexers and subassem-
blies, including ceramic, lumped 
element, cavity, waveguide and 
tunable fi lters. The catalog shows 
fi lter responses, loss calculations 
and standard packages for all 
products. K&L supplies many of 
today’s most signifi cant military 
and homeland security electronics 
programs. Applications include 
space fl ight, radar, communica-
tions, guidance systems, mobile 
radio base stations as well as air 
traffi c control and communica-
tions. Visit www.klmicrowave.com 

to download the complete catalog.
K&L Microwave
www.klmicrowave.com
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SATCOM Product 
Guide

Mini-Circuits has released a new 
SATCOM product guide in print 
and for download from their web-
site. This 32-page guide features 
a full survey of components and 
assemblies for satellite and earth 
station systems. With selected 
products from over 20 differ-
ent product types to 40 GHz, the 
guide provides key performance 
parameters for each product and 
serves as a handy reference for en-
gineers evaluating parts for their 
design needs.
Mini-Circuits
www.minicircuits.com 
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Filters, Multiplexers 
and Multi-function 
Assemblies

When being fi rst to react makes all 
the difference in the world, choose 
Reactel for your mission-critical 
fi lter requirements. This catalog 
features RF and microwave fi lters, 
multiplexers and multi-function 
assemblies for the military, indus-
trial and commercial industries. 
To request your copy, please email 
reactel@reactel.com, or visit www.
reactel.com.
Reactel Inc.
www.reactel.com

Field Proven GaN 
Solutions 
Qorvo’s high-performance GaN 
technology supports products 
from DC through Ka-Band for 
military and commercial applica-
tions. Qorvo continues to build 
on its 15-year GaN legacy of in-
novation and reliability by offering 
new products and foundry services 
that strive to meet their partners’ 
demanding system requirements. 
Their partners benefi t from the 
‘trusted’ supplier status and MRL-
9 classifi cation. Only Qorvo deliv-
ers performance, quality and reli-
ability that sets the standard in the 
industry. For more information 

visit www.qorvo.com/defense.
Qorvo Inc.
www.qorvo.com/defense

Aerospace and 
Defense Portfolio

Freescale’s RF aerospace and 
defense portfolio encompasses a 
range of high-power solutions, in-
cluding GaN, GaAs and LDMOS 
transistors and ICs, that support a 
wide variety of needs for military 
applications, such as avionics, HF 
through L- and S-Band radar, com-
munications, electronic warfare, 
and identifi cation, friend or foe 
(IFF). With leading-edge products 
and technology, a dedicated mili-
tary products team, and its prod-
uct longevity program, Freescale is 

your go-to source for aerospace and defense application needs. Brought 
to you by Richardson RFPD.
Richardson RFPD
www.richardsonrfpd.com

RADX LibertyGT 1211B 
Replace multiple “box instru-
ments” with one LibertyGT 
SDSI to substantially reduce size, 
weight and power (SWaP) and 
total cost of ownership (TCO)—
while signifi cantly improving 
measurement throughput. The 
RADX® LibertyGT® 1211B is 
a modular, COTS, multifunction, 
programmable, upgradable soft-
ware defi ned synthetic instrument 
(SDSI®) that supports a broad 
range of real time RF and micro-
wave stimulus, test and measure-
ment applications. 
RADX Technologies Inc.
www.radxtech.com/lgt1211b

Government 
Contracting
Remcom has a long history of pro-
viding development and analysis 
services for government custom-
ers.  Their propagation software 
division collaborates on govern-
ment contracts and provides cru-
cial support for the U.S. Depart-
ment of Defense (DoD) and other 
government agencies. The divi-
sion also develops and maintains 
the government propagation soft-
ware library known as EMPIRE. 
As a small business, Remcom is 
also eligible to bid on small busi-
ness innovative research (SBIR) 
and small business technology 

transfer (STTR) contracts.
Remcom 
www.remcom.com
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GORE-FLIGHT™ 
Microwave Assemblies
GORE-FLIGHT ™ Microwave 
Assemblies, 6 Series are light-
weight cable solutions for air-
frame assemblies in military and 
civil aircraft applications. These 
new assemblies deliver the low-
est insertion loss before and after 
installation, ensuring reliable per-
formance for the life of the system. 
Their robust construction reduces 
total costs by withstanding the 
challenges of installation, reduc-
ing costly production delays, fi eld 
service frequency and the need for 
purchasing replacement assem-
blies. The 6 Series are also light-

weight, which improves fuel effi ciency and increases payload.
W. L. Gore & Associates
www.gore.com/simulator

EW Capabilities
Teledyne Microwave Solutions 
(TMS) has deep experience pro-
viding a wide range of products 
and capabilities for the EW, ESM 
/ ELINT and radar markets. They 
have worked with most of the 
large OEM system manufacturers 
to develop custom SSPAs for EW 
needs; produced a wide variety of 
high performance receivers based 
on their patented IFM and unique 
wideband super-heterodyne tech-
nology for specifi c RWR, EW, SI-
GINT and ELINT applications; 
and developed TWTs, TWTAs, 
YIGs, fi lters and other products 
for today’s modern war-fighting 

 systems.
Teledyne Microwave Solutions
www.teledynemicrowave.com

Test & Measurement 
Catalog 2015

Rohde & Schwarz’ Test & Mea-
surement Catalog 2015 features 
more than 200 pages of informa-
tion about Rohde & Schwarz test 
& measurement instruments, 
systems and software. It includes 
a short description and photos of 
each product with important speci-
fi cations and ordering information. 
You can download this catalog as a 
PDF from the Rohde & Schwarz 
website or order a copy from cus-
tomer support (order number: PD 
5213.7590.42 V 05.00).

Rohde & Schwarz GmbH & Co. KG
www.rohde-schwarz.com 
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Coonrod’s Corner 
Video Series

John Coonrod hosts Coonrod’s 
Corner, a series of videos approxi-
mately 5 minutes in length each, 
that will teach you about popular 
topics in the PCB industry. Be-
come a member of the Rogers 
Corp. Technology Support Hub 
today to watch the video series, ac-
cess Rogers’ calculators, literature, 
technical papers and download the 

free ROG Mobile App for Apple and Android smartphones and tablets. 
Register for free at rogerscorp.com/techub.
Rogers Corp.
www.rogerscorp.com

Real-Time Spectrum 
Analyzer/RF Recorder

The BB60C is a broadband real-
time spectrum analyzer and RF 
recorder that captures and dis-
plays RF events as short as 1 µs. 
It has selectable IF streaming 
bandwidths from 250 kHz up to 

27 MHz. With accurate operation from 9 kHz to 6 GHz over its entire 
temperature range (-40° to +65°C available), the BB60C is well-suited for 
lab or fi eld use. It sells for $2879 USD, and includes an API for custom 
software development.
Signal Hound
www.signalhound.com

Harness Informational 
Briefi ng
Harnesses provide a multi-chan-
nel connectivity solution that 
requires minimal installation 
tools, delivers a compact connec-
tor footprint, removes the risk of 
crossed channels and misconnec-
tion, enables fast installation or 
replacement, and simplifi es wire 
management and routing. This 
briefi ng discusses benefi ts, ap-
plications, design components, 
qualifi cation testing and range of 
tailored harness solutions—both 
fl exible and semi-rigid—that are 
available from Teledyne Storm.

Teledyne Storm Microwave
www.teledynestorm.com
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A focused Forum addressing the application of RF integrated systems for UAVs.

The 2015 Defence, Security and Space Forum
At European Microwave Week

Wednesday 9 September –  Palais Des Congrès, Paris

The 2015 EuMW Defence, Security and Space Forum will feature executives from industry, 
academia, the military and from space agencies. It will be held in combination with the opening of 

EuRAD and will conclude with a round-table discussion. 

Programme:

10:50-18:45
EuRAD Opening Session

Strategy Analytics Lunch & Learn Session
This session will add a further dimension by offering a market analysis 
perspective, illustrating the status, development and potential of the 
market.

Microwave Journal Industry Panel Session
The session offers an industrial perspective on the key issues facing 
the defence, security and space sector. In accordance with the theme 
for 2015, the Panel will address: RF and microwave development for 
UAVs.

EuMW Defence & Security Executive Forum
High-level speakers from leading European Defence companies 
present their view on RF microwave technology trends for the next generation 
UAV platforms and systems. The industrial speakers are complemented 
by speakers from government, agencies and research organizations who will offer their 
perspective of military/security needs, programmes, budgets and scientifi c research for next 
generation systems.

Cocktail Reception
The opportunity to network and discuss the issues raised throughout the Forum in an informal setting.

Registration and Programme Updates
Registration fees are €10 for those who have registered for a conference and 
€50 for those not registered for a conference. 

As information is formalized, the Conference Special Events section of the EuMW website
will give further details and will be updated on a regular basis.

This session will add a further dimension by offering a market analysis 

the defence, security and space sector. In accordance with the theme 

present their view on RF microwave technology trends for the next generation 
UAV platforms and systems. The industrial speakers are complemented 

Register online at
www.eumweek.com FREEDOM THROUGH MICROWAVES

EuMW 2015 6 - 11 SEPTEMBER  2015
PALAIS DES CONGRÈS DE PARIS, FRANCE
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Precision 
measurements 
in an affordable 
package.

FieldFox Combination Analyzers

Six models up to 26.5 GHz

MIL-PRF-28800F Class 2 rugged

Agrees with benchtop measurements

CAT + VNA + Spectrum Analyzer

Your job is to move your space-based system from concept through 
installation. The Keysight FieldFox enables you to make crucial RF 
and microwave measurements with three precise instruments in one: 
cable & antenna tester (CAT) + vector network analyzer (VNA) + 
spectrum analyzer. It’s the one single instrument precise enough for 
the lab and rugged enough for the  eld.

Download “Correlating Measurements between 
Handheld and Benchtop Analyzers” app note at 
www.testequity.com/fieldfox 
Buy from an Authorized Distributor  800 732 3457

© Keysight Technologies, Inc. 2015.
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