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Missing a Pulse Can Be Deadly.

• Real-Time Power Processing™  for gap-free analysis

• 100 MSa/sec SUSTAINED sample rate is world’s fastest

• 10 GSa/sec effective rate for superb waveform fidelity

• <3 ns risetime and up to 195 MHz video bandwidth

• 100 ps time resolution for enhanced trigger stability   

• Triggered acquisition speeds over 100,000 sweeps/sec

• Capture and analyze data more than 100x faster 
   than conventional power sensors

For more information visit us at boonton.com or call 
+1 973-386-9696.

Capture every pulse with no missed glitches. 
The 55 Series delivers unsurpassed speed and 
accuracy for the most demanding RF power mea-
surements thanks to Boonton’s Real-Time Power 
Processing™ technology. With this revolutionary 
technique, all processing steps take place in parallel, 
guaranteeing gap-free signal acquisition and reliable 
capture of all transients, dropouts or interference. 

Taking Performance to a New Peak.

Boonton

The Smartest, Fastest and Only
 Real-Time USB Peak Power Sensor.
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POWER
SPLITTERS

COMBINERS
 as low as79 ¢

from2 kHz to18 GHzNOW!

The Industry’s Largest Selection includes THOUSANDS  
of models, from 2 kHz to 18 GHz, at up to 300 watts power, in coaxial, 

flat-pack, surface-mount and rack-mount housings for 50 and 75 Ω systems.
From 2-way through 48-way designs, with 0°, 90°, or 180° 

phase configurations, Mini-Circuits power splitters/combiners  offer 
outstanding performance for insertion loss, isolation, and VSWR. 

Decades of experience with multiple technologies make it all possible, from 
core & wire, microstrip, and stripline, to semiconductors and LTCC ceramics.

Get easy-to-find, detailed data and performance curves, S-parameters, 
outline drawings, PCB layouts, and everything else you need to make a decision 

quickly, at minicircuits.com. Just enter your requirements, and our patented search 
engine, Yoni 2, searches actual test data to find the models that meet your needs.

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

current stock quantities and real-time availability, as well as pricing, to 
help our customers plan ahead and make quick decisions. 

So why wait? Take a look at minicircuits.com today! 

o S
C O M P L I A N T

RoHS Compliant 
Product availability is listed on our website. 

Mini-Circuits®

www.minicircuits.com    P.O. Box 350166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com
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New Wave in Noise

NoiseWave
your supplier of high performance, precise equipment for AWGN
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High-incident power surges, 

antenna co-location issues  

and dissimilar power levels  

can wreak havoc on a system  

if you’re not prepared. But with 

Cobham RF/Microwave Limiters 

at the ready, you’ll have all the 

power protection you need. 

These limiters are proven 

designs that feature the 

industry’s best power handling, 

leakage current, and recovery 

time for your most challenging 

applications. 

■   Frequencies: DC to 40 GHz

■  CW Power: Up to +53 dBm

■  Peak Power: Up to +60 dBm

■  Flat Leakage: <11 dBm

■  Recovery time: <40 nS

With hundreds of models to 

choose from, and package styles 

ranging from surface mount, to 

drop-in, to connectorized, this is 

the fastest and most dependable 

way to tame unruly power.  

Call us, or visit our website 

today for complete details. 

Cobham Signal &  
Control Solutions 
732-460-0212 
www.cobham.com/CSCS

Tame unruly power.

The most important thing we build is trust

Cobham Signal & Control Solutions formerly Aeroflex Signal & Control Solutions
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Copper
63.546

 More Q.  Less Cu
These tiny new air core inductors

have the highest Q and current handling
in the smallest footprint.

Coilcraft’s new SQ air core inductors have unmatched Q
factors: most are above 200 in the 1-2 GHz range! That’s 3
times higher than comparably sized 0805 chip coils.

And with their extremely low
DCR, they can handle 4 to 8 times
more current: up to 4.4 Arms.

SQ air core inductors are perfect
for your LC filter and RF impedance
matching applications. They come in
15 values ranging from 6 to 27.3 nH,
all with 5% tolerance.

These coils
are significantly smaller than exist-
ing air core inductors. We reduced
the footprint by using close-wound
construction and keeping the leads
close to the body. The square shape
cuts the height to as low as 1.5 mm
and creates flat top and bottom sur-

faces for easy automated handling
and stable mounting.

See how the ultra-high Q and
current handling of Coilcraft’s
new SQ air core inductors can
maximize the performance of

your next design. For complete specifications and free
evaluation samples, visit www.coilcraft.com/sq

www.coilcraft.com 800/322-2645

®

Q factors are 3X higher than
standard chip inductors

RoHS
COMPLIANT

The square shape and narrow footprint
reduce board space by 60-75% over

conventional air core inductors.

7.8125 x 10.75
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521 rev G

RF SWITCH MATRIX

* The mechanical switches within each model are offered with an optional 10 year extended warranty. 
Agreement required. See data sheets on our website for terms and conditions. Switches protected by 
US patents 5,272,458; 6,650,210; 6,414,577; 7,633,361; 7,843,289; and additional patents pending.

†See data sheet for a full list of compatible software. 

DC to 18 GHz  from 
$385 ea.

Mini-Circuits®

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

We’re adding more models and more functionality to our line of RF 
switch matrices. All models now feature switch cycle counting 
with automatic calibration interval alerts based on actual usage, 
an industry first! This function improves test reliability and saves 
you money. Our new RC-series models feature both USB and 
Ethernet control, so you can run your test setup from anywhere 
in the world!  Rugged aluminum cases on all models house our 
patented mechanical switches with extra-long life of 10 years/100 
million cycles of guaranteed performance!*  

Our easy-to-install, easy-to-use GUI will have you up and 
running in minutes for step-by-step control, full automation, 
or remote operation. They’re fully compatible with most 
third-party lab software,† adding capabilities and efficiency 
to existing setups with ease!  Visit minicircuits.com today 
for technical specifications, performance data, quantity 
pricing, and real time availability – or call us to discuss your 
custom programming needs – and think how much time 
and money you can save! 

USB & ETHERNET 

  Model   # Switches IL   VSWR Isolation    RF PMAX Price $ 
  (SPDT)   (dB) (:1) ( dB)     ( W ) (Qty. 1-9)  
 
 USB-1SP4T-A18 1 (SP4T) 0.25 1.2 85 2 795.00
 USB-1SPDT-A18 1 0.25 1.2 85 10 385.00       
 USB-2SPDT-A18 2 0.25 1.2 85 10 685.00   
 
 USB-3SPDT-A18 3 0.25 1.2 85 10 980.00     
   USB-4SPDT-A18 4 0.25 1.2 85 10 1180.00
 USB-8SPDT-A18 8 0.25 1.2 85 10 2495.00
                                                 

NEW

  USB Control Switch Matrices

  Switch position
  indicator lights

  USB and Ethernet Control Switch Matrices
  Model   # Switches IL   VSWR Isolation    RF PMAX Price $ 
  (SPDT)   (dB) (:1) ( dB)     ( W ) (Qty. 1-9)  
 
 RC-1SP4T-A18 1 (SP4T) 0.25 1.2 85 2 895.00
 RC-2SP4T-A18 2 (SP4T) 0.25 1.2 85 2 2195.00
 RC-1SPDT-A18 1 0.25 1.2 85 10 485.00       
 RC-2SPDT-A18 2 0.25 1.2 85 10 785.00   
 
 RC-3SPDT-A18 3 0.25 1.2 85 10 1080.00
 RC-4SPDT-A18 4 0.25 1.2 85 10 1280.00
 RC-8SPDT-A18 8 0.25 1.2 85 10 2595.00

NEW

NEW

FEATURE

SWITCH
CYCLE
COUNTING
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James Clerk Maxwell was a Scottish1,2 scientist in the 
fi eld of mathematical physics.3 His most notable achievement 
was his formulation of the classical theory of electromagnetic 
radiation, bringing together electricity, magnetism and light 
for the fi rst time as manifestations of the same phenomenon. 
Maxwell’s equations for electromagnetism have been called the 
“second great unifi cation in physics”4 after the fi rst one realized 
by Isaac Newton.
 His discoveries helped usher in the era of modern phys-
ics, laying the foundation for such fi elds as special relativity 
and quantum mechanics. Many physicists regard Maxwell as 
the 19th century scientist having the greatest infl uence on 20th 
century physics. His contributions to the science are considered 
by many to be of the same magnitude as those of Isaac Newton 
and Albert Einstein.5 In the millennium poll—a survey of the 
100 most prominent physicists—Maxwell was voted the third 
greatest physicist of all time, behind only Newton and Einstein.6
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State of the Art in 
Microwave VCOs
A.P.S. Khanna
NI Microwave Components, Santa Clara, Calif.

Microwave oscillators are at the heart 
of all RF and microwave systems 
from wireless communications, radar 

and navigation, military and aerospace to vital 
test equipment. Voltage controlled oscillators 
(VCO) represent the most common form of 
oscillators that tune across a band of frequen-
cies specific to applications. VCOs have come a 
long way from the vacuum tube based compo-
nents of 85 years ago to present fully integrated 
ICs. Stand-alone VCOs are commercially avail-
able in various SMT packages, hybrid coaxial 
modules, raw die, as well as part of higher-level 
mixed-signal ASICs. Improvements in VCO 
technology have continued throughout that 
time, yielding ever-smaller sources with en-
hanced performance. This article will cover ba-
sic topology, applications, evolution, specifica-
tions and future trends of VCOs based on three 
terminal devices.

VCO BASICS
A typical block diagram for a basic VCO is 

shown in Figure 1. A three-terminal active de-
vice is the oscillation device that is enabled to os-
cillate at the desired band of frequencies with the 

help of a series feedback circuit 
on one port and a voltage tunable 
resonator or capacitor on the sec-
ond port. A matching circuit on 
the third port is used to extract 
power typically into 50 ohms.

The large signal oscillation 
condition for this topology is 
given by:1

[S][S']=[I] (1)
where [S] represents an ac-
tive matrix, and [S'] represents 
a passive matrix. In simplified 
form, this condition can be pre-
sented as follows:

S"11Ɗ1=S"22Ɗ2=S"33Ɗ3=1 (2)
where S"11 is the modified reflection coefficient 
at port 1 with ports 2 and 3 loaded by imped-
ances corresponding to reflection coefficient Ɗ2  
and Ɗ3.

A VCO is a type of oscillator which common-
ly uses a varactor diode to tune its frequency. 
The tuning range of VCOs can vary from a tiny 
0.1 percent to more than an octave band. Other 
types of microwave oscillators include dielectric-
resonator oscillators (DRO), YIG-tuned oscilla-
tors (YTO), surface acoustic-wave (SAW) oscil-
lators, and transmission-line oscillators among 
others. Table 1 compares these oscillators.

While there are many types of VCOs, it is 
their application that determines their desired 
characteristics. VCOs are a key part of test 
instruments and are used as a basic source of 
RF energy in signal generators, synthesizers as 
well as vector network analyzers. In spectrum 
analyzers and vector signal analyzers, VCOs are 
used in the generation of wideband local oscil-
lators. In most cases, VCOs are converted to 
synthesized sources using PLL techniques and 
a low phase noise reference oscillator.2 In these 
applications, phase noise, switching time and 
compact size are critical requirements.

Another VCO application is transmitter and 
receiver local oscillator synthesizers for wire-
less communications, digital radios, satellite 
terminals and satellites for both down-convert-
er and up-converter application. These systems 
provide voice, data or video transmissions. 
VCOs are also an essential part of radars and 
military electronic systems where, in addition 
to phase noise, fast-frequency settling charac-
teristics are important requirements. In threat 
simulator and EW jamming systems, signal re-
sponses of sub-microseconds are vital.

VCOs are directly used in FM communication 
systems where modulation frequency is applied 
to their tuning ports. In these applications, tuning 
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up to 40 GHz by the early 1990s. Silicon 
bipolars with an fmax of 35 GHz and os-
cillation capability to 18 GHz as VCOs 
and 22 GHz as YTOs were reported.5,6

fT of GaAs FET devices continued to 
increase to beyond 100 GHz.

The availability of frequency-tun-
ing element varactors made a large 
impact on VCO technology. Note that 
abrupt-junction varactor diodes were 
initially used; however, their frequen-
cy bandwidth was limited. Hypera-
brupt-varactor diodes with higher ca-
pacitance variation ratios were made 
available in the 1970s resulting in 
wideband VCOs with better linearity. 
Both silicon bipolar as well as GaAs 
diodes are now commonly used. GaAs 
diodes typically have a higher Q but 
do not necessarily have better phase 
noise because of up-converted surface 
noise caused by lack of passivation. 
The thermal-oxide passivation of sili-
con varactors provide better 1/f noise 
and hence better phase noise. Another 
reason for choosing silicon is the poor 
frequency stability record of GaAs di-
odes. Because of the higher thermal 
resistance of gallium arsenide, GaAs 
diodes do not settle as fast as silicon 
diodes in fast VCOs, and the high sur-
face state density in GaAs results in 
significant long-term drift compared 
to silicon. GaAs hyperabrupt diodes 
do offer better tuning ranges at higher 
frequencies due to their lower capaci-
tances, higher Qs and higher capaci-
tance ratios.

In the 1970s, microwave VCOs 
used bare die and thin film technology 

VCO EVOLUTION
Two-terminal VCOs started as early 

as the 1960s and provided low phase 
noise tunable signals to over 100 GHz. 
Nevertheless, because of their size, high 
power consumption and cold start is-
sues, their applications were limited 
to high-end uses until three-terminal 
devices capable of signal generation in 
microwaves started showing up in the 
1970s. Silicon bipolar and GaAs FET 
devices were the first to be exploited in 
VCOs. X-Band VCOs were a reality by 
1975 using GaAs FETs.4 Silicon bipolar-
based X-Band VCOs were introduced 
soon after. While silicon bipolar de-
vices had an advantage of lower phase 
noise, GaAs FETs were able to deliver 
more power and higher frequencies of 
oscillations. Silicon bipolar devices ulti-
mately were able to cover VCOs up to 
Ku-Band5 and thus became the tech-
nology of choice, especially because of 
good phase noise and low power con-
sumption. Silicon bipolar-based VCOs 
typically had a close-in phase noise of 
about 10 dB better than a GaAs FET 
device in X-Band, for example. GaAs 
MESFET devices made discrete VCOs 

linearity and modulation bandwidth are 
challenging specifications in the design 
of the VCO. In a specific requirement 
of an FMCW radar used in radio al-
timeters or collision avoidance systems, 
tuning linearity is directly linked to the 
accuracy of the measurement.

All modern digital and optical 
communications systems need a ba-
sic clock that is generally a low noise 
VCO. Clock frequencies have been 
continuously increasing and are cur-
rently in the range of tens of GHz. A 
clock frequency of more than 40 GHz 
is used in 40 Gb/s telecommunication 
systems. These clocks demand very 
low jitter performance.

Commercial availability of funda-
mental stand-alone VCOs are pres-
ently limited to K-Band. Higher-fre-
quency sources are generated using 
frequency multipliers, which add har-
monic-related products that require 
filtering at the output. However there 
has been rapid technological progress 
in semiconductor integration of VCO 
circuitry. The semiconductor indus-
try has demonstrated VCOs with fre-
quencies higher than 200 GHz.3

TABLE 1
COMPARISON OF COMMON TYPES OF OSCILLATORS

Type Tuning 
Range

10 GHz 
Phase Noise 
@100 kHz 

offset 

Switching 
Speed

Hysteresis Size 
inch 
cube

Relative 
Cost

Power 
Consumption

VCO Octave -110 dBc/Hz 1 µsec Low 0.001 1 Low

YTO Decade -120 dBc/Hz 1 msec High 1.0 10 High

DRO 1% -120 dBc/Hz N/A N/A 0.5 5 Low
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cent tuning range VCO was realized at 
77 GHz (see Figure 3) with a decent 
phase noise of -92 dBc/Hz at 1 MHz off-
set.9 It is important to note that InGaP 
HBT technology has been the technolo-
gy of choice for low noise discrete VCO 
MMICs for over a decade. Narrow or 
wideband VCO MMICs using InGaP 
HBTs are presently commercially avail-
able up to 20 GHz.

The performance of both CMOS 
and SiGe HBTs, as measured by fT, 

form, which limits their use in Ku-Band 
applications as the SMT packages be-
come parasitic. However, SiGe IC de-
vices have been steadily making strides 
in high performance VCO functions up 
to mmWave frequencies. A wideband 
VCO with 30 percent bandwidth has 
been reported at 80 GHz using SiGe 
technology with +12 dBm of power and 
phase noise of -97 dBc/Hz at 1 MHz 
offset. Multiple varactors were used in 
achieving this bandwidth.7

GaAs FET and PHEMT devices 
have proven to be excellent devices for 
higher power at higher frequencies as 
wideband amplifi ers. However, these 
devices fall short in phase noise per-
formance due to high 1/f noise. HBT 
structures on GaAs offer signifi cantly 
superior 1/f noise due to the vertical 
current fl ow. GaAs HBT, InP HBT and 
more commonly InGaP HBT became 
the technology of choice in the early 
part of the century, which were able to 
combine high frequency potential with 
low 1/f noise.8 Technology improve-
ments were able to reduce the base-
emitter distance to 0.5 µm and helped 
increase fmax to close to 200 GHz. Using 
a push-push confi guration, an 8 per-

with chip-and-wire assembly tech-
niques. These VCOs were packaged in 
metal housings (see Figure 2). Soon, 
SMT parts were available and VCOs 
were also made available in SMT 
packages for direct attachment onto 
the PCB in the 1980s. MMIC VCOs 
entered the market in the 1990s and 
changed the landscape. Using silicon 
and GaAs technologies, IC VCOs 
were the only way to meet cost targets 
of emerging wireless markets. VCO 
functions quickly integrated into high-
er level ICs to meet the challenge.

STATE OF THE ART
With time, new semiconductor 

technologies were introduced for 
three-terminal active devices and were 
experimented within their application 
with VCOs. Some of those technolo-
gies, which provided good phase noise, 
became popular, including SiGe and 
InGaP HBTs. These devices not only 
offered higher frequency operation but 
also very low phase noise, comparable 
to Si BJTs at lower frequencies.

Commercially available SiGe dis-
crete devices have a fT of greater than 
80 GHz but are available only in SMT 

26  MICROWAVE JOURNAL Q MAY 2015

V Fig. 2  VCOs in a metal housing (a) and 
TO-8 cans (b).

V Fig. 3  77 GHz VCO with 8% tuning range 
and phase noise of -92 dBc/Hz at 1 MHz offset. 
©2003 IEEE. Reprinted with permission from 
IEEE Proceedings, June 2003.
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Figure 5 shows the evolution of ft
for CMOS, InP HBT and SiGe tech-
nologies. Conventional CMOS is now 
rapidly reaching its fundamental lim-
its of silicon performance despite ever 
decreasing transistor line widths and 
use of highly complex architectures. It 
may be noted that for purely RF de-
vices, III-V implementations may turn 
out to be a lower cost solution under 
certain conditions when use of exist-
ing designs and time-to-market are 
taken into account. However, as the 
world moves towards integration of 
RF with digital and control functions 
for high volume applications, CMOS 
has a clear advantage.

Among other emerging technolo-
gies, GaN is a promising one for high 
power and high frequency signal sourc-
es. GaN’s potential to generate directly 
multi-watts of RF power at S- and C-
Bands is unmatched in the solid-state 
industry. Almost 50 W of RF power has 
been realized at 2.45 GHz.11

With commercial availabil-
ity of GaN amplifier MMICs in the 
mmWave frequencies,12 oscilla-
tors exceeding 100 GHz using GaN 
are not far behind. A W-Band VCO 
MMIC has been realized using 0.1 
µm AlGaN/GaN HEMT technology. 
Covering 85.6 to 92.7 GHz, it provid-
ed better than +10 dBm power out-
put (see Figure 6). Phase noise of the 
VCO varied between -80 to -90 dBc/
Hz at 1 MHz offset from the carrier.13

VCO PERFORMANCE 
PARAMETERS

The importance of VCO charac-
teristics depends upon its applica-
tions. In addition to basic parameters 
like frequency range, RF power out-
put, harmonics, spurious and power 
consumption, there are a number of 
special parameters that determine 
the quality of the operation of the 
system. These include tuning linear-
ity, frequency pushing, load pulling, 
frequency settling, modulation band-
width, phase noise and jitter. Some of 
these parameters are outlined below:

Frequency Range
The output frequency of a VCO 

can vary over a wide range depending 
on the tuning varactor, active device 
and architecture. Frequency band-
width is defined as:

Bandwidth=(fmax-fmin)/fcenter (3)

fmax, or NFmin, has dramatically im-
proved with geometry scaling and 
technology enhancements. These 
silicon technologies are able to imple-
ment large amounts of digital logic 
in a given area, enabling the on-chip 
integration of control logic and digital 
signal processing. The combination of 
mm-scale wavelengths, low cost, and 
the ability to integrate make these 
technologies an attractive solution for 
transceiver topologies being imple-
mented on a single die.

CMOS has made significant in-
roads into microwave and mmWave 
VCO functions as part of a higher-
level mixed-signal IC. CMOS is key 
to achieve low cost integrated circuits 
at frequencies approaching 100 GHz 
and enable the rapidly growing needs 
of communications and radar applica-
tions. A 118 GHz VCO with 8 percent 
bandwidth and -83 dBc/Hz at 1 MHz 
phase noise has been reported using 
CMOS (shown in Figure 4.)10 Low 
level oscillations up to 300 GHz have 
been reported using 65 nm CMOS.3
CMOS and SiGe technologies are 
both in use presently, but CMOS is 
expected to take the lead with the new 
0.1 µm technology, which will enable 
it to perform at the new emerging ap-
plications in 5G as well as collision-
avoidance radar frequencies covering 
30 to 86 GHz.

V Fig. 4  118 GHz VCO with 8% bandwidth 
and phase noise of -83 dBc/Hz at 1 MHz offset. 
©2011 IEEE. Reprinted with permission from 
IEEE Proceedings, June 2011.

V Fig. 5  Evolution of ft for various tech-
nologies over the years.
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is related to the resonator quality fac-
tor and is sometimes used to measure 
quality of the oscillator. In view of the 
fact that it is a means to change the 
frequency, this characteristic has been 
used for narrowband FM or phase 
locking for VCOs that present a linear 
or monotonic relationship between 
voltage and frequency.

Harmonic Suppression
Harmonic signals represent fre-

quencies that are integer multiples of 
the fundamental or carrier frequency 
and are generally measured in dBc 
with respect to power in fundamental 
frequency. An oscillator inherently be-
ing a nonlinear device will always have 
harmonics. However, the level of har-
monics are generally affected by the 
design and are commonly rejected by 
using an external lowpass fi lter.

Spurious Response
Spurious outputs are the unde-

sired signals in the output of a VCO, 
which are not harmonically related 
to the fundamental frequency. One 
of the causes of close-in spurious is 
from the ripple in the power supplies, 
i.e., 60 Hz and its harmonics. It is a 
low frequency modulation effect pro-
duced by the pushing characteristics 
of the VCO. Another type of spuri-
ous is caused by multiple instabilities 
in the active device causing low-level 
signals almost anywhere in the useful 
frequency range of the active device. 
Careful design can avoid these spuri-
ous. It is important to note that spu-
rious performance over temperature 
can vary due to gain variation of the 
active device. It is not uncommon to 
fi nd spurious only at cold tempera-
tures.

Tuning Sensitivity and Linearity
Tuning sensitivity or modulation 

sensitivity describes the monotonic 
relationship between the tuning volt-
age and VCO frequency. Measured 
as Hz/V, it represents the differential 
of the tuning voltage curve. Many ap-
plications require linear tuning char-
acteristics or constant tuning sensitiv-
ity. Linear tuning is affected by the 
type of varactor diode and oscillator 
architecture. Hyperabrupt varactor 
diodes offer better linearity for exam-
ple. Special profi les for the varactors 
have been made available for linearity. 
Another infl uencing parameter is the 
VCO circuit itself, which can be opti-

In this formula, fmax is the maxi-
mum tuning frequency, fmin is the 
minimum, and fcenter is the center 
of the frequency range. Frequency 
bandwidths of up to 100 percent have 
been reported; up to 67 percent (an 
octave bandwidth) are commercially 
available up to K-Band.

Output Power
The output power of a fundamen-

tal RF VCO can vary from less than 
0 dBm for a small low noise device to 
greater than a watt from a power de-
vice. However, since the required RF 
power can typically be achieved by us-
ing amplifi ers at the output of VCOs, 
the VCO design is optimized more for 
parameters other than power output. 
Output power fl atness in ± dB over the 
frequency band is another important 
parameter that refl ects the output im-
pedance match of the VCO to the load.

DC Power Effi ciency
Since a VCO is a DC-to-AC con-

verter, its DC power effi ciency is one 
of the measured characteristics. It is 
measured as the ratio of RF power 
output to DC power input. At micro-
wave frequencies a typical effi ciency 
of about 10 percent is achieved. Load 
coupling/isolation is one of the factors 
that impact power effi ciency.

Frequency Pushing
Effect of DC bias voltage variation 

is related to pushing fi gure. Pushing 
fi gure is defi ned in Hz/V and is mea-
sured by varying DC bias in steps of 
not more than 0.1 V.

Frequency Pushing =�f/�V (4)
In a typical VCO, pushing fi gure 

V Fig. 6  W-Band VCO MMIC using 
AlGaN/GaN HEMT technology with better 
than +10 dBm power output. ©2014 IEEE. 
Reprinted with permission from IEEE Pro-
ceedings, June 2014.
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as well as the modulating source imped-
ance. Generally, high frequency VCOs 
have higher modulation bandwidths. 
Typical bandwidths are between 10 
and 20 MHz. Using optimized circuits, 
tuning bandwidths of greater than 100 
MHz have been achieved at X-Band as 
shown in Figure 7.

Slew Rate
Slew rate is the rate of change of 

VCO signal and is of signifi cance in 
VCOs used as clocks in digital circuits 
and is presented in V/sec. In a sinusoi-
dal source, it can be estimated by:

SR = 2 � f Vpk, where Vpk is the 
peak amplitude of the sine wave clock.

Frequency Settling and Post Tuning 
Drift

When a VCO frequency is switched 
from one point to another, it takes 
a fi nite amount of time to settle to 
the new point within the frequency 
range. Settling time is defi ned as the 
interval between the time when the 
input tuning drive waveform reaches 
its fi nal value and the time when the 
VCO frequency falls within a speci-
fi ed tolerance of a stated fi nal value at 
a particular time. Frequency settling 
refers to close-in settling (typically up 
to 1 msec) (see Figure 8). Post tuning 
drift, on the other hand, represents 
the frequency settling characteris-
tics between two points in time typi-
cally between 1 msec and 1 minute or 
more. Time references are generally 

In a VCO, if the amplitude of the 
modulating signal and modulating 
frequency (fm) are proportionally in-
creased, the modulation index and the 
amplitude of the carrier plus the side-
band signals will remain constant up to 
a point and will start decreasing after 
that. When the effective deviation of 
the modulating signal is 0.707 of the 
initial value, that modulating frequen-
cy is known as the 3 dB modulation 
bandwidth. Modulation bandwidth is a 
function of the tuning port impedance 

mized for linearity. In certain applica-
tions ADC and ROM devices can be 
used to digitally enhance the linearity 
of VCO tuning characteristics.

Modulation Bandwidth
Modulation bandwidth is the speed 

at which a VCO frequency can be 
changed. In reality, the VCO acts as a 
frequency modulator where frequency 
can be modulated using an AC voltage 
on the tuning port. Higher modula-
tions help with wideband FM systems.

V Fig. 7  Modulation bandwidth of a 10 
GHz VCO.
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perature of both the transistor and the 
varactor are changing due to changes 
in RF circuit effi ciency and loading. 
This causes impedance changes that 
result in frequency shift. The time in-
terval during which this happens is de-
pendent on the thermal impedance of 
the devices. The varactor used in the 
VCO is a signifi cant factor for frequen-
cy settling caused by the choice of pas-
sivation. Ceramic-to-glass passivation 
is usually superior to thermal oxide or 
silicon dioxide passivation in terms of 
post tuning drift.  However, devices 
with thermal oxide passivation usually 
have more stable settling-time perfor-
mance over time and temperature. An-
other parameter affecting frequency 
settling is chip thickness. In general, 
thinner is better because of less resis-
tance in series as well as lower thermal 
resistance. The varactor and the active 
device are the two components where 
the most thermal sensitivity occurs and 
dominates this performance; hence, 
any long thermal time-constant associ-
ated with either of these components 
can cause pronounced frequency set-
tling effects.

There are a number of measure-
ment methods for frequency settling 
characteristics. Use of a frequency 
discriminator at the fi nal frequency 
or at a down-converted frequency is 
a common method. With recent ad-
vances in technology, new approaches 
have become possible. Modern digital 
oscilloscopes are handy tools for mak-
ing time-domain measurements, and 
they have recently become available 
to work at microwave and mmWave 
frequencies. Newly released high fre-
quency oscilloscopes are already able 
to analyze signals up to 100 GHz,14

providing microwave engineers with a 
tool for time-domain measurements. 
High frequency scopes make a num-
ber of VCO measurements possible 
including frequency, power output, 
jitter, modulation bandwidth and fre-
quency settling characteristics. Fig-
ure 9 shows a settling time measure-
ment of a 6 to 8 GHz VCO using a sili-
con bipolar active device and a silicon 
hyperabrupt varactor. It shows that 
the VCO frequency settles within ± 4 
MHz in less than 750 nanoseconds.

Frequency Load Pulling
VCO frequency also is affected by 

the load impedance. Variation in load 
magnitude and phase will change the 

application specifi c.
Frequency set-

tling is determined 
by a number of fac-
tors including type of 
active device, varac-
tor diode, thermal 
management as well 
as quality of die at-
taching. During the 
interval, when the 
VCO is being tuned, 
the junction tem-

V Fig. 9  Frequency settling from 6 to 8 GHz using LeCroy LabMas-
ter 10 Zi 36 GHz/80 Gs/s oscilloscope.
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the attenuator after the directional 
coupler and use a coupler with very 
good directivity at the frequency of 
measurement. Peak-to-peak power 
variation is typically measured into a 
6 dB attenuation representing a 12 dB 
return loss. From the power variation 
()P) and return loss, output VSWR or 
return loss of the oscillator can easily 
be calculated using:
VSWR = (5 × 10) P/20-3)/(5-3 × 10) P/20)

An interactive web flash tool can 
perform this equation as well.15

Hysteresis
Hysteresis represents the maximum 

difference in VCO frequency mea-
sured at the same tuning voltage when 
the oscillator is tuned slowly through 
the specified tuning range from low 
end to high end and vice versa. Unlike 
YTOs, VCOs present a very low hyster-
esis. However, poor thermal manage-
ment, where slow frequency drift over 
a long period is present, can result in 
adverse hysteresis.

Phase Noise and Jitter
Phase noise is an important charac-

teristic of a VCO. It represents short-
term stability of the device. Oscillator 
power is distributed in spectral distri-
butions known as noise sidebands on 
opposite sides of the carrier. Phase 
noise can be analyzed as FM phe-
nomenon that describes short-term 
random frequency fluctuations of a 
signal. It is measured in dBc/Hz at a 
particular offset from the carrier. The 
phase noise of a VCO is determined 
by a number of factors including reso-
nator quality factor, type of varactor or 
the active device used, power supply 
noise, tuning voltage supply noise as 
well as the circuit design of the oscil-
lator itself. Once DC power supplies 
are quieted, phase noise depends 
mainly upon the overall quality factor 
of the circuit and noise properties of 
the semiconductor devices. Higher Q 
means lower bandwidth and vice ver-
sa. For better phase noise, therefore, 
one can combine multiple narrow-
band VCOs rather than using a single 
wideband VCO. Regarding semicon-
ductor technologies, silicon bipolar, 
SiGe HBT and InGaP HBTs are the 
technologies of choice and are used 
as demanded by frequency and other 
features desired.

A graphical representation of phase 
noise is shown in Figure 11. The vari-

ality, VCOs are rarely used directly in 
high VSWR loads. Isolation between 
load and VCO is generally achieved by 
using an isolator or a buffer amplifier.

Power Load Pulling and Output 
VSWR

Power load pulling is the variation 
of VCO power output with the magni-
tude and phase of a known load return 
loss. Power load pulling is measured 
in a way similar to frequency pulling 
(see Figure 10). Care is taken to place 

frequency of the VCO as a function of 
the oscillator quality factor. Frequen-
cy pulling, generally in MHz, is mea-
sured at a frequency by changing the 
phase of a known return loss through 
180 degrees. Typically, a 12 dB return 
loss or a 6 dB attenuator is used as 
shown in Figure 10.

Load pulling is also used to test 
whether the VCO is falling out of os-
cillations at a given frequency when 
expected worst-case load return loss 
is rotated through 180 degrees. In re-
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lowing engineers more time to design 
and less time measuring. Figure 12
shows a phase noise plot of a 10 GHz 
narrowband VCO and a wideband VCO 
using a silicon bipolar transistor.

Jitter is another measure of short-
term stability, which is used more in the 
digital world. A perfect sinusoidal out-
put of an oscillator would have identical 
time between subsequently measured 
zero crossings along the time axis. Any 
deviation from this time is defi ned as 
a phase fl uctuation and is known as jit-
ter. Jitter is responsible for causing bit 
errors. In other words, jitter is a time-
based phenomenon in which the edges 
of waveform transitions arrive early 
or late with respect to the clock that is 
latching the signal. If, for instance, the 
data edge arrives after its companion 
clock edge, then a bit that was supposed 
to be latched as high will be latched as 
low. Wrong edge timing causes incor-
rect latching which causes bit errors.

A low jitter clock source is an essen-
tial requirement for a low bit error rate 
digital communication system. Jitter in 
digitizer circuits deteriorates the signal-
to-noise ratio. With ever increasing data 
rates both in the wireless and wired 
world, digital clocks have entered the 
microwave and mmWave region. While 
Gb/s data is entering the wireless world, 
optical communication systems are 
knocking at the terabit rate door. These 
clocks are nothing but microwave VCOs 

noise from various noise sources de-
grades the phase noise of the VCO. A 
number of methods are used to measure 

phase noise. An old 
trusted method has 
been the one which 
uses a frequency dis-
criminator at the fi nal 
frequency, requiring 
complex calibration. 
Automated phase 
noise measurements 
are now the norm al-

ous noise sources inside and outside the 
transistor modulate the VCO, resulting 
in energy or spectral distribution. More 

V Fig. 10  Frequency pulling and output VSWR measurement setup.
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mixed-signal ICs. Even when it is hard 
to see these master functions physi-
cally, they continue to provide vital 
control functions for communication, 
navigation and radar.

It seems that progress in VCO 
technology has slowed in the last de-
cade. Technologies of choice for low 
phase noise, for example, remain 
silicon-bipolar devices, SiGe HBTs, 
and InGap HBTs.17 Gradually, the 
fT of these processes is expected to 
increase to a region where it will be 
hard to find more applications. Future 
challenges then will be more focused 
on cost and volume. Work on CMOS 
technology in this field will go into 
high gear. With the promise of low 
cost and a high level of RF analog and 
digital-integration capabilities, future 
consumer electronics applications 
in microwave and mmWave will see 
more of this CMOS technology. GaN 
semiconductor technology is also ex-
pected to move into practical use at 
microwave and mmWave frequencies 
with necessary cost reduction. Once it 
reaches high volume production ca-
pability, it has the potential to offer a 
serious challenge to GaAs.

Conventional CMOS may no longer 
be capable of continuing Moore’s law. 
The ever increasing cost of narrowing 
line widths with diminishing returns 
calls for a paradigm shift. A potentially 
optimal solution is III-V compound 
semiconductors fully integrated on a 
silicon platform. Focus is expected to 
shift to this process in order to exploit 
the advantageous electronic, optical 
and power-handling properties of com-
pound semiconductors while continu-
ing to use the scale and cost structure 
of existing silicon semiconductor fabs. 
Recently, GaN on silicon was demon-
strated on an 8" wafer.18

A wide variety of other compound 
semiconductor combinations could 
be realized as part of the full array of 
compound semiconductor on silicon 
technologies. Mixed-technology ICs 
are also expected to meet certain cus-
tom requirements that were not pos-
sible using a single technology. Design 
libraries will need to be developed in 
order to enable widespread adoption 
of these technologies across multiple 
applications. Improvements in 3D 
EM simulation software will continue 
to make the RF designer’s job easier 
with more and more accurate results.

In regards to frequency tuning and 

tool is also available16 online. Jitter is 
represented in different ways including 
radians, degrees, time in seconds as well 
as unit interval.

CONCLUSION
RF and microwave VCOs have 

come a long way in the past few de-
cades. Progress in semiconductor IC 
technology has made these key func-
tions ever so small that they have 
humbly lost their identity and have 
merged into a small corner of large 

with special features. As an example, 
clock sources need to have differential 
outputs, achieved in VCOs by using a 
balun in the output or having a differ-
ential output oscillator. Instead of power 
output and phase noise, clocks are char-
acterized by p-p voltage and jitter. Jitter 
and phase noise both represent phase 
fluctuations and are related through 
simple equations. Jitter is calculated by 
integrating phase noise over a specified 
offset range and converting to appropri-
ate units. A simple interactive graphical 
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rate of innovation, there will be many 
challenging and interesting opportuni-
ties for signal source designers. ■
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signal sources with specific optimiza-
tion of one or more features including 
power, frequency range, phase noise, 
settling time and power consumption 
will continue to count on MIC-based 
VCOs. Among test equipment, more 
automation and use of more modu-
lar instruments in place of benchtop 
equipment is expected.19 High fre-
quency real-time oscilloscopes will 
start playing a bigger role in character-
izing VCOs up to mmWave frequen-
cies. In spite of the slowdown in the 

resonator elements new technologies 
including MEMS and substrate in-
tegrated waveguide are expected be 
used in addition to the standard varac-
tor diode variations. On chip, narrow-
band but higher Q resonator switching 
may be used to achieve wider band low 
phase noise VCOs.

VCOs on MICs will continue to play 
a vital role in custom, lower volume re-
quirements for defense, instrumenta-
tion and higher end communication 
systems. The speed and cost to develop 

_5M27 FINAL.indd   42 4/29/15   2:59 PM

http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=42&exitLink=http%3A%2F%2Fbit.ly%2Fvcovswr
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=42&exitLink=http%3A%2F%2Fwww.iqep.com%2Fnews-2014%2FMar_31_14.asp
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=42&exitLink=http%3A%2F%2Fwww.ni.com%2Fwhite-paper%2F4426%2Fen
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=42&exitLink=http%3A%2F%2Fwww.st.com%2Fstw81200ad
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=42&exitLink=http%3A%2F%2Fbit.ly%2Fpn2jitter
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=42&exitLink=http%3A%2F%2Fbit.ly%2Fpn2jitter
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=42&exitLink=http%3A%2F%2Fwww.st.com%2Fweb%2Fen%2Fcatalog%2Fsense_power%2FFM1968%2FCL1977%2FSC987%2FPF252972%3Fsc%3Dstw81200ad


533 rev A

Mini-Circuits®

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

$4995*
ea. (min. Qty. 10)

3 MHz to 7GHz

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

CUSTOM VCOs
You Define It. We'll Design It.

Starting at

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

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

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

533 rev orgVCO.indd   1 11/26/14   10:28 AMMWJMC_533REVA_1214.indd   43 4/29/15   11:17 AM

http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=43&exitLink=http%3A%2F%2Fwww.minicircuits.com
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=43&exitLink=mailto%3Asales%40minicircuits.com
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=43&exitLink=http%3A%2F%2Fminicircuits.com
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=43&exitLink=http%3A%2F%2Fwww.minicircuits.com%2FspecCheckList%2Fvco.html


MWJRFHIC0415.indd   44 4/29/15   11:17 AM

http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=44&exitLink=http%3A%2F%2Fwww.rfhic.com
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=44&exitLink=mailto%3Arfsales%40rfhic.com
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=44&exitLink=mailto%3Arfsales%40rfhicusa.com


MWJRFHIC0415.indd   45 4/29/15   11:17 AM

http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=45&exitLink=mailto%3Arfsales%40rfhic.com


MostValuableProduct

As the demand for more bandwidth 
continues, modulation schemes with 
higher data rates and wider band-

widths have become prevalent. The test equip-
ment industry has responded with vector signal 
generators (VSG) featuring higher bandwidth, 
bigger pattern buffers and more features – along 
with higher sticker prices.

Signal Hound takes a different approach. 
While others strive for unprecedented per-
formance at any cost, the $495 Signal Hound 
VSG25A vector signal generator delivers good 
performance at unprecedented value. Fea-
turing a frequency range of 100 MHz to 2.5 
GHz, output amplitude from -40 to +10 dBm 
and 100 MHz of modulation bandwidth, the 
VSG25A covers most telecom frequencies as 
well as two major ISM bands (902 to 928 MHz 
and 2.4 to 2.5 GHz). The low end goes down 
to 80 MHz with reduced amplitude accuracy, 
covering the FM broadcast bands. The VSG25A 
is USB powered, weighs 130 grams and easily 
fi ts in a shirt pocket.

FEATURES
The VSG software comes with the expected 

features and is included in the purchase price. 
The application programming interface (API) 
has the exact same functionality as the user in-
terface software, giving the programmer com-
plete access to AM/FM, pulse, multi-tone, ASK, 
FSK, PSK, QAM and arbitrary waveform func-
tions. A user-friendly API (see Figure 1) makes 
test automation a straightforward process.
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Low Cost Vector 
Signal Generator 
Features 100 MHz 
Bandwidth
Signal Hound
La Center, Wash.

V Fig. 1  VSG25A user interface.
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MostValuableProduct

The phase relationship between tones can be random, for 
NPR testing, or parabolic, for generating minimum peak-to-
average power ratio signals. The user interface has an ef-
ficient workflow and can load random phase tone sets as 
often as every second, to average measurements and reduce 
uncertainty. When combined with a Signal Hound BB60C 
spectrum analyzer, 40 dB of effective NPR dynamic range 
is achieved. To increase the dynamic range to 55 dB, a spec-
trum analyzer similar to the Keysight PSA series can be used. 
Synthetic NPR testing is a powerful and flexible approach to 
multi-carrier intermodulation tests that formerly cost tens 
of thousands of dollars to set up. Now thorough and ef-
ficient NPR testing can be accomplished with the VSG25A 
and a spectrum analyzer.

The VSG25A can create a modulation signal with a cus-
tom or arbitrary waveform. I/Q waveforms can be built us-
ing third-party software packages, such as Matlab by Math-
Works®, and pasted into a CSV file. The CSV input file, 
which can be modified with any spreadsheet software, con-
trols the center frequency, amplitude, baseband clock rate, 
number of samples and signal period, followed by the actual 
samples. A chirp radar signal file is provided as an example.

Using the VSG25A as a sweeper is somewhat limited. It 
can sweep in the faster ramp sweep mode or more slowly 
using the step sweep mode. Ramp sweep time is limited to 
� 10 ms for a 1 MHz span and � 1 ms for a 10 MHz span. 
This is not the best product if the primary use is to be a 
synthesized sweeper.

The digitally generated AM and FM waveforms are quite 
accurate. Total harmonic distortion for sine wave modulated 
FM is typically below 0.02 percent. Pulse modulation fea-
tures typical rise and fall times of 3.5 and 2.5 ns, respectively 
(measured at 2450 MHz). Pulse widths can range from 6 ns 
to 25 ms. Pulse width resolution is typically better than 0.1 
percent, even at 6 ns — the VSG25A can produce a 6.01 ns 
pulse as easily as 6.00 ns. The on/off ratio is typically greater 
than 50 dB, which is adequate for many applications. Duty 
cycle may be as low as 0.00025 percent (pulse period � 1.0 
s) or as high as 99.9 percent (off time > 6 ns). This is gener-
ally sufficient for a broad range of tests.

Digital modulation is built-in. Although specific protocols 
are not supported, the modulation behind those proto-
cols is, including ASK, FSK, GFSK, OOK, MSK, GMSK, BPSK,  
DBPSK, QPSK, DQPSK, OQPSK, �/4 DQPSK, 8-PSK,  
D8PSK, 16-PSK, 16-QAM, 64-QAM and 256-QAM. Symbol 
rates from 4 kHz to 45 MHz are supported. Raised cosine 
and root-raised cosine filtering are included, with select-
able filter roll-off. Typical error vector magnitude (EVM) for 
a �/4 DQPSK signal is below 1 percent RMS (see Figure 
2). Supported patterns are elementary sequences (01, 0011, 
00001111), PN7 and PN9. 

The Signal Hound VSG25A’s multi-tone generator pres-
ents interesting opportunities for intermodulation testing, 
including noise power ratio (NPR). NPR testing gained a lot 
of attention in recent years for its ability to better emu-
late multi-carrier systems than two-tone IP3 (third order 
intercept point). Traditional NPR testing with additive white 
Gaussian noise (AWGN) is a fairly old method for testing in-
termodulation distortion. It uses a noise source with a band 
reject filter to notch out the middle of the signal. Modern 
NPR testing uses a synthetic noise technique by generat-
ing sets of over 1000 tones, having random phase relation-
ships to each other, combined with the absence of tones in 
the center of the test pattern. This requires a modern high-
bandwidth vector signal generator. A PC driving the Signal 
Hound VSG25A can accomplish this easily. 

Generating 1001 tones with equal spacing and a select-
able notch is as simple as entering the total tones, tone spac-
ing and number of notched out tones (see Figure 3). The 
local oscillator feedthrough can even be tuned out manually. 

MostValuableProduct
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V Fig. 2  Measured EVM of a 1 GHz �/4 DQPSK signal is 0.61% 
RMS (average).

V Fig. 4  Spurious from DAC aliasing (PN7 shown).
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V Fig. 3  Multi-tone NPR signal generated by the VSG.
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POWER AMPLIFIER PRODUCTS
M I L I T A R Y  E W  |  J A M M I N G  |  R A D A R  |  S AT C O M  |  D AT A L I N K  A P P L I C AT I O N S
GaN Technology • High Efficiency • Power up to 6,000 Watts • Small Profile • Gain & Phase Matching • CW & Pulse Designs

F E AT U R E D  M I L I TA R Y  P O W E R  A M P L I F I E R S
MODEL NUMBER Freq (GHz) Freq (GHz) Gain (dB) Pout (Watts) PAE (%) Operation Voltage (V) Size (inches)

S
A
T

C
O

M

DM-HPL-35-101 1.625 1.85 20 40 40% CW 28 4.0 x 4.00 x 1.00

DM-HPS-35-101 2.2 2.5 20 40 35% CW 28 4.0 x 4.00 x 1.00

DM-HPC-60-101 5.5 8.5 50 50 25% CW 28 2.5 x 2.75 x 0.45

DM-HPX-100-105 9.75 10.25 50 100 30% CW 28 7.4 x 4.30 x 1.65

DM-HPKU-40-105 13.75 14.5 45 50 20% CW 24 4.5 x 4.00 x 0.78

DM-HPKU-40-101 14.4 15.5 45 30 15% CW 28 2.5 x 2.75 x 0.45

DM-HPKA-10-102 29 31 50 12 15% CW 20 3.1 x 3.00 x 0.78

DM-HPKA-20-102 29 31 50 20 15% CW 20 3.5 x 4.50 x 0.78

R
A

D
A

R

DM-HPL-1K-101 1.2 1.4 50 1000 40% 100 µs, 10% d.c. 50 6.0 x 6.00 x 1.50

DM-HPS-1K-102 2.9 3.1 45 1300 35% 100 µs, 10% d.c. 32 14.0 x 8.00 x 1.75

DM-HPS-1K-103 2.9 3.3 45 1500 35% 100 µs, 10% d.c. 50 9.5 x 9.50 x 1.50

DM-HPS-1K-104 3.1 3.5 45 1300 35% 100 µs, 10% d.c. 50 9.5 x 9.50 x 1.50

DM-HPC-50-105 5.2 5.8 50 50 35% 100 µs, 10% d.c. 32 3.0 x 3.00 x 0.60

DM-HPC-200-101 5.2 5.9 50 200 40% 100 µs, 10% d.c. 50 4.5 x 4.50 x 0.78

DM-HPX-140-101 7.8 9.6 50 140 40% 100 µs, 10% d.c. 40 3.6 x 3.40 x 0.67

DM-HPX-400-102 8.8 9.8 50 450 35% 100 µs, 10% d.c. 50 7.0 x 4.50 x 1.65

DM-HPX-800-102 8.8 9.8 50 900 35% 100 µs, 10% d.c. 50 9.0 x 6.00 x 1.65

DM-HPX-250-101 9.4 10.1 50 250 40% 100 µs, 10% d.c. 50 3.6 x 3.40 x 0.67

DM-HPX-800-101 9.4 10.1 50 900 35% 100 µs, 10% d.c. 50 9.0 x 6.00 x 1.65

DM-HPX-20-101 9.9 10.7 46 20 30% 100 µs, 10% d.c. 32 3.6 x 3.40 x 0.67

DM-HPX-50-101 9.9 10.7 50 50 30% 100 µs, 10% d.c. 40 3.6 x 3.40 x 0.67

E
L
E

C
T

R
O

N
IC

 W
A

R
FA

R
E

DM-HPMB-10-103 0.1 6 55 10 20% CW 28 2.5 x 2.75 x 0.45

DM-HPLS-50-101 1 3 50 50 30% CW 45 4.3 x 3.50 x 0.45

DM-HPLS-160-101 1 3 16 160 25% CW 45 6.3 x 6.00 x 0.78

DM-HPSC-50-101 2 6 50 50 30% CW 28 2.5 x 2.75 x 0.45

DM-HPSC-80-101 2 6 50 80 25% CW 28 4.5 x 4.00 x 0.78

DM-HPSC-150-101 2 6 60 150 25% CW 28 6.5 x 6.50 x 0.78

DM-HPMB-10-101 2 18 45 10 15% CW 32 2.5 x 2.75 x 0.45

DM-HPMB-40-101 6 18 50 30 15% CW 28 2.5 x 2.75 x 0.45

DM-HPX-25-101 8 11 45 25 30% CW 28 2.5 x 2.75 x 0.45

DM-HPX-50-102 8 11 50 50 30% CW 28 2.5 x 2.75 x 0.45

STANDARD FEATURES:
Blanking/Muting • Over-temp Protection • Current Sensor

OPT IONAL FEATURES:
TIA-422 / TIA 485 Interface • Power Monitoring • Gain Control

BROWSE OUR WEBSITE FOR F ILTERS & INTEGRATED MICROWAVE ASSEMBLIES
NASA and IPC certified • Hybrid chip and wire assembly • Extensive in-house environmental testing capabilities 

AS9100C / ISO9001

NASA and IPC certified • Hybrid chip and wire assembly • Extensive in-house environmental testing capabilities 

www.del tamicrowave.com   |    sa les@deltamicrowave.com   |    (805)  751-1142

40 YEARS  
MILITARY & SPACE

2-6 GHz  50W CW

S-Band  1 .3kW X-BAND 900W
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TRADEOFFS TO ACHIEVE LOW COST
To achieve this price point, design 

tradeoffs were required: reduced fil-
tering, a mechanically-adjusted time 
base and limited pattern memory. 
The baseband uses a 12-bit digital-to-
analog converter (DAC) with excel-
lent linearity and a flexible clock rate 
of < 60 kHz to 180 MHz; however, it 
has no reconstruction filter to reduce 
DAC aliasing, which results in distinct 
out-of-band spurious in most modu-
lation modes (see Figure 4). A single 
2.5 GHz lowpass filter provides har-
monic rejection, so a 1.9 to 2.5 GHz 
output will have low harmonics; how-
ever, an 800 MHz output will have a 
strong third harmonic, requiring an 
external filter for some applications. 
The voltage-controlled crystal oscil-
lator (VCXO) can be mechanically 
adjusted to ±1 ppm after initial warm-
up, but it will drift about -0.2 ppm/°C 
as the internal temperature changes. 
Finally, the pattern memory is limited 
to 4096 instantaneous frequencies, or 
2048 I/Q pairs, and the pattern period 
(except for short pulses) is limited to 
64K samples. This also imposes some 
limitations. For example, repeating 
pseudo-random binary sequences 
(PRBS) for digital modulation are lim-
ited to 9 bits (PN9).

As a low cost vector signal genera-
tor, the VSG25A offers a lot of band-
width for a very low price. With its 
limited filtering and small pattern buffer, 
the VSG25A is not for everyone. Yet, at 
$495, this little gem is likely to become 
disruptive to the VSG market, putting 
100 MHz of arbitrary waveform gen-
eration into almost any engineer’s or 
technician’s hands without any delays 
from forecasting capital expenditures. 
The VSG25A comes with a two-year 
warranty and a 30-day money back 
guarantee. Deliveries are off-the-shelf, 
so orders normally ship within one 
business day.

Signal Hound
La Center, Wash.
www.signalhound.com

Most Valuable Product
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Two Established Pioneers. One New Industry Leader.
Introducing L-3 Narda-MITEQ, your single source for the most robust, highest-quality RF and microwave products on 

the market. Backed by 60 years of experience in pioneering the industry, we’re committed to continuing our record of 

innovation and delivering the solutions our customers need. Narda and MITEQ – a powerful combination.
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John Mruz, Sr., Retired Microwave Engineer
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Pushing STEM Onto 
Our Youth

incorporated various forms of infinite 
baffles, and there were even the ra-
dio astronomy guys who had the most 
elaborate antenna arrays and some 
pretty nifty reflector telescopes right 
in their backyards. Everybody had at 
least one room in their house dedicat-
ed to some technical hobby and maybe 
even a complete metal or woodwork-
ing shop in their garage. At least once 
a month, just about everyone would 
participate in a Friday night “bunny 
hunt” (for a hidden transmitter) and 
then meet at some pre-arranged din-
er. We would tell that evening’s war 
stories associated with that hunt and 
show off our newest direction finder 
(DF) construction project. Back in 
the ‘60s, technology was more than a 
hobby. It was a way of life – it was a 
miracle that marriages survived – and 
it was a joy to go to work.

As a comparison, let’s take today . . . 
PLEASE take today. We old guys cer-
tainly don’t want it. What happened 
to the enthusiasm, what happened to 
the excitement and what happened 
to the joy? Want proof? Look at all 
of the responses that Gary Lerude 
(Microwave Journal technical editor) 

For as far back as I can remem-
ber, I have always built one 
gizmo or another, usually from 

parts I collected from old television 
sets, radios or with parts that I bought 
with the money I used to earn on my 
newspaper route. Back then, in the 
late ‘50s, I had an amateur radio op-
erator uncle who worked as a techni-
cian for AIL. Through his tutorship, 
I built my own ham band transceiver 
and earned my FCC license. I later 
attended RCA Institutes and got my 
first job at Technical Research Group 
(TRG). We built low noise paramet-
ric amplifiers for use in the ground 
stations that received signals from 
the very early orbiting satellites and 
a little later in the first geostationary 
satellites. I finally earned my BSEE 
degree with my tuition fully paid by 
TRG (with no groveling required). 
Yes, those were the days.

Back then, most technical co-work-
ers had related hobbies outside of 
work. There were the ham operators 
that later included the Oscar satellite 
enthusiasts and the microwave moon 
bounce people. There were the audio 
buffs with their airtight speakers that 

received from his inquiry about the 
positive influence today’s engineer is 
contributing to our science, technol-
ogy, engineering and mathematics 
(STEM) initiative. In the first two 
days, he received just mine! Where is 
everybody? Personally, I’m depressed 
because I still remember the good old 
times. For the sake of the technical 
standing of our country, we have to 
get those good times back. We sure 
don’t want other countries to have all 
the future fun by becoming tomor-
row’s technology leaders, do we?

It is time to get serious and make 
some changes. How, you ask? Two 
major areas that should be kept in 
mind when guiding our youth towards 
a STEM career are today’s political 
environment and industry’s shortcom-
ings in keeping the technical work-
force motivated and stable. I have 
known many excellent engineers who 
have left the laboratory environment 
for less technical, yet seemingly more 
attractive and lucrative positions.

I see the current increase in STEM 
activity motivated by the U.S. govern-
ment’s fear that we are beginning to 
technologically lag behind other na-
tions. A similar initiative also existed 
in the mid ‘50s through the early ‘70s. 
Unfortunately, unlike this earlier pe-
riod where much of the research and 
development was government pro-
grams, there is very little government 
funding currently available. We are 
presently preoccupied with keeping 
up with our debt payments. Business-
es in the private sector have been pay-
ing lip service to government R&D 
requests, while they have actually 
been placing most of their resources 
into increasing their profits to keep 
their stockholders happy. Very little 
scientific discovery is taking place. 
Instead, most of today’s engineers are 
working to achieve small incremental 
improvements in existing technology. 
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STEAM (STEM + Art) initiatives. We 
have to be very careful about “sell-
ing” a career path like engineering 
to our impressionable youth, most of 
whom do not yet realize how that ca-
reer decision will inevitably affect not 
only their future lifestyle but also the 
future lifestyles of their dependents. 
Honesty dictates that we must share 
the negatives as well as the positives. 
Otherwise, what could occur is what 
happened to one of my personal “ca-
reer targets” who received an under-
graduate degree in engineering from 
MIT and a master’s in engineering 
from RPI. After a three year stint 
as a hands-on “lab rat” with a large, 
reputable company (with its internal 
politics and meager salary increases), 
he went back to Harvard, earned his 
MBA and is now a marketing VP in 
New York City. He recently shared 
with me that he still has to put up 
with company politics, yet at a salary 
quite a bit greater than twice that of 
a typical senior engineer. He told me 
another major motivator in this career 
change was the piecewise introduc-
tion of his four children and his abil-
ity now to send them to good schools 
like the ones he attended. Another of 
my historical “career targets” left en-
gineering after a few years, attended 
Wharton and is now a business man-
ager in another industry, for the same 
reasons given by my first target.

How about a third and fourth ex-
ample: I am retired today but not be-
cause I was able to save all kinds of ex-
cess from my typical engineer’s salary. 
Rather, I linked with a very smart fi-
nancial advisor who, by the way, grad-
uated from Cornell with an engineer-
ing degree and quickly learned that he 
needed a more lucrative means to at-
tain the lifestyle he wanted for himself 
and his growing family. Incidentally, 
he initially targeted engineering be-
cause his father was a hands-on engi-
neer for Hewlett Packard. As you may 
have guessed by now, his father soon 
left the lab and became a manufactur-
er’s representative. My very own first 
mentor will be the final example that I 
will share. He was one of the sharpest 
technical people I have ever known. 
He soon left engineering  – I hope not 
because of his exposure to me – and 
became head of the company’s human 
resources (HR) department. Today he 
is practicing law. While I have numer-

ture health is a function of the coun-
try’s engineering environment. They 
appear to continually claim that there 
is an ongoing shortage of engineers. If 
this were really true, then supply and 
demand would dictate that engineers 
would have the highest salaries in any 
organization. This is certainly not the 
case. I will have more on this later.

With all this said, I have concerns 
about those in our industry who are 
so strongly pushing the STEM and 

Such work is neither very exciting nor 
mentally challenging. The business 
environment is also quite competi-
tive, which limits profits and salaries; 
it certainly is not going to attract our 
sharpest minds. It is unfortunate that 
today’s environment is considerably 
less R&D-oriented than it was back in 
the ‘50s through ‘70s.

One additional thought: the IEEE 
will, of course, fully support the cur-
rent STEM initiative because its fu-
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www.isola-group.com/RF

RF/Microwave Materials & 
Resources

 ► IS680 materials offer a complete laminate materials solution for 
single- and double-sided printed circuit designs and are a cost-
effective alternative to PTFE and other commercial microwave 
materials. Dk available from 2.80 to 3.45.

 ► I-Tera® MT RF materials are available in 0.010”, 0.020” and 
0.030” in 3.38, 3.45 and 3.56 Dk.

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

RF/MICROWAVE MATERIALS
IS680 I-Tera® MT RF I-Tera® MT TerraGreen® Astra® MT

Tg 200°C 200°C 200°C 200°C 200°C
Td 360°C 360°C 360°C 390°C 360°C
Dk @ 10 GHz 2.80 - 3.45 3.38, 3.45 & 3.56 3.45* 3.45* 3.00

Df @ 10 GHz 0.0028 - 0.0036 0.0028, 0.0031 & 
0.0034 0.0031* 0.0030* 0.0017

CTE Z-axis (50 to 260°C) 2.90% 2.80% 2.80% 2.90% 2.90%
T-260 & T-288 >60 >60 >60 >60 >60
Halogen free No No No Yes No
VLP-2 (2 micron Rz copper) Available Available Available Standard Standard
Stable Dk & Df over the 
temperature range -55°C to +125°C -55°C to +125°C -55°C to +125°C -55°C to +125°C -40°C to +140°C

Optimized global constructions for 
Pb-free assembly Yes Yes Yes Yes Yes

Compatible with other Isola 
products for hybrid designs

For use in double-
sided applications Yes Yes Yes Yes

Low PIM < -155 dBc Yes Yes Yes Yes Yes
* Dk & Df are dependent on resin content NOTE: Dk/Df is at one resin %. Please refer to the Isola website for a complete list of Dk/Df values. The data, while believed to be accurate & based on analytical methods considered to be reliable, is for 
information purposes only. Any sales of these products will be governed by the terms & conditions of the agreement under which they are sold.

 ► TerraGreen® halogen-free, very low-loss, thermoset materials 
are available in a variety of laminate and prepreg offerings. This 
material is inexpensive to process – improving your company’s 
bottom line, as well as the environment. 

 ► The revolutionary Astra® MT ultra low-loss thermoset laminates 
are a replacement for PTFE. Astra MT is available in core and 
prepreg for double sided, multilayer and hybrid designs using 
isola 185HR, 370HR or IS415. Astra MT has been used in designs 
up to 77 GHz. 

RF Conversion Service
 ► Isola’s Design Review Service can facilitate your conversion to 
Isola’s RF/microwave products and get you to market faster with 
the newest, ultra-low-loss materials. 

 ► As part of this new service, Isola’s technical staff will provide 
turn-key calculations, testing, characterizations and material 
recommendations to assist PCB fabricators and OEMs in 
converting to Isola’s RF-materials, which will help overcome 
the current material shortages of other vendors and accelerate 
time-to-market. The design review service also addresses the 
perceived conversion issues when migrating from a currently 
used material to an Isola material.

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

FREE! Impedance and Power-Handling Calculator
 ► Isola’s free Impedance and Power-Handling Calculator 
predicts the design attributes for microstrips and striplines 
based on the design’s target impedance and dielectric properties 
of the company’s RF, microwave and millimeter-wave laminate 
materials. 

 ► This software tool provides a design or an equivalent dielectric 
constant to facilitate modeling for PCB designers to predict 
impedance and other design attributes. The software computes 
changes in the effective dielectric constant due to dispersion 
at higher frequencies. The software then computes the total 
insertion loss—a measure of power lost through heat for power 
handling calculations, including the dielectric loss, conductor 
loss, and the loss due to the surface roughness. The main factors 
affecting the typical power-handling capability of a material are 
its thermal conductivity, the maximum operating temperature, 
and the total insertion loss. 

https://isodesign.isola-group.com/phi-calculator

Isola, I-Tera, TerraGreen, Astra and IsoDesign and the Isola logo are registered trademarks of ISOLA USA Corp. in the U.S.A. and other countries. All other trademarks 
mentioned herein are property of their respective companies. Copyright © 2015 Isola Group. All rights reserved. 

RF Microwave and Rsources ad for the Microwave Journal.indd   1 4/17/2015   1:40:29 PMMWJIOSOLA0515.indd   55 4/29/15   11:19 AM

http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=55&exitLink=http%3A%2F%2Fwww.isola-group.com%2FRF
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=55&exitLink=http%3A%2F%2Fwww.isola-group.com%2Fconversion-service
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=55&exitLink=https%3A%2F%2Fisodesign.isola-group.com%2Fphi-calculator
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=55&exitLink=http%3A%2F%2Fwww.isola-group.com%2Fproduct-category%2Fbroadband-telecommunications-rf-microwave%2F%23.VUkhNM29Lv6


MWJPerspective

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

•	 Case	size	0.150”	x	0.125”	x	0.018”
•	 Choice	of	three	temperature	coefficient	of	attenuation	(TCA)	

values:	-0.003,	-0.007,	-0.009
•	 Attenuation	values	from	1-10	dB
•	 Planar	design	with	solderable	or	wire	bondable	terminations
•	 Lower	signal	distortion,	phase	change	and	intermodulation	

compared	with	active	circuit	temperature	compensation

When the mission is critical, choose  
State of the Art.
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ResisTive	PRoduCTs

Made in the USA.
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Variable Attenuators
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alternatives, not attracting entry level 
people into technical jobs that most 
will prematurely leave. This will not 
be an easy task, however, when you 
consider negative issues like competi-
tive outsourcing, where foreign engi-
neers are willing to work for a fraction 
of the U.S. rate.

While on the negatives, we really 
should consider the return-on-invest-
ment (ROI) on the cost of a good col-
lege and historic trends in engineer-
ing salaries and related perks. When I 
initially decided to enter engineering, 
part of the perks offered to both tech-
nicians and engineers by almost all 
companies was a generous tuition re-
imbursement policy. Back then, full-
time college costs were only a small 
fraction of what they are today. There 
was plenty of government-supported 
and commercial work, and competi-
tion among companies was high for 
good technical people. Annual cost-
of-living salary adjustments plus merit 
reviews were given, and substantial 
yearly bonuses were the norm. Un-
fortunately, things are much differ-
ent today. Recently a senior engineer 
from a major microwave company 
told me that his company has not giv-
en out yearly increases in almost fi ve 
years, and health insurance cutbacks 
have necessitated that the employ-
ees now pay a much larger portion of 
those costs. Last week, during dinner 
with the HR VP of another promi-
nent Long Island technical company, 
I was told that yearly cost-of-living 
plus merit raises were under two per-
cent, and there were also cutbacks in 
health insurance coverage. In both of 
these organizations, like many others, 
layoffs are commonplace. It is little 
wonder why many parents of our high 
school students are asking whether or 
not it actually makes fi nancial sense to 
enter the engineering profession.

I rest my case.
So, what are we, as today’s pro-

ponents of engineering, going to do 
about all this?  ■

are left to support and inspire our en-
try level technologists. It makes little 
sense expending tremendous effort 
to attract people into engineering if 
they will not stay with it for the long 
term. It makes the current STEM at-
traction effort nothing more than a 
big wheel-spinning exercise. It is like 
polishing the leaves of a plant when its 
roots are failing. Our immediate focus 
should be to bring today’s engineer-
ing careers in line with the competing 

ous other examples that I can share, 
I think I have more than made my 
point.

In my 47 years working in engi-
neering, I have encountered rela-
tively few people who stayed with the 
pure technology. Most left the bench 
within their fi rst 10 years and either 
entered sales, became hands-off man-
agers or left the industry altogether. In 
light of this, there is little wonder why 
so few seasoned, hands-on mentors 

Editor’s Note: John Mruz, Sr. is a 
retired microwave engineer with six 
grandchildren who are beginning to 
ask him about career options. We 
encourage you to share your experi-
ence and thoughts about engineer-
ing as a career at our website: www.
microwavejournal.com/Stem.
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We’ve transformed VNAs with affordable, lab-grade test systems, 
such as our S5048, that deliver unmatched measurement 
speeds and accuracy from an ultra-compact design. Weighing 
2.9 pounds, the PC-driven S5048 is perfect for production 
environments that seek a wideband solution with a variety of 
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simulation and frequency offset modes.

Specs You’ll Appreciate:
• Frequency Range: 20 kHz – 4.8 GHz
• Dynamic Range: 100 dB, typ. 110 dB (10 Hz IF)
• 0D[LPXP 6ZHHS 6SHHG� ��� wV�SW
• Measurement Points: 200,001  

Get the whole truth about our big breakthroughs in small VNA design  

by visiting www.coppermountaintech.com or calling +1-317-222-5400.

We know the truth Hz.
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Tel (805) 389-3224    Fax (805) 389-3629    sales@ciaowireless.com

OCTAVE BAND LOW NOISE AMPLIFIERS   
Model No.    Freq (GHz)     Gain (dB) MIN Noise Figure    (dB)     Power -out @ P1-dB     3rd Order ICP    VSWR    
   CA01-2110    0.5-1.0     28    1.0 MAX,    0.7 TYP     +10    MIN      +20    dBm     2.0:1 
   CA12-2110    1.0-2.0     30    1.0 MAX,    0.7 TYP     +10    MIN      +20 dBm     2.0:1 
   CA24-2111    2.0-4.0  29    1.1 MAX,    0.95 TYP     +10    MIN      +20 dBm     2.0:1 
   CA48-2111    4.0-8.0  29    1.3 MAX,    1.0 TYP     +10    MIN      +20 dBm     2.0:1 
   CA812-3111    8.0-12.0     27    1.6 MAX,    1.4 TYP     +10    MIN      +20 dBm     2.0:1 
   CA1218-4111    12.0-18.0     25 1.9 MAX,    1.7 TYP     +10    MIN      +20 dBm     2.0:1
CA1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10    MIN  +20 dBm  2.0:1 
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA01-2111 0.4 - 0.5 28 0.6 MAX, 0.4 TYP +10    MIN  +20 dBm  2.0:1 
CA01-2113 0.8 - 1.0 28 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA12-3117 1.2 - 1.6 25 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA23-3111 2.2 - 2.4 30 0.6 MAX, 0.45 TYP +10    MIN +20 dBm  2.0:1 
CA23-3116 2.7 - 2.9 29 0.7 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA34-2110 3.7 - 4.2 28 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA56-3110 5.4 - 5.9 40 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA78-4110 7.25 - 7.75 32 1.2 MAX, 1.0 TYP +10    MIN +20 dBm  2.0:1 
CA910-3110 9.0 - 10.6 25 1.4 MAX, 1.2 TYP +10    MIN +20 dBm  2.0:1 
CA1315-3110 13.75 - 15.4 25 1.6 MAX, 1.4 TYP +10    MIN +20 dBm 2.0:1 
CA12-3114 1.35 - 1.85  30 4.0 MAX, 3.0 TYP +33    MIN +41 dBm 2.0:1
CA34-6116 3.1 - 3.5  40 4.5 MAX, 3.5 TYP +35    MIN +43 dBm 2.0:1 
CA56-5114 5.9 - 6.4 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA812-6115 8.0 - 12.0 30 4.5 MAX, 3.5 TYP +30    MIN +40 dBm 2.0:1 
CA812-6116 8.0 - 12.0 30 5.0 MAX, 4.0 TYP +33    MIN +41 dBm 2.0:1 
CA1213-7110 12.2 - 13.25 28 6.0 MAX, 5.5 TYP +33    MIN +42 dBm 2.0:1 
CA1415-7110 14.0 - 15.0 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA1722-4110 17.0 - 22.0  25 3.5 MAX, 2.8 TYP +21    MIN +31 dBm 2.0:1 
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure    (dB)    Power -out @ P1-dB 3rd Order ICP  VSWR
CA0102-3111 0.1-2.0  28 1.6 Max, 1.2 TYP +10 MIN  +20 dBm 2.0:1 
CA0106-3111 0.1-6.0  28 1.9 Max, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-3110 0.1-8.0  26 2.2 Max, 1.8 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-4112 0.1-8.0  32 3.0 MAX, 1.8 TYP +22    MIN  +32 dBm 2.0:1 
CA02-3112 0.5-2.0  36 4.5 MAX, 2.5 TYP +30    MIN  +40 dBm 2.0:1 
CA26-3110 2.0-6.0  26 2.0 MAX, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA26-4114 2.0-6.0  22 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA618-4112 6.0-18.0  25 5.0 MAX, 3.5 TYP +23    MIN  +33 dBm 2.0:1 
CA618-6114 6.0-18.0  35 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA218-4116 2.0-18.0  30 3.5 MAX, 2.8 TYP +10    MIN  +20 dBm 2.0:1 
CA218-4110 2.0-18.0  30 5.0 MAX, 3.5 TYP +20    MIN  +30 dBm  2.0:1 
CA218-4112 2.0-18.0  29 5.0 MAX, 3.5 TYP +24    MIN  +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq (GHz)  Input Dynamic Range Output Power Range Psat Power Flatness dB VSWR
CLA24-4001 2.0 - 4.0 -28 to +10 dBm +7 to +11 dBm +/- 1.5 MAX 2.0:1 
CLA26-8001 2.0 - 6.0  -50 to +20 dBm +14 to +18 dBm +/- 1.5 MAX 2.0:1 
CLA712-5001 7.0 - 12.4 -21 to +10 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1 
CLA618-1201 6.0 - 18.0 -50 to +20 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq (GHz) Gain (dB) MIN  Noise Figure    (dB) Power -out @ P1-dB Gain Attenuation Range VSWR
CA001-2511A 0.025-0.150 21 5.0 MAX, 3.5 TYP +12    MIN  30 dB MIN  2.0:1
CA05-3110A 0.5-5.5  23 2.5 MAX, 1.5 TYP +18    MIN 20 dB MIN  2.0:1
CA56-3110A 5.85-6.425  28 2.5 MAX, 1.5 TYP +16    MIN 22 dB MIN  1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5 TYP +12    MIN 15 dB MIN  1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6  TYP +16    MIN 20 dB MIN  1.8:1
CA1518-4110A 15.0-18.0  30  3.0 MAX, 2.0 TYP +18    MIN 20 dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure dB Power -out @ P1-dB 3rd Order ICP  VSWR
CA001-2110 0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN  +20 dBm 2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN  +23 dBm 2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN  +33 dBm 2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN  +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN  +30 dBm 2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN  +35 dBm 2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN  +25 dBm 2.0:1

CIAO Wireless can easily modify any of its standard models to meet your "exact" requirements at the Catalog Pricing.

Visit our web site at www.ciaowireless.com for our complete product offering.
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sive datasets, with powerful big-data tools. The agency 
is also developing technologies to ensure that the data 
and systems with which critical decisions are made are 
trustworthy, such as automated cyber defense capabili-
ties and methods to create fundamentally more secure 
systems. DARPA is also addressing the growing need to 
ensure privacy at various levels of need without losing 
the national security value that comes from appropriate 
access to networked data. 

•  Harness Biology as Technology: To leverage recent 
breakthroughs in neuroscience, immunology, genetics 
and related fi elds, DARPA in 2014 created its Biologi-
cal Technologies offi ce, which has enabled a new level 
of momentum for the agency’s portfolio of innovative, 
bio-based programs. DARPA’s work in this area includes 
programs to accelerate progress in synthetic biology, 
outpace the spread of infectious diseases and master 
new neurotechnologies. 

•  Expand the Technological Frontier: DARPA’s core work 
has always involved overcoming seemingly insurmount-
able physics and engineering barriers and, once show-
ing those daunting problems to be tractable after all, 
applying new capabilities made possible by these break-
throughs directly to national security needs. Maintain-
ing momentum in this essential specialty, DARPA is 
working to achieve new capabilities by applying deep 
mathematics; inventing new chemistries, processes and 
materials; and harnessing quantum physics.
“Breakthrough Technologies for National Security” in-

cludes two sections highlighting examples of DARPA tech-
nologies that have transitioned to the military or other or-
ganizations in support of national interests. One section fo-
cuses on technology transitions from recent programs to the 
Services. A second section, entitled “Success Stories,” looks 
at the long-term impacts of certain DARPA programs over a 
period of decades—a reminder that the benefi ts of DARPA 
research often extend for many years after initial applica-
tions get operationalized, sometimes in unexpected ways.

GD to Update MUOS Waveform for
U.S. Army AN/PRC-155 
MUOS-Manpack Radios

General Dynamics received a contract from the U.S. 
Army to support upgrades to the Mobile User Objec-
tive System (MUOS) waveform used in the Army’s 

AN/PRC-155 two-channel MUOS-Manpack radios. The 
waveform is the digital ‘dial-tone’ needed to connect with 
the U.S. Navy’s new MUOS satellite communications net-
work that will provide U.S. military and government per-
sonnel smartphone-like voice clarity and data connectivity. 
The total potential value of the contract is approximately 
$13 million and includes waveform integration into the 
PRC-155 radios, radio/waveform testing, fi eld support and 
soldier training.
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DARPA Shares Its Vision for the Future

DARPA recently released “Breakthrough Technologies 
for National Security,” a biennial report summarizing 
the agency’s historical mission, current and evolving 

focus areas and recent transitions of DARPA-developed 
technologies to the military services and other sectors. The 
report’s release coincided with testimony by DARPA direc-
tor Arati Prabhakar before the Emerging Threats and Capa-
bilities Subcommittee of the House Armed Services Com-
mittee, at a hearing entitled “Department of Defense Fiscal 
Year 2016 Science and Technology Programs: Laying the 
Groundwork to Maintain Technological Superiority.” 

“Breakthrough Technologies for National Security” af-
fi rms that America is in a strong strategic position today, 
in large part because of its longstanding technological 
dominance. But it also notes that a number of challenges 
threaten that status, including the global spread of ever 
more powerful and less expensive technologies and the 
emergence of disruptive non-nation-state actors in addi-
tion to ongoing threats from peer adversaries. 

“DARPA’s mission and philosophy have held steady for 
decades, but the world around DARPA has changed dra-
matically,” the report says. “Those changes include some re-
markable and even astonishing scientifi c and technological 
advances that, if wisely and purposefully harnessed, have the 

potential not only to en-
sure ongoing U.S. military 
superiority and security 
but also catalyze societal 
and economic advances. At 
the same time, the world is 
experiencing some deeply 
disturbing technical, eco-
nomic and geopolitical 
shifts that pose potential 
threats to U.S. preemi-
nence and stability.”

The report identifi es the phenomenon of increasing 
pace as a central challenge and opportunity—from the 
need for ever-faster radio-frequency and information-pro-
cessing systems that work on the scale of nanoseconds, to 
the need to speed up the development time of major mili-
tary systems, whose timescales today extend to decades.

DARPA is focusing its strategic investments in four 
main areas: 
•  Rethink Complex Military Systems: To help enable faster 

development and integration of breakthrough military 
capabilities in today’s rapidly shifting landscape, DARPA 
is working to make weapons systems more modular and 
easily upgraded and improved; assure superiority in the 
air, maritime, ground, space and cyber domains; improve 
position, navigation and timing (PNT) without depend-
ing on the satellite-based Global Positioning System; and 
augment defenses against terrorism. 

•  Master the Information Explosion: DARPA is devel-
oping novel approaches to deriving insights from mas-

“DARPA’s mission and 
philosophy have held 
steady for decades, 
but the world around 
DARPA has changed 
dramatically…”
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MUOS waveform up-
grades will enhance voice 
clarity and cyber security 
of voice and data com-
munications across the 
MUOS communications 
network. Other waveform 
enhancements include im-
proved connectivity with 
other MUOS-Manpack 
radios, the MUOS ground 
system and satellites. The 
MUOS communications 
network is expected to 
achieve global communi-
cations coverage in 2016.

Raytheon to Demo Technologies That 
Enable Affordable, Rapidly-Developed 
Phased Array Systems

DARPA has awarded Raytheon Co. two contract modifica-
tions totaling a combined $5 million in support of the Ar-
rays at Commercial Timescales (ACT) program. ACT is 

focused on developing technology that enables rapidly upgrad-

able and widely deployable 
radar array architectures. 
The awards are the result 
of a competitive down se-
lect process after which 
DARPA chose Raytheon 
for the next phase of both 
programs.

“Raytheon shares DAR-
PA’s vision of a common 
digital beamforming archi-
tecture platform to enhance 
affordability and upgrad-
ability,” said Paul Ferraro, 
vice president of Advanced 
Technology Programs for 
Raytheon’s Integrated Defense Systems business. 

Raytheon is leveraging its Rapid Array Performance Im-
provement and Deployment (RAPID) concepts in support 
of the ACT program. RAPID aims to dramatically short-
en the timescales and non-recurring cost associated with 
phased array development, deployment and performance 
upgrades. RAPID achieves this by creating a building 
block, composed of a digitally-influenced common module 
and a reconfigurable radiating antenna element that is scal-
able and customizable for each application, without requir-
ing a full redesign for each application space.

MUOS waveform 
upgrades will enhance 
voice clarity and cyber 
security of voice and 
data communications 
across the MUOS 
communications 
network.

This is achieved by 
creating a building 
block composed of 

a digitally-influenced 
common module and a 
reconfigurable radiating 

antenna element 
that is scalable and 

customizable.  
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Ericsson Joins Forces With Scania and KTH 
in Transport Lab 

Ericsson is joining forces with Scania and Kungliga 
Tekniska Högskolan (KTH) – Sweden’s Royal Insti-
tute of Technology – in their Integrated Transport 

Research Lab (ITRL) to explore the transport solutions of 
the future. 

The ITRL Lab is set to run until the end of June 2021 
and the joint initiative, which will explore areas such as au-
tonomous buses and improved systems for traffic manage-
ment, forms part of the 5G for Sweden programme that 
was announced in March. The partnership will feature 
technology experts from Ericsson, leading scientists from 

KTH and industry experts 
from Scania who together 
will jointly develop ideas 
and proposals to harness 
technology to create the 
transport systems of the 
future. 

Sara Mazur, Ericsson’s 
head of research, said, 
“The intention of the re-
search is to validate and 
evolve technologies and 
solutions that can benefit 
transport infrastructure 
in the future. Our expec-

tation is to develop and introduce new products and new 
business models in cooperation with Scania for the trans-
port sector, as well as other new markets. We are very proud 
of our active role in the 5G for Sweden project, which aims 
to use technology to improve Swedish society. The ITRL 
project is very much in line with Ericsson’s vision of the 
Networked Society.”

EU-Funded Researchers Develop First 5G 
Radio Channel Model

The EU-funded Mobile and wireless communications 
Enablers for the 2020 Information Society (METIS) 
project is a strong example of the serious European 

investment being made in 5G. The project, which has re-
ceived €15.9 million in EU funding, used its final meeting 
in Turin, Italy to herald a significant breakthrough – the 
delivery of industry-first 5G radio channel models. These 
models are based on realistic end user scenarios and re-
quirements, and are mapped to a range of options. As 5G 
will support a broad range of applications, different chan-
nel models are likely to be required.

Researchers and developers of new technologies and 
products will benefit from the proposed 5G radio channel 
models in several areas, not least in enabling them to char-
acterise the performance of early 5G designs. For example, 
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the models will enable technologists to run laboratory tests 
to predict how devices will work in real world conditions.

The models will also allow for system performance 
evaluation, system optimisation, radio interface simulation, 
R&D testing and final product approval, ensuring that Eu-
rope will have a major say in what 5G technology will look 
like.

Consortium members have also been careful to ensure 
that the proposed radio 
channel models address a 
very wide frequency spec-
trum, from relatively low 
frequencies in the current 
cellular frequency bands 
to centimetre and milli-
metre wave frequencies. 
Some technology firms 
believe that new channel models will be needed for 5G – 
in 2020 mobile and wireless traffic volume is expected to 
increase a thousand-fold over 2010 figures – while it has 
been acknowledged that limited work has been done on 
understanding how millimetre wave systems will work in 
practice.

These models will help speed up development of the 
next generation of wireless technology, and ensure that 
European business and know-how are very much in the 
driving seat.

G:A *onfirTs � � 3;, Networks 3auncheK

393 operators have commercially launched LTE in 138 
countries, according to the data released by the Global 
mobile Suppliers Association (GSA) in the latest update 

of the Evolution to LTE report. 107 operators commercially 
launched LTE service in the past year. 644 operators are in-
vesting in LTE across 181 countries. This comprises 607 firm 
network deployment commitments in 176 countries (of which 
393 networks have launched), and 39 pre-commitments trials 
in a further five countries.GSA raised its year-end forecast to 
460 commercially launched LTE networks.

LTE-Advanced deployment continues as a major trend 
with 116 operators, i.e., around 3 percent investing in car-
rier aggregation technology. Network capacity, efficiencies 
and peak speeds are rising dramatically. 64 operators, al-
most 1 in 6, have commercially launched LTE-Advanced 
service in 39 countries. 

The most widely used spectrum for LTE network de-
ployments continues to be 1800 MHz (3GPP band 3). 176 
LTE1800 networks, almost 50 percent higher than a year 
ago, are commercially launched in 86 countries. 1800 MHz 
is used today in 45 percent of LTE network deployments 
and continues to dominate the user devices ecosystem. 
Over 43 percent of LTE user terminals can operate in the 
1800 MHz band. The next most popular contiguous band 
for LTE deployments is 2.6 GHz (band 7) and is used in 
almost 25 percent of networks. 

Visit mwjournal.com for more international news

InternationalReport
Richard Mumford, International Editor

...Europe will have a 
major say in what 5G 

technology will look 
like.

“The intention of 
the research is to 
validate and evolve 
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solutions that can 
benefit transport 
infrastructure in the 
future....”
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While most operators deployed LTE networks in paired 
spectrum using the FDD mode, the LTE TDD mode (TD-
LTE) for operators with unpaired spectrum continues to 
develop in all regions, and particularly in China. 54 opera-
tors, more than one in eight of all LTE operators, have 
commercially launched LTE service using the TDD mode 
in 34 countries. Band 40 (2.3 GHz) is the most widely de-
ployed spectrum. 

Thales to Develop France’s CERES Space-
Borne Military Intelligence System

T he French defence procurement agency (DGA) has 
selected Thales and Airbus Defence and Space as co-
prime contractors for the design and construction of 

France’s future military spaced-based signals intelligence 
(SIGINT) system, which is due to enter service by 2020.

Capacité de Renseignement Electromagnétique d’origine 
Spatiale (CERES) will provide the French armed forces with 
an operational space-based SIGINT capability. Three closely 
positioned satellites will de-
tect and locate radiocom-
munications and radars. 
The system also includes a 
ground control segment, to 
be provided by the French 
space agency CNES, and 
the user ground segment. Intelligence is one of four priori-
ties identified by the French defence white paper, and fund-
ing was earmarked for SIGINT, including the CERES pro-
gramme, under the 2014-2019 defence spending plan.

Pierre Eric Pommellet, Thales executive vice president, 
Defence Mission Systems stated, “This satellite system will 
be one of the most sophisticated in the world, giving France 
a capability that few nations possess. To design and build 
CERES, we will be drawing on the experience and expertise 
acquired on the ESSAIM and ELISA demonstrators.”
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“…giving France 
a capability that few 

nations possess...”

LTE User Devices Growth 

Source: Status of the LTE Ecosystem Reports 2011–2015
Global mobile Suppliers Association (GSA)

LTE Terminals Announcements as Confirmed in GSA Reports up to 20 April 2015
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such as enterprise asset management, facilities man-
agement, and software engineering design tools – by 
infusing more real-time data and embedded analytics 
to further automate and optimize mission-critical IoT 
processes.

•  IBM IoT Ecosystem: Expansion of its ecosystem of IoT 
partners – from silicon and device manufacturers to in-
dustry-oriented solution providers – such as AT&T, ARM, 
Semtech and newly announced The Weather Company 
– to ensure the secure and seamless integration of data 
services and solutions on IBM’s open platform.
IBM’s capabilities are illustrated in a recently an-

nounced global strategic alliance with The Weather Com-
pany through WSI, its global B2B division. WSI’s forecast-
ing system ingests and processes data from thousands of 
sources, resulting in approximately 2.2 billion unique fore-
cast points worldwide, and averages more than 10 billion 
forecasts a day on active weather days. The IoT and cloud 
computing allow for collection of data from more than 
100,000 weather sensors and aircraft, millions of smart-
phones, buildings and even moving vehicles. The two com-
panies will help industries utilize their understanding of 
weather on business outcomes and take action systemically 
to optimize those parts of their businesses.

Smartphones Fuel Biometrics in Consumer 
and Enterprise Sectors to $3.1B

ABI Research forecasts $3.1 billion global revenues 
in 2015 for biometrics in the consumer and enter-
prise sectors with much of the growth coming from 

smartphone solutions. Existing smartphone hardware pro-
vides a relatively stable foothold for some authentication 
modalities but rapid advances in the biometrics fi eld will 
drive further smartphone hardware upgrades. Meanwhile, 
pioneering algorithm design and cloud computing services 
are transforming user authentication.

Dimitrios Pavlakis, Digital Security research analyst 
comments, “Biometry is moving rapidly into the security 
ecosystem and its adop-
tion by CE devices will 
jumpstart this phenom-
enon. Specifi cally, smart-
phone biometrics provide 
not only a secure alterna-
tive for authentication, 
mobile payments and 
BYOD initiatives but also 
enhance user experience, 
navigation, mobility, and 
versatility.”

Market Leaders like Apple and Samsung are setting the 
new norm for smartphone authentication and mobile pay-
ments using biometrics. Other companies like AGNITiO, 
EyeVerify, ImageWare Systems, KeyLemon and Nok Nok 
Labs are introducing voice and face biometrics into the 

New IBM IoT Cloud Services to Drive 
Insights into Business Operations 

IBM will invest $3 billion over the next four years to es-
tablish a new Internet of Things (IoT) unit, which in-
cludes creating a cloud-based open platform designed 

to help clients and ecosystem partners build IoT solutions.
IBM’s work in Smarter Planet and Smarter Cities was 

based on practical applications of IoT in the enterprise and 
led to a broad set of solutions, ranging from water man-
agement to optimizing retail and customer loyalty to alle-
viating traffi c congestion. With new industry-specifi c cloud 
data services and developer tools, IBM will build on that 
expertise to help clients and partners integrate data from 
an unprecedented number of IoT and traditional sources. 
These resources will be made available on an open plat-
form to provide manufacturers with the ability to design 
and produce a new generation of connected devices that 
are better optimized for the IoT, and help business leaders 
across industries create systems that better fuse enterprise 
and IoT data to inform decision-making. 

“Our knowledge of the world grows with every connect-
ed sensor and device, but too often we are not acting on it, 
even when we know we can ensure a better result,” said 
Bob Picciano, senior vice president, IBM Analytics. “IBM 

will enable clients and in-
dustry partners apply IoT 
data to build solutions 
based on an open plat-
form. This is a major focus 
of investment for IBM be-
cause it’s a rich and broad-
based opportunity where 
innovation matters.”

IBM estimates that 90 
percent of all data gener-
ated by devices such as 
smartphones, tablets, con-

nected vehicles and appliances is never analyzed or acted 
on. As much as 60 percent of this data begins to lose value 
within milliseconds of being generated. To address this 
challenge, IBM is announcing it will offer:
•  IBM IoT Cloud Open Platform for Industries: This 

platform will provide new analytics services that cli-
ents, partners and IBM will use to design and deliver 
vertical industry IoT solutions. For example, IBM will 
introduce a cloud-based service that helps insurance 
companies extract insight from connected vehicles. This 
will enable new, more dynamic pricing models and the 
delivery of services that can be highly customized to in-
dividual drivers.

•  IBM Bluemix IoT Zone: New IoT services as part of 
IBM’s Bluemix platform-as-a-service will enable de-
velopers to easily integrate IoT data into cloud-based 
development and deployment of IoT apps. Developers 
will be able to enrich existing business applications – 

Visit mwjournal.com for more commercial market news
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landscape and investigating innovative ways of consumer 
identity management and implementing improved security 
features.

Asia-Pacific Drove RAN Market to Double-
Digit Growth in 2014 

A sia-Pacific regional growth in basestations dominated 
in 2014 as it continued to account for the majority 
of worldwide basestation deployments. According to 

ABI Research, Asia-Pacific is now by far the largest market 
for LTE, followed by North America and Western Europe, 
with Asia-Pacific regional installed base growing by dou-
ble-digits in 2014.

LTE macro RAN spending also set records in 2014 as 
LTE expenditures accounted for a majority of RAN spend-
ing. Ericsson maintained its number one market share rank 
for 2014 followed by Huawei, Nokia Networks and Alcatel-
Lucent all with double-digit shares, according to ABI Re-
search estimates.

One of the main mobile network operators behind 
this trend is China Mobile—a major proponent of Time-
Division LTE or TD-LTE, and one of the three nation-
wide carriers in China licensed to deploy 4G networks. 
“After deploying over 700,000 TD-LTE basestations in 
2014, China Mobile now plans a massive expansion of an 

additional 300,000 basestations to reach 1 million by the 
end of 2015,” says Nick Marshall, research director at ABI 
Research. “The company plans peak CAPEX in 2014 and 
2015 to help construct what it claims will be the world’s 
largest 4G network.”
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MERGERS & ACQUISITIONS
Axell Wireless has announced that its integration into 
Cobham will be fully completed by July 2015. This fol-
lows the acquisition of the company by Cobham in May 
2013. Axell Wireless, together with test and measurement 
company Aeroflex - acquired by Cobham in September last 
year - will form a new business unit, Cobham Wireless. 
The Cobham Wireless business unit, which will be led 
by senior vice president Ian Langley, will be a part of 
Cobham’s Communications and Connectivity sector. The 
completion of the Axell integration enables the former 
Axell business to take advantage of the combined capabili-
ties in the Cobham portfolio.

Nokia and Alcatel-Lucent announced their intention to 
combine to create an innovation leader in next generation 
technology and services for an IP connected world. The 
two companies have entered into a memorandum of un-
derstanding under which Nokia will make an offer for all 
of the equity securities issued by Alcatel-Lucent, through a 
public exchange offer in France and in the United States, 
on the basis of 0.55 of a new Nokia share for every Alcatel-
Lucent share.

Microsemi Corp., a provider of semiconductor solutions 
differentiated by power, security, reliability and perfor-
mance, and Vitesse Semiconductor Corp., jointly an-
nounced that Microsemi has entered into a definitive 
agreement to acquire Vitesse for $5.28 per share through 
a cash tender offer, representing a premium of 32 percent 
based on the average closing price of Vitesse’s shares of 
common stock during the 30 trading days ended March 17, 
2015. The board of directors of Vitesse unanimously rec-
ommended that Vitesse’s stockholders tender their shares 
in the tender offer. The total transaction value is approxi-
mately $389 million.

Novatel Wireless Inc., a provider of wireless solutions 
for the Internet of Things (IoT), and Feeney Wireless, a 
privately held, U.S.-based provider of end-to-end IoT solu-
tions and services, announced that Novatel Wireless com-
pleted the acquisition of FW for $25 million in a combina-
tion of cash and stock, with up to an additional $25 million 
in potential earn-out payments over four years based on 
FW’s revenue and gross profit performance. The combined 
companies will leverage synergies in product development, 
engineering services, global channels and complementary 
resources.

COLLABORATIONS
Smart Electronics and Lark Engineering, both part of 
Secure Technology Co., announced they are working to-
gether to be a full service components solution provider 
for the industrial, aerospace and military market segments. 

Lark Engineering has been a leader in providing commer-
cial and military grade RF and microwave filters for over 
25 years, while Smart Electronics excels in using the latest 
technology to provide contract manufacturing solutions for 
electronic circuit boards, sub-assemblies, cable/harnesses 
and modules/box builds. As a value added solutions pro-
vider, Smart Electronics and Lark Engineering will main-
tain a special focus on RFCCA, RF sub-assemblies, special 
test equipment design, manufacture and use, and technical 
competence.

NEW STARTS
Supporting the Microwave Vision Group’s vision to 
bring all products together under one strong brand, Sa-
timo Industries, the manufacturing division of Satimo’s 
multiprobe technology for fast, accurate measurement and 
visualization of electromagnetic fields, will begin to oper-
ate under the new name, MVG Industries, effective im-
mediately. There will be no change to existing operations 
and registration numbers will remain the same. Customers 
and suppliers will each receive a letter advising them of 
the name change and highlighting subtle branding changes 
they will see in all future correspondence.

ACHIEVEMENTS
Reactel Inc. announced it has achieved AS9100 certi-
fication. AS9100 is a quality standard for companies that 
design, develop, or produce aerospace products. Reactel’s 
AS9100 certification is a dual certification, meeting all of 
the requirements of ISO 9001 as well as the additional 
requirements specific to the aerospace industry. Prior to 
receiving AS9100 certification, Reactel had been ISO 9001 
certified since 1996. AS9100 certification provides compa-
nies with a thorough QMS which is focused on areas im-
pacting the aerospace industries concerns about the reli-
ability and safety of products procured. Companies with 
AS9100 certification have a QMS which demands control 
and monitoring from initial design to deliverable product.

Rohde & Schwarz has once again won the highly esteemed 
GTI Innovation Award in 2015. The company has been 
singled out for its continuous effort to support the GTI 
and the entire TD-LTE industry with its broad portfolio of 
testing solutions for TD-LTE. The testing solutions from 
Rohde & Schwarz support all parts of the value chain, from 
chipsets and components, smartphones and other mobile 
devices to infrastructures and base stations, providing the 
best performance possible.

Guerrilla RF Inc., a provider of high performance MMICs, 
announced that the U.S. Patent and Trademark Office has 
issued Patent No. 8,970,296. The company’s first issued 
patent, expiring in 2033, prevents amplifiers from turning 
on in the presence of large RF input signals – leading to 
exceptional isolation and minimal impact to their on-state 
performance.  Guerrilla Armor™ also fits in the same form 
factor as the company’s existing, best-in-class noise figure 
low noise amplifiers (LNA), requiring no additional com-
ponents and resulting in substantial cost and size savings.

For up-to-date news briefs, visit mwjournal.comFor More
Information

Around the Circuit 
Barbara Walsh, Multimedia Staff Editor
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CONTRACTS
Harris Corp. has received a $47 million order for wide-
band radio systems from a nation in the Middle East as 
part of its continuing tactical communications modern-
ization program. The Harris systems will be used to sup-
port a command, control, communications, computers, 
intelligence, surveillance and reconnaissance (C4ISR) 
network used by military and security forces. The sys-
tem integrates software-defi ned radios from the Harris 
Falcon III® RF-7800 family of tactical radios, which 
includes the RF-7800H Wideband High-Frequency 
Radio, RF-7800V Combat Net Radio, RF-7800M 
Multiband Networking Radio and RF-7800I Vehicular 
Intercom Systems.

Mercury Systems Inc. announced that its Mercury De-
fense Systems subsidiary has received $2 million in fol-
low-on orders to deliver advanced Digital RF Memory 
(DRFM) jammers to the U.S. Navy. The orders were re-
ceived in the company’s fi scal 2015 third quarter and are 
part of a fi rm-fi xed-price, indefi nite delivery/indefi nite 
quantity (IDIQ) time and material contract award issued 
in 2010. They are expected to be shipped by the end of the 
company’s fi scal 2016 third quarter.

PEOPLE
M/A-COM Technology Solutions Holdings Inc. an-
nounced the appointment of Stephen G. Daly as an inde-
pendent director. Daly brings 25 years of experience and 
leadership in the RF and microwave industry to MACOM’s 
board of directors. Previously, Daly served as chairman of 
the board and also as president and chief executive offi cer 
of Hittite Microwave Corp. Additionally he held various 
microwave engineering positions at Raytheon’s Missile 
Systems Division and sales management positions at Alpha 
Industries. Daly received a B.S. in electrical engineering 
from Northeastern University.

RFMW Ltd. announced that Mark 
Millhollin has joined RFMW as a sup-
plier business manager. Millhollin will 
be responsible for developing and im-
plementing strategic business plans 
for various suppliers on the RFMW 
line card. Prior to joining RFMW, 
Millhollin’s background included cor-
porate supplier manager at Arrow/ V Mark Millhollin

Richardson RFPD, director of suppli-
er management at Avnet, Americas and sales manager at 
M/A-COM Eurotech. With his background and relation-
ships, Millhollin will help strengthen RFMW’s position 
within key suppliers and enhance the sales teams’ ability 
to effectively promote and support their products 
through improved upstream and downstream communi-
cations.
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Delta Electronics Mfg. Corp. wel-
comes Mark Reagan to Delta as the 
company’s director of quality assurance. 
Reagan has returned to Delta, where he 
spent over 20 years in both engineering 
and quality management positions. He 
returns after enjoying a stint at Safran 
Aerospace Composites Inc., where he  V Mark Reagan

was responsible for AS9100 QMS 
Audits, Six Sigma Projects as well as calibration and 
CAPA (Corrective – Preventive Action) system imple-
mentation. 

TTE Filters, a U.S.-based manufacturer 
of high reliability RF and microwave fil-
ters for communication and signal pro-
cessing applications and an affiliate of 
Gowanda Holdings, announced the 
hiring of David Zavac as sales manager. 
Zavac worked for TTE for almost 18 
years before leaving the company to 
pursue other opportunities in 2012.  V David Zavac

TTE Filters has rehired him to over-
see the company’s sales, customer relations and sales 
channels.

Intercept Technology Inc. announced 
the promotion of Lindy Kretchmer as 
marketing manager. Kretchmer will 
work closely with Dale Hanzelka, direc-
tor of sales and marketing, to continue 
Intercept’s marketing and communica-
tions efforts going forward. She will be 
responsible for driving the company’s  V Lindy Kretchmer
marketing strategy, developing techni-

cal communications and designing company messaging. 
Kretchmer comes to the position with almost 20 years of 
experience in the EDA industry and has also contracted in 
the past with such companies as Dish Network, State Farm 
Insurance, Ciber, Qmatic and others in various marketing 
and communications positions.

Monroe Electronics and its Digital 
Alert Systems subsidiary announced 
that Antony (Tony) Harris has been 
chosen as director of software develop-
ment. In this newly created position, 
Harris will work closely with the man-
agement team in developing and man-
aging code base for current and future 

 V Antony Harris products. Harris comes to Monroe 
Electronics with a deep understanding 

of scalable, distributed computing architectures; demon-
strated skill in all aspects of software product develop-
ment; and a record of building successful products, ser-
vices and teams.
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IN MEMORIAM
Vincent J. McHenry died peacefully 
at his home on Thursday, April 2, 2015 
at the age of 86. He attended the 
University of Detroit and subse-
quently entered the U.S. Army Signal 
Corp. where he became an instructor 
during the Korean War. Following 
military service he joined the Bendix 
corporation. Filled with an entrepre- V Vincent J. McHenry
neurial spirit he then co-founded 

Omni Spectra. After briefl y retiring in his 40’s to spend 
time with his family he co-founded his most successful 
venture, Southwest Microwave in 1981. In 1997 
McHenry won the Pioneer Award for inventing (along 
with 2 others) the Subminiature Type A (SMA RF) Coax 
Connector. This technology remained in use for 20+ 
years and marks a signifi cant achievement in both his 
career and the fi eld he dedicated his life to.
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• RF = LO - IF upconverter
• Synthesizer

REP APPOINTMENTS
Custom MMIC, a developer of performance driven mono-
lithic microwave integrated circuits (MMICs), announced 
the appointment of Saguaro Technical Sales as their 
new representative in Arizona and New Mexico. Saguaro 
Technical Sales, based in Scottsdale, Ariz., maintains a 
highly skilled workforce with degreed engineering talent 
that can target solutions to a broad spectrum of customers. 
Saguaro will play a pivotal role in Custom MMIC’s contin-
ued growth over the next several years as they continue to 
develop their standard product catalog and design services.

Versatile Power Inc., a technology leader in the design 
and manufacture of commercial power supplies and cus-
tom electronic subsystems, announced the addition of 
Instrument Engineers, San Diego, Calif., to its growing 
list of authorized distributors of Versatile Power’s new fam-
ily of BENCH programmable power supplies. 

PLACES
Spectrum announced that it is boosting its sales and sup-
port services in the U.S. with the opening of Spectrum 
Instrumentation Corp. Spectrum, headquartered in 
Grosshansdorf, Germany, is a pioneer in design and manu-
facturing of PC based test and measurement instrumenta-
tion that is used for electronic signal capture, generation 
and analysis. The new U.S. offi ce provides local sales and 
technical support and is equipped with demonstration 
equipment so that customers can test the instruments 
with their signals. The offi ce is located at 6 Barbara Drive, 
Warwick, NY 10990.

Towerstream Corp., a fi xed wireless fi ber alternative pro-
vider, announced the opening of a second sales center loca-
tion in Southern Florida, one of the fastest growing areas 
of the country. The company has initially hired two sales 
managers and nine account executives, and plans to in-
crease the number of account executives to approximately 
twenty by the end of the year.
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Low Noise GaN Amplifiers 
with Inherent Overdrive 
Protection
Charles J. Trantanella and Paul Blount
Custom MMIC, Westford, Mass.

When it comes to microwave receiv-
ers, the one component that can 
cause the most headaches is the in-

put low noise amplifier (LNA). Not only must 
the LNA perform optimally in low-level signal 
environments, it must also be protected against 
unwanted high power signals that are well 
above the amplifier’s normal operating range. 
Consider the case of X-Band satellite receiver 
systems. While the desired signal levels can be 
as low as -90 dBm, those unwanted high power 
hitchhikers, which can include jamming sig-
nals or radiation from a nearby antenna, can 
be as high as 1 to 5 W. To solve this problem, 
many current microwave receiver systems use 
a two-pronged approach. First, the LNA is of-
ten fabricated in gallium arsenide (GaAs) to 
take advantage of the semiconductor’s inher-
ently good noise properties. Second, a limiter 
is then placed at the input to the LNA, to pro-
tect against the semiconductor’s inherently bad 
power handling properties. The limiter is often 
a stand-alone component not fabricated as part 
of the LNA.1

In general, this two-pronged approach 
works well, but at a cost. All limiters have in-
sertion loss, typically 0.5 to 0.7 dB, sometimes 
as high as 1 dB. This loss directly degrades the 
system noise figure, since the limiter is in series 
within the signal path. Over the last 10 years, 

the use of high electron mobility (HEMT) 
GaAs transistors has led to a reduction in the 
noise figure of the LNA, negating some ill ef-
fects of the limiter. For example, LNAs operat-
ing at X-Band with a noise figure of 0.8 to 1.1 
dB have recently been reported.2 These am-
plifiers were fabricated using a metamorphic 
HEMT (MHEMT) semiconductor process, 
which includes the growth of indium phosphide 
on top of the GaAs wafer. In terms of robust-
ness in the presence of high power, however, 
these LNAs require even more protection. The 
MHEMT devices are much more susceptible 
to high input power levels than standard GaAs, 
since MHEMT achieves a lower noise figure 
in part by reducing the breakdown voltage of 
the device. Thus, the input limiter takes on an 
even more critical role within a receiver utiliz-
ing MHEMT technology.

The need for a limiter led Custom MMIC to 
consider an alternate solution to the problem 
of receiver sensitivity in high power environ-
ments. Through a Phase I and Phase II Small 
Business Innovative Research (SBIR) grant 
with the United States Air Force, Custom 
MMIC investigated the use of gallium nitride 
(GaN) technology for the development of the 
LNA. When GaN is raised as a topic in con-
versation, most engineers immediately think 
of power amplification, since the technology’s 
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to Ku-Band frequency range. Custom 
MMIC procured devices of roughly 
the same total periphery from four 
commercial foundries and measured 
their inherent gain and noise proper-
ties (see Figures 1 and 2). For these 
measurements, all of the devices 
were measured in a 50 ohm environ-
ment, biased with a drain voltage of 
10 V and tuned to a current density 
of 250 mA per mm. Based on these 
results, Foundry #4 was the best over-
all choice, since it offered the lowest 
noise figure while still maintaining ad-
equate gain. This foundry offers a GaN 
process with a 0.2 µm gate length, two 
levels of metal interconnects, metal-
insulator-metal capacitors, airbridges, 

backside vias and a 
substrate thickness 
of 4 mils.

After choosing 
the foundry, the 
next step was to 
develop a scalable, 
small-signal GaN 
device model. Cus-
tom MMIC accom-
plished this by first 
measuring the Y-pa-
rameters for differ-
ent device sizes un-
der a range of bias 
conditions, then fit-
ting these results to 
a standard FET cir-
cuit model. Figure 
3 shows a compari-
son of the measured 

advantages in other circuit functions, 
including LNAs.3-5

Custom MMIC embarked on an 
investigation of GaN as a replacement 
for GaAs LNAs in X and Ku-Band by 
exploring two key questions: Is the 
noise figure of a GaN device similar 
to a GaAs HEMT device? Can a GaN 
LNA survive incident power levels 
up to 5 W, thereby negating the need 
for an external limiter? The answer to 
both questions is a resounding “yes!”

GaN SELECTION AND MODELING
The first step in answering these 

questions was to identify a commer-
cial GaN foundry with a low noise de-
vice that could support the required X 

impressive breakdown voltage can be 
used to generate high power with high 
efficiency across the microwave spec-
trum. Such applications are not the 
only use for GaN. As circuit design-
ers are discovering, GaN, with its high 
breakdown voltage, offers numerous 

V Fig. 1  GaN devices from four foundries, 
comparing small-signal gain vs. frequency.
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V Fig. 2  GaN devices from four foundries, 
comparing noise figure vs. frequency.
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V Fig. 3  Comparison of measured (blue) and extracted model (red) 
S-parameters for a 4 × 100 µm GaN FET from Foundry #4.
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the bottom metal layer, the dark traces 
represent the upper (airbridged) met-
al layer. This design does not include a 
front-end limiter.

For testing, Custom MMIC 
mounted the die to a metal carrier 
and attached bypass capacitors to the 
bias ports with bond wires. Figure 6
shows a photograph of the plate as-
sembly. The LNA was biased with a 
fi xed drain voltage (Vdd) of 10 V and 
a variable gate voltage (Vgg) between 

good accuracy, including the resonant 
nulls in the port return losses. Its de-
vice models have been used to design 
narrowband and wideband amplifi ers 
to 20 GHz, all with the same success 
as shown in Figure 4.

GaN LNA DESIGN
Once Custom MMIC had devel-

oped GaN models and examined pre-
liminary designs, they focused on de-
veloping an ultra low noise GaN ampli-
fi er covering 5 to 9 GHz. They settled 
on a two-stage topology with highpass 
matching networks for the input and 
interstage. Highpass networks tamp 
down the low frequency gain, ensure 
unconditional stability and provide a 
good noise match. Figure 5 is a pho-
tograph of the die as manufactured. 
The input is on the left, the output on 
the right; drain voltage is applied at 
the top, gate voltage at the bottom. All 
grounds are accessed through back-
side vias. The bright gold traces show 

data for a 4 × 100 µm device against 
the extracted circuit model, where Vdd
= 10 V and Vgg = -2.8 V. Note that the 
model predicts the gain of the device 
to within 0.75 dB up through 40 GHz. 
It achieved a similar level of modeling 
accuracy across a wide range of device 
sizes and bias conditions.

Of course, the device model by 
itself is not the complete story, the 
authors are most concerned with ac-
curately simulating the entire LNA. 
Figure 4 shows a comparison of the 
measured data with the circuit model 
for an early iteration X-Band LNA de-
sign. This amplifi er was designed to 
operate near 7 GHz with a relatively 
narrow bandwidth, which makes this 
circuit ideal for comparing the model 
and the measured data. The model 
predicts the S-parameters with very 

V Fig. 4  Comparison of the magnitude of 
the S-parameters vs. frequency, showing 
the measured (dashed lines) and the circuit 
model (solid lines) of an earlier, narrow-band 
version of the X-Band LNA.
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V Fig. 5  X-Band GaN LNA die fabricated 
by Foundry #4.

V Fig. 6  Die plate assembly for testing the 
GaN LNA with bond wire interconnects.
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HEMT design.6 However, the GaN 
amplifier delivers much more power 
with greater efficiency, generating a 
much wider dynamic range than its 
GaAs counterpart.

DAMAGE TESTING
The second goal of this effort was to 

investigate the ability of a GaN LNA 
to withstand high incident power. Nu-
merous other researchers have consid-
ered this problem3,7 and demonstrated 
GaN LNA survivability levels at X-
Band ranging from +32 to +42 dBm. 
However, nearly all of the LNAs capa-
ble of surviving above +38 dBm have 
bandwidths much less than the near 
octave bandwidth of Custom MMIC’s 
design. Therefore, the authors believe 
their work advances the overall knowl-
edge of GaN LNA robustness.

To investigate power handling, 

across 6 to 8 GHz. These parameters 
are fairly insensitive to the gate bias. 
Figure 8 shows the noise figure of the 
LNA under the same bias conditions 
used for measuring the S-parameters. 
The noise figure is 1.0 to 1.3 dB across 
5 to 9 GHz, with an optimal gate bias, 
approximately Vgg = -2.6 V. The out-
put power at 1 dB compression and 
third order intercept are plotted in 
Figure 9. The LNA had a fixed gate 
bias of Vgg = -2.6 V and a drain bias 
of Vdd = 10 V. The LNA delivers a fair 
amount of power and reaches a peak 
power-added-efficiency (PAE) of ap-
proximately 30 percent under drive. 
Such efficiency is noticeably better 
than most typical GaAs LNA designs, 
which tend to have a PAE on the or-
der of 10 percent.

The noise performance of this GaN 
LNA is commensurate with a GaAs 

-2.4 and -2.8 V, corresponding to a 
quiescent current between 60 and 
150 mA. The bias was connected to 
the LNA through needle probes to 
the top plate of the bypass capaci-
tors. The input and output ports were 
bonded to 50 ohm alumina microstrip 
lines that were accessed with standard 
ground-signal-ground wafer probes. 
All measurements included the pres-
ence of bond wires. High perfor-
mance microwave cables connected 
the wafer probes to the test equip-
ment. Calibration was performed to 
the ends of the wafer probes for both 
vector (S-parameter) and scalar (noise 
figure) measurements.

Figure 7 shows the magnitude of 
the measured S-parameters. The drain 
voltage was 10 V, and the gate bias 
varied from -2.4 to -2.8 V. The gain of 
the LNA was between 20 and 24 dB, 
with return losses better than -10 dB 

V Fig. 7  Magnitude of the S-parameters of 
the GaN LNA vs. frequency, biased at gate volt-
ages between –2.8 and –2.4 V with Vdd = 10 V.
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V Fig. 9  Output power at 1 dB compression 
and output IP3 vs. frequency for the GaN 
LNA biased at Vdd = 10 V and Vgg = –2.6 V.
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Introducing the ultra small, super powerful,
EMD1211 DC-20 GHz 1 watt power MMIC amplifier.

levels up to 5 W without suffering 
long-term damage.

This same power handling investi-
gation was performed on several other 
X-Band LNA designs with similar 
noise figure but reduced output pow-
er. The lower power was achieved by 
using smaller GaN devices in the same 
amplifier topology (two-stage with 
highpass matching networks), not by 
varying the bias point of the baseline 
design. The smaller the device, the 
less input power the LNA could with-
stand before damage. For example, an 
LNA with 50 percent less periphery 
than the original design could only 
withstand incident levels up to 2 W; 
an LNA with 75 percent less periph-
ery could only withstand levels of 1 W. 

gain and noise fig-
ure of the amplifier. 
In the stress mode, 
the device-under-
test (DUT) was 
subjected to a high 
power signal for ten 
seconds. The power 
was calibrated using 
scalar power detec-
tors (power heads 
1 and 2 in Figure 
10). The test se-
quence began at 1 
W incident power 

and increased to 5 W, the maximum 
input power available from the equip-
ment. After each 10 second stressing, 
the LNA was connected to the mea-
surement path (“noise mode” in Fig-
ure 10) and compared to the baseline 
gain, noise figure and DC current.

Figures 11 and 12 show the mea-
sured gain and noise figure, respec-
tively, after a number of stress tests. 
Both parameters remained relatively 
unchanged until the LNA was sub-
jected to 5 W of incident power, 
when the gain dropped approximate-
ly 0.4 to 1 dB, and the noise figure 
rose by 0.2 dB. Following this final 
stress test, the LNA remained biased 
with no RF drive for five minutes; 
then the parameters were retested. 
Both gain and noise figure recovered 
to within their normal limits after this 
settling period. Therefore, the au-
thors believe they have demonstrated 
an LNA that survives incident power 

they developed a scalar test station 
(see Figure 10) that stresses the input 
port of the LNA up to incident power 
levels of 5 W and then measures the 

V Fig. 10  Setup for high power stress testing the GaN LNA.
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V Fig. 11  Gain of the GaN LNA before and 
after stress testing, biased at Vdd = 10 V and 
Vgg = –2.6 V.
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There does appear to be a direct cor-
relation between GaN device size and 
inherent overdrive protection.

CONCLUSION
The authors have demonstrated 

an X-Band LNA fabricated on a com-
mercial GaN process with an ultra-low 
noise fi gure of 1.0 to 1.3 dB. This LNA 
was a two-stage design that utilized 
highpass matching structures in the 
input and interstage networks. With-
out an input limiter, the LNA was able 
to withstand incident power levels of 
5 W for 10 seconds without suffering 
long-term damage. Survivability in 
such an environment appears directly 
related to the device size within the 
LNA, at least for a fi xed topology. ■
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Design Optimization in the 
Development of Precision 
Ovenized Quartz Oscillators
Y. Vorokhovsky, A. Nikonov, A. Kotyukov and A. Kamochkin
Morion Inc., Russia

A new precision 10 MHz oven controlled crystal oscillator (OCXO) exhibits low 
phase noise close to the carrier (-120 dBc/Hz at 1 Hz) and a low noise floor (-160 
dBc/Hz at 1 kHz) with very good frequency versus temperature stability.

OCXOs are essential components in 
modern telecommunication and mea-
surement systems, while requirements 

for frequency stability versus temperature, 
thermal hysteresis of frequency, long-term sta-
bility, Allan Deviation (ADEV), phase noise 

and size are becoming more 
challenging. Meeting these re-
quirements calls for quartz crys-
tal technology improvements 
and oscillator circuit design op-
timization.

RESONATOR
The evolution of crystal blank 

processing and the use of cold 
welding technology for encap-
sulation have yielded compact 
quartz resonators of the high-
est quality while providing the 
potential for significant size re-
duction. To achieve the lowest 
ADEV, special quartz cleaning 
methods and a number of addi-
tional surface finishing processes 
are used. This along with circuit 
optimization to reduce intrinsic 
noise in the electronics results 

in the phase noise and ADEV performance 
shown in Figure 1.

THERMAL DESIGN
For reduced size, a single-oven heating 

system is used. Although difficult to achieve, 
design experience and the capabilities of mod-
ern analysis and optimization software enable 
the realization of small single-stage oven-con-
trolled oscillators with high frequency stability 
versus temperature by ensuring low tempera-
ture gradients in a zone occupied by the crystal 
and other thermosensitive parts.1

The finite element method is used for ther-
mal modeling. The thermal modeling software 
takes into account such factors as the individu-
ally adjustable thermal conductivity of materi-
als, the area of thermal contact between the 
material and the heating element, air convec-
tion and its influence on the heat transfer, and 
provides a dynamic thermal map of the design 
(i.e., during the warming or cooling of the 
structure). Registration of these factors allows 
the building of a high fidelity thermal model. 
Figure 2 illustrates the thermal model of the 
oscillator and its infrared image. Design opti-
mization achieves such good thermal perfor-
mance that the influence of temperature on 
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V Fig. 1  Phase noise (a) and Allan Devia-
tion (b) for a 10 MHz OCXO.
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the resonator becomes a negligible 
contributor to oscillator temperature 
stability.

The presence of parasitic (B-mode) 
oscillation for an SC-cut resonator, lo-
cated above the main frequency by 
about 10 percent, provides a means 
to determine the quality of tempera-
ture stabilization while in the oven. 
The B-mode oscillation has an almost 
linear frequency versus temperature 
dependence, so the measurement of 
B-mode frequency versus tempera-
ture enables an estimate of tempera-
ture stability. Measurement results 
are shown in Table 1.

Figure 3 shows the frequency ver-
sus temperature characteristic of an 

V Fig. 2  Thermal model (a) and infrared 
image (b).

V Fig. 3  Frequency behavior of SC-cut 
resonator close to the lower turnover point.
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TABLE 1
 B-MODE FREQUENCY CHANGE VS. TEMPERATURE

Frequency 
(MHz)

Temperature 
Range (°C)

�F Oven 
Off  

(ppb)

Slope 
(ppb/°C)

�F 
Operating 

Oven 
(ppb)

Accuracy of 
Temperature 
Stabilization 

(°C)

Sample 1 10 -30° to 70°C 2521096 25210.96 3138 0.12

Sample 2 10 -30° to 70°C 2661517 26615.17 4129 0.16
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of this phenomenon is not fully un-
derstood; however, on the basis of 
practical experience we know that 
two factors are especially important: 
the cleanliness of the environment 
in which the resonator is hermeti-
cally sealed, and the bonding tech-
nology used. Along with additional 
manufacturing controls, frequency 
jumps are reduced to a minimum. 
An example of a continuous fre-
quency measurement during the 
manufacturing control for frequency 
jumps is shown in Figure 4.

CONCLUSION
Computer thermal modeling, 

circuit design optimization and the 
use of high quality resonators pro-
vides a signifi cant improvement in 
the performance of single-oven os-
cillators. For a 10 MHz OCXO, fre-
quency stability versus temperature 
is improved nearly 10 fold (to 4e-10 
peak-to-peak from -40° to 85°C), 
and phase noise close to the carrier 
is decreased by 10 dB (to -120 dBc/
Hz at 1 Hz) along with a low phase 
noise fl oor (-160 dBc/Hz at 1 kHz) 
and a good ADEV (up to 1.5e-13). 
Final dimensions of the optimized 
OCXO are 51×51×16 mm. ■
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SC-cut resonator near the lower turn-
over point. The data of Table 1 shows 
that the contribution of the frequency 
versus temperature dependence of 
the resonator to the frequency versus 
temperature dependence of the oscil-
lator is insignifi cant.

FREQUENCY JUMPS
For some applications, such as 

timing tasks, the absence of fre-
quency jumps is critical. The nature 

V Fig. 4  Continuous frequency measure-
ment of a 10 MHz OCXO.
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Characterizing FR-4 
Dielectric Constant 
Using Antenna Resonant 
Frequency 
Pankaj R. Katiyar, M. M. Shafiei and Wan Nor Liza Binti Wan Mahadi
University of Malaya (UM), Kuala Lumpur, Malaysia

The use of antenna resonance for characterizing the dielectric constant of an 
FR-4 substrate is demonstrated. The maximum error in predicting the resonant 
frequency of a patch antenna by this method is found to be three percent while 
minimum error is 0.3 percent. This is within the range of typical impedance 
control (10 percent) provided by PCB manufacturers. A step-by-step guideline 
and formula are provided. This approach is inexpensive and involves the straight-
forward measurement of return loss.

For the design of planar RF and micro-
wave circuits there are many dielectric 
substrates that can be chosen depending 

on applications and cost factors. In a commer-
cial environment, cost is a major determinant; 
hence FR-4 glass epoxy laminate is often used. 
It is one of the most inexpensive substrate ma-
terials and is familiar to many PCB designers. 
A major issue, however, is the lack of accurate 
dielectric constant information for FR-4 at RF 
and microwave frequencies. Datasheets pro-
vided by various manufactures provide Jr at 
just 1 or 10 MHz, making it necessary for cir-
cuit designers to further characterize the mate-
rial before using it in their designs.

PCB manufactures can control the imped-
ance of specified traces to keep them within 
desired tolerances; however, impedance con-
trol is done using TDR measurements at 1 or 

10 MHz. The instrumentation is not capable of 
performing TDR measurements at higher fre-
quencies such as 2.5 or 5 GHz used for Wi-Fi 
applications.1 There are other dielectric char-
acterization methods such as free space trans-
mission/reflection measurement systems,2 test 
circuits based on parallel-coupled microstrip 
resonators,3 the utilization of transmission in-
formation with optimization algorithms,4 the 
use of loaded microstrip antennas,5 ring-reso-
nator techniques,6 capacitance and S-param-
eter techniques,7 and the use of impedance 
analyzers.8 Although any of these methods can 
be used to characterize the permittivity of di-
electric substrates at a desired frequency, they 
all require specialized measurement equip-
ment and, in some cases, a sample of PCB 
substrate material. The ring-resonator tech-
nique described by Rashidian et al.,6 and the 
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for determining the 
dielectric constant 
at a new frequency.

FR-4 is charac-
terized at 3G and 
Wi-Fi frequencies, 
1.9 and 2.5 GHz, 
respectively. Two 
passes of simulation 
and fabrication are 
performed. Three 
data points are then 
used to extrapolate 
the value of the di-
electric constant 
over the frequency 
range.

EXTRACTED 
PARAMETER 
CALCULATION

By rearranging 
the microstrip patch 

antenna equations,10 the following is 
obtained for relative permittivity or 
dielectric constant.


 �
J "

� �
�

c

2 W f
1 (1)r

2

m
2

where W is the width of the patch,  fm is 
the center frequency and c is the speed 
of light.

This must be corrected for the fring-
ing effect of the antenna with air above 
the patch. To remove the fringing ef-
fect, Equation 1 is offset by a fringing 
factor as shown in Equation 2.


 �
J "

� �
� �¬
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¼
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�
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2

m
2
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where h is the thickness of the sub-
strate.

ANTENNA SIMULATION AND 
MEASUREMENT

Computer Simulation Technology 
(CST) software is used for the design 
and simulation of the patch antenna. 
The first step is to calculate the anten-
na length and width using traditional 
analysis. Simulation is performed to 
verify the calculated resonant fre-
quency. The microstrip patch antenna 
is fed by a microstrip line and quarter 
wavelength matching is used to match 
the antenna impedance to 50 �. Fine 
tuning is required to perfectly match 
the antenna impedance and hence 
some recursive simulation is per-
formed. The simulated model is then 

time-domain method of Fidanboylu et 
al.,9 use trial and error to arrive at ap-
proximate values, making them more 
complex to use.

This article describes a simplified 
method using a step-by-step proce-
dure and formula to derive the dielec-
tric constant from the measured reso-
nant frequency of a patch antenna. 
The method and formula are experi-
mentally verified. This requires fabri-
cation of a microstrip antenna at the 
desired operating frequency. We use 
3G and Wi-Fi as examples and hence 
two patch antennas are designed. This 
is a one-time characterization process 
and does not require further valida-
tion unless a new PCB substrate is 
used or greater accuracy is desired.

WORKFLOW
The first step is to design a simple 

microstrip patch antenna on FR-4 
substrate using values of dielectric 
constant and loss tangent provided 
in the material datasheet (i.e., at 10 
MHz). Resonant frequencies of mea-
sured and simulated antennas are then 
compared. Because the fabrication 
parameters (i.e., dimensions) are the 
same as the simulated design param-
eters, the shift in resonant frequency 
is assumed to be due to differences 
between the measured and simulated 
dielectric constants. From this infor-
mation, a new dielectric constant is 
determined and used in a second pass 
of simulation and design. The second 
pass serves as a validation and an input 

V Fig. 1  Simulated dimensions and photograph of the fabricated 
first-pass antenna.
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nates at 2.512 GHz – a difference of 
only 8 MHz.

Using three data points for the di-
electric constant, an extrapolation (see 
Figure 5) provides predicted values 
derived from measurement over the 
frequency range of interest.

fabricated on FR-4.
Figure 1 shows 

the simulated di-
mensions and the 
fabricated first-pass 
antenna using a di-
electric constant of 
4.6 at 10 MHz, per 
the datasheet. The 
simulation (see Fig-
ure 2) predicts reso-
nance at 1.63 GHz. 
The difference in 
resonant frequency 
between measure-
ment (1.864 GHz) 
and simulation is 
clearly apparent. 
Since all parameters 
except the dielec-
tric constant are 
the same, the con-
clusion is that the 
resonant frequency 
difference of 232 
MHz is caused by 
the use of an incor-
rect dielectric con-
stant in the simula-
tion. Through the 
application of Equa-
tions 1 and 2, the di-
electric constant at 
1.864 GHz is found 
to be 3.25.

The adjusted re-
sult shown in Fig-
ure 2 is determined 
by repeating the 
simulation using 
the same antenna 
dimensions but 
with the calculated 
dielectric constant. 
The new simulation 
now predicts reso-
nance at 1.92 GHz (56 MHz higher 
than measured). This indicates that 
the dielectric constant of the substrate 
material is closer to 3.25 than it is to 
the value 4.6 that is stated within the 
datasheet.

For validation, a second simula-
tion is performed at 2.5 GHz. Using 
the calculated dielectric constant of 
3.25, the patch antenna is redesigned 
to resonate at 2.5 GHz (see Figure 
3). Figure 4 compares measured and 
simulated results for the second pass. 
The resonant frequency of the simu-
lated patch antenna is 2.504 GHz, 
whereas the fabricated antenna reso-

V Fig. 2  First-pass antenna results.
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V Fig. 3  Simulated dimensions and photograph of the fabricated 
second-pass antenna design.
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V Fig. 4  Second-pass antenna results.
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CONCLUSION
A resonant frequency method is 

used to measure the dielectric constant 
of PCB laminate material. This is use-
ful for characterizing inexpensive FR-4 
material, such as 1080 and glass epoxy 
laminate, at microwave frequencies. 
The experimental result for a single 
pass yields a difference of 56 MHz in 
the resonant frequency between simu-
lation and measurement. This is within 
three percent of the measured reso-
nant frequency using the calculated di-
electric constant of 3.25. For a second 
pass, the difference is further reduced 
to within 0.3 percent of the measured 
resonant frequency. ■
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Phase Noise, Amplitude and 
TOI Measurement Errors
Bob Stern
Keysight Technologies Inc.
formerly Agilent Technologies electronic measurement business
Santa Rosa, Calif.

Do you rely on accurate measurement of phase noise, amplitude or third 
order intercept (TOI) as part of your work? Would it surprise you to fi nd out 
the accuracy of these and other critical measurements may not be what you 
expected, depending upon how your instruments are calibrated? If you submit 
your instruments for calibration and just assume good things will happen, your 
carefully constructed system accuracy budget could be ruined by instruments 
operating out of specifi cation!  Sounds bad – and it is! Unfortunately, what 
constitutes a proper calibration and the importance to everyday measurement 
accuracy is seldom taught in electrical engineering classes. This article illustrates 
how the accuracy of key measurements is directly related to specifi c calibration 
deliverables.

State-of-the-art phase noise measurements 
generally have to be performed with a 
dedicated phase noise test set. While 

still the only viable method for truly low noise 
sources, this technique is time consuming and 
requires signifi cant technician skill. Fortunate-

ly, the local oscillators employed in modern 
spectrum analyzers frequently have suffi ciently 
low phase noise to allow direct measurement 
of source phase noise. Figure 1 illustrates the 
progression of improved phase noise perfor-
mance in recently introduced spectrum analyz-
ers.

The phase noise of each of these instru-
ments is tested thoroughly when manufac-
tured. Sometimes you may hear “phase noise 
performance is an intrinsic design character-
istic and doesn’t need to be checked during 
periodic calibration.” Certainly, modern instru-
ments do have stable block diagrams. And yes, 
instruments with synthesized local oscillators 
connected to 10 MHz external references do 
not need to be checked for frequency accuracy. 
However, many other performance character-
istics, such as phase noise, may be stable for 
several years, then degrade without warning 
and without obvious clues to instrument opera-
tion (think instrument heart disease).

Table 1 shows the phase noise specifi ca-
tions for the Keysight E4440A. Figure 2 shows 
the actual measured phase noise of a series of 
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V Fig. 1  Trend of signal analyzer phase noise specifi cation.
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ApplicationNote
course, the measurement is a combination of the reference 
source and the receiver performing the measurement. 
Note the sudden shift of approximately 11 dB beginning 
in January 2015. Either many units were suddenly not per-
forming within the historical statistical process limits, or 
something happened with the reference source employed 
in this system. This service center has several such calibra-
tion stations, so experiments were performed with differ-
ent reference signal sources and multiple measurements 
of the same test unit on multiple test stations. It was de-
termined that the reference on this station was the source 
of the 11 dB degradation. As soon as the reference signal 
generator was replaced, subsequent test units were again 
measured within the historical process limits.1 The signal 
generator in question was in a rack, not moved or other-
wise disturbed, prior to this 11 dB shift in performance. 
The root cause analysis of the failure mechanism had not 
yet been determined when this article was written.

Suppose the reference signal generator in the example 
was in one of your test systems. What would be the effect 
of >11 dB of lost production margin to your yield in a final 
production test system at your company or a test system 
used to characterize a new product design for transition 
from R&D to production? Seemingly stable instrument 
characteristics need to be periodically checked, just like 
doctors monitor blood pressure and cholesterol of seem-
ingly healthy patients. Accurate periodic calibration of all 
the key specifications you count on is essential to ensure 
your critical measurements are as accurate as your system 
error analysis assumes.

Every calibration lab has a different level of commit-
ment to maintaining lab standards.  Suppose you are rely-
ing on the -136 dBc/Hz (@ 10 kHz offset) specification of 
the new Keysight N9040A UXA signal analyzer. The per-
formance test requires a special reference oscillator. To be 
sure the current performance of your high end instruments 
is accurately measured, you should insist on a calibration 
report that includes both the instruments used and the test 
results. For any reputable calibration provider, this should 

E4440A PSA units measured at the 100 Hz offset point. 
The test system in this case is one of the signal analyzer 
calibration stations at Keysight’s Roseville service center. 
Each symbol represents a different customer unit. Of 

TABLE 1
E444OA PSA NOISE SIDEBANDS (dBc/Hz) 
(20° to 30°C, Center Frequency = 1 GHz)

Offset Specification Typical

100 Hz -91 -96

1 kHz -103 -108

10 kHz -116 -118

30 kHz -116 -118

100 kHz -122 -124

V Fig. 2  Process monitoring of phase noise measurements on a 
signal analyzer calibration station.
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was apparently functioning perfectly 
yet had TOI performance more than 
5 dB worse than it should have – and 
was fi ne after it was repaired. So you 
may ask yourself, “Can I afford to lose 
5 dB or more margin when testing my 
amplifi ers for TOI?” If your answer is 
“absolutely not,” then check the cali-
bration measurement report for your 
signal analyzer.

Table 2 shows one example of a 

be an easy request 
to satisfy.

Figure 3 is an 
excerpt from the 
N9040A UXA help 
fi le specifying the 
equipment required 
for calibration. 
Hopefully it is obvi-
ous that high perfor-
mance microwave 
instruments can 
only be calibrated 
properly with cor-
respondingly high 
performance lab 
standards. For any 
high performance 
specifi cations you 
count on, you 
should be checking 
whether the instru-
ments used to do 
the calibration are 
up to the task. You 
don’t have to do this 
yourself; ask your 
calibration provider 
if you have questions.

THIRD ORDER IMD (TOI) 
MEASUREMENTS

An important specifi cation for am-
plifi ers is TOI performance. The test 
involves setting up two equal amplitude 
signals that are fed through a combiner 
to an amplifi er under test (see Figure 4). 
The level of the signals depends on the 
amplifi er’s gain, maxi-
mum output level 
and, of course, TOI 
performance. Gen-
erally, amplifi ers are 
specifi ed for the ex-
pected TOI at a given 
input level. With two 
input signals, any 
third order distortion 
products appear as 
shown in Figure 5.

If you already make TOI measure-
ments, no doubt you are aware of the 
importance of isolating the two signal 
generators to avoid intermodulation 
via their output level control circuits.  
However, did you know that signal an-
alyzers can change over time? There 
are mechanisms that can cause signal 
analyzer TOI performance to degrade. 
To illustrate, the video “Out-of-Cal In-
struments Cause “Bad” Pass/Fail De-
cisions”2, shows a signal analyzer that 

V Fig. 3  Excerpt from instructions for calibrating the Keysight X-
series signal analyzer.
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V Fig. 4  Test setup for measuring amplifi er TOI.
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(rheostat) became extinct some 15 to 
20 years ago. Since then, instrument 
manufacturers rely on digital-to-analog 
converters (DAC). This, with the same 
accurate external equipment used for 
measuring performance, allows for au-
tomated adjustment routines. These 
adjustments are often iterative for 
overall optimum performance. Power 
level accuracy adjustments in micro-
wave signal generators can be as short 
as 30 minutes, though most models 
take two to four hours.

OEMs, including Keysight, do not 
publish the algorithms of these adjust-
ment procedures. If your unit needs 
to be adjusted, you need to send it to 
the OEM. When units are observed 
out of spec as received, Keysight re-
ports the measured performance so 
you can determine the impact that in-
strument may have had on your mea-
surements. Also, if it were necessary 
to adjust your instrument and re-run 
the performance tests, you’ll receive 
the “as shipped” measured data so 
your instrument is fit for use again.

SPECIAL CALIBRATION TO 
IMPROVE MARGIN

All measurements contain errors. 
There is no such thing as a perfect 
measurement. That is why you de-
velop a system error budget for im-

TOI report. If your cal provider does 
not provide a measurement report 
or if that report doesn’t include TOI 
measurements, then you have no idea 
of the current TOI performance of 
your measuring receiver. Just like it 
takes two people to dance the tango, 
two microwave signal generators are 
needed to perform TOI signal analyz-
er measurements.  If the instruments 
listed in your calibration certificate 
do not include two microwave signal 
generators, you know that TOI perfor-
mance was not measured.

ADJUSTED TO THE MIDDLE?
Many engineers assume that when 

they submit their instruments for cali-
bration their unit will be adjusted for 
optimum performance every time. 
That is not true, not even for the origi-
nal equipment manufacturer (OEM). 
What does happen is performance 
tests establish observed current per-
formance. If the observed measure-
ments are inside the specification limit 
and considered a “pass,” the unit is 
returned to the customer (see Figure 
6). At Keysight, we measure the ac-
tual performance for every spec, every 
time in calibration. If a measurement is 
out-of-specification, then we perform 
adjustments. For engineers with long 
memories, the last adjustable resistor 

TABLE 2
THIRD ORDER INTERMODULATION DISTORTION TEST REPORT

Model: N9030A    Serial: US51381234    Test Date: 20-June-2014    Test Result: Pass

Frequency 
(MHz)

Measured TOI 
(dBM)

Measured 
Uncertainty 

(�dB)

Specification 
(dBm)

Result

50.01 18.77 0.29 13 Pass

1700.21 23.34 0.47 21 Pass

2800.21 24.28 0.52 21 Pass

5000.21 22.76 0.41 15 Pass

13000.21 23.24 0.40 15 Pass

19500.21 21.90 0.50 10 Pass

V Fig. 6  Work flow for calibration, repair and adjustments.
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ment is operating near the nominal 
specification, with extra yield margin 
in production test systems.

RECEIVER SENSITIVITY
One of the most important specifi-

cations for any RF/microwave receiv-
er is sensitivity. It is generally defined 
as the minimum signal level at the 
input which results in a minimum ac-
ceptable bit error rate, signal-to-noise 
ratio or other baseband criteria for 
minimum acceptable receiver opera-
tion. Good receivers have a sensitivity 
of  better than 0.5 µV (-113 dBm). In 
the region near the specified receiver 
sensitivity, the acceptable baseband 
criteria often changes at twice the rate 
of the incremental change in input 
level. Thus, it is important to have the 
power level be as accurate as possible. 
An example of level accuracy is shown 
in Figure 8, for the N5183A micro-
wave signal generator. The expanded 
measurement uncertainty (shown 
with the red brackets) is quite a bit 
smaller than the specification. This is 
due to the excellent performance of 
the signal generator and because of 
the digital IF and receiver option of 
the E4448A measuring receiver used 
for this test. Calibration labs some-
times use older spectrum analyzers 

portant measurements. Calibration is 
the same – there are no perfect mea-
surements. In the calibration world, 
measurement error is referred to as 
measurement uncertainty (MU). You 
can think of this as the standard devia-
tion of all the errors combined in an 
appropriate fashion.3 For most instru-
ments, if you then draw an interval of 
± 2 MU about a measured value, the 
result is the familiar statistical 95 per-
cent coverage interval.

Figure 7 illustrates a calibration 
measurement that is in specification. 
However, a portion of the 95 percent 
certainty range is outside the specifi-
cation, meaning there is some risk that 
the true value is out of specification.4
On many instruments, Keysight offers 
a premium calibration service, termed 
“cal + uncertainties + guardbanding,” 
where adjustments are performed 
when necessary to ensure the 95 per-
cent certainty region falls within the 
data sheet specification. Keysight’s 
service adjustments are the same al-
gorithms that are used in production. 
For specifications that are critical to 
system error budgets, it is a good idea 
to request that those instruments re-
ceive Keysight’s “cal + uncertainties + 
guardbanding” service. This provides 
the greatest assurance that the instru-

V Fig. 7  Example of the 95 percent confidence range extending outside the instrument specifi-
cation.
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V Fig. 8  Power level accuracy of a N5183A MXG signal generator.
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with analog IF sections (e.g., analog 
IF fi lters and log amplifi ers). This re-
sults in the expanded measurement 
uncertainty extending well beyond the 
specifi cations. Obviously, if the mea-
surement uncertainty extends beyond 
the specifi cation of the instrument be-
ing tested, there’s no way to know the 
actual performance.  With large mea-
surement uncertainty, it’s also impos-
sible to make accurate adjustments 
to achieve the power level accuracy 
shown in Figure 8.

CONCLUSION
With several common, important 

measurements, the instruments you 
rely upon may perform out of speci-
fi cation, even though they may not 
drift evenly from year-to-year. Absent 
catastrophic failure, you have no way of 
knowing that performance has changed 
unless it is caught during periodic cali-
bration. That’s the point of periodic 
calibration: to accurately measure the 
performance of your instrument and 
compare that with the original data 
sheet specifi cations. For the critical 
specifi cations that your organization 
relies on, review how your instrument 
performs during calibration. Waiting 
until one of the instruments is out of 
tolerance is too long. An instrument 
barely in tolerance can impact the pass/
fail results of the end product. For ad-
ditional test margin, consider a calibra-
tion service that incorporates uncer-
tainties and a guard band. ■

References
1.  The chart and associated data is part of the 

calibration measurement monitoring system 
(CMMS) as part of Keysight’s compliance with 
Paragraph 5.9.1 of IEC/ISO 17025. More infor-
mation on CMMS is available at http://literature.
cdn.keysight.com/litweb/pdf/5992-0037EN.pdf

2.  A series of short videos about calibration and 
how it relates making accurate measurements is 
available at www.keysight.com/fi nd/servicevideos

3.  ISO/IEC Guide 98-3:2008, The Guide for Ex-
pression of Measurement Uncertainty

4.  There is a whole fi eld of study to quantify prob-
ability density, consumer risk, producer risk, etc.

Bob Stern graduated from the University of 
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Radio designers working in cellular/4G, 
microwave radio, test equipment and 
military subsystem applications rely 

on high quality local oscillators (LO) in or-
der to meet system level goals for low bit er-
ror rate (BER), low spurious output and low 
phase noise. RF and microwave communica-
tion systems require a clean LO signal source; 
the higher the capacity of the radio, the more 
demanding the requirements on the LO signal. 
There are different architectures in use, but one 

of the most common methods of generating 
a stable LO source is to combine a low phase 
noise voltage controlled oscillator (VCO), with a 
stable reference and a phase-locked loop (PLL) 
to form a frequency synthesizer. However, de-
signers seeking the very best LO performance 
must contend with numerous challenges related 
to the interaction between the PLL/synthesizer, 
VCO, charge pump, and loop filter, not to men-
tion issues that arise due to board layout and un-
wanted power supply noise.
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PLL with Integrated 
VCO Enables 
Compact Solutions
Analog Devices Inc.
Norwood, Mass.

TABLE 1
PERFORMANCE SUMMARY FOR NEW ANALOG DEVICES PLLs FOR COMMUNICATIONS SYSTEMS

Part Number Frequency 
Ranges (GHz)

Phase Noise  
(dBc/Hz) 

@ 10 MHz Offset, 
Integer Mode* 

FCOMP = 50 MHz,  
BW = 100 kHz

Phase Noise  
(dBc/Hz)  

@ 1 MHz Offset,  
Open-Loop VCO

POUT  
(dBm)

RMS Jitter 
Fractional 
Mode (fS  )

Int. Phase Noise 
Fractional Mode  

(° rms)

HMC830LP6GE 0.025 to 3 –114 @ 2 GHz –141 @ 2 GHz +5 159 0.114 @ 2 GHz

HMC832LP6GE 0.025 to 3 –114 @ 2 GHz –139 @ 2 GHz +7 159 0.114 @ 2 GHz

HMC835LP6GE 0.33 to 4.1 –105 @ 4 GHz –133 @ 4 GHz +7 <160 0.23 @ 4 GHz

HMC764LP6CE 7 to 8.2 –102 @ 7.6 GHz –140 @ 7.6 GHz +15 196 0.55 @ 7.6 GHz

HMC765LP6CE 7.8 to 8.5 –102 @ 8.2 GHz –139 @ 8.2 GHz +13 193 0.58 @ 8.2 GHz

*Figure of merit (FOM) of synthesizer is –221 dBc/Hz/–226 dBc/Hz (fractional/integer).
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Procedure for how to use the N, TNC and 7/16 Push-On male. Push-On Con-
nectors mate with any standard female connector of  the same connector style.

1. Convert your standard Assembly 
into a Push-On Assembly using the 
Nf  to Nm Push-On Adapter.

2. Put your fingers firmly onto the 
knurls of  the “Lock Nut”.

3. Push “Lock Nut” forward and engage 
the Push-On end of  the Adapter with the 
mating female. Back nut must be released.

4. The Connection has been complet-
ed, easy and fast. The connector has 
been locked on safely.

5 . To unlock (when “Back Nut” is in 
unlocked mode) push the “Lock Nut” 
forward and stop reverse movement by 
setting your fingers onto the “Back Nut”.

6. Keep fingers on “Back Nut” to 
ensure that “Lock Nut” cannot slide 
back and pull the connector off.

Procedure for how to use the SMA male and SMA female Push-On connectors. SMA Push-
On Connectors mate with any standard connector of  the same but opposite connector style.

1. Convert your standard cable assembly 
into a Push-On Assembly by threading the 
standard female side of  the adapter onto 
the male connector of  the assembly.

2. Your standard SMA male cable 
assembly is converted into an SMA 
male Push-On Assembly.

3. Just slide the Push-On SMA male 
Connector onto any standard SMA 
female. The connection is securely com-
pleted in seconds.

Please contact us at:
www.spectrum-et.com
Email: sales@spectrum-et.com
Phone: +49-89-3548-040
Fax:    +49-89-3548-0490

4. To disconnect, just pull the connec-
tor off.

1. Convert your standard cable assembly 
into a Push-On Assembly by threading the 
standard female side of  the adapter onto 
the male connector of  the assembly.

2. Your standard SMA male cable 
assembly is converted to a Push-On 
SMA female Cable Assembly.

3. Just slide the Push-On SMA female Con-
nector onto any standard SMA male. The 
connection is securely done in seconds.

4. To disconnect, just pull the connec-
tor off.
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noise VCO. The architecture of the 
PLL with integrated VCO for RF ap-
plications enables high performance 
VCOs with sub-five volt tuning (see 
Figure 1). No op amp is required in 
the loop filter, saving both cost and 
board space, while improving perfor-
mance. The PLL with integrated VCO 
can be locked at one temperature ex-
treme and then operated over the full 
temperature range without the need 
for relocking or recalibration; this ca-
pability is required in high reliability 
applications, but not fully supported 
by some competing solutions.

As shown in Figure 2, these de-
vices offer excellent phase noise per-
formance that is typically 10 dB better 
than competing devices both in-band, 
and at the far out noise floor, all with-
out the need to choose between low 
spurious or low noise modes. The 
typical -55 dBc integrated noise from 
100 Hz to 1 MHz is equivalent to 0.1° 
of rms jitter, or 278 fs rms at fOUT = 
1 GHz.

As shown in Figure 3, the  
HMC830LP6GE represents a signifi-
cant improvement over alternative in-
tegrated solutions. For example, it of-
fers approximately 5 dB lower close-in 

Analog Devices has developed a 
core expertise in frequency generation 
components such as MMIC VCOs, 
phase-locked oscillators (PLO), low 
noise prescalers, phase-frequency de-
tectors (PFD), and a line of dual mode 
(fractional/integer) PLL/synthesizer 
ICs with RF input frequencies to 13.6 
GHz. Their new PLL with integrated 
VCO products for communications 
systems are summarized in Tables 1 
and 2.

These products implement an ad-
vanced fractional-N synthesizer and 
an ultra low noise VCO in a standard 
5 or 6 mm QFN plastic package; this 
high level of integration minimizes the 
number of external components. They 
were designed for ultra low phase 
noise commercial and military appli-
cations and include a very low noise 
phase frequency detector (PFD), a 
precision controlled charge pump, 
and an advanced modulator design 
that allows ultrafine frequency steps. 
Ultra low phase noise and low spuri-
ous also permit architectures with 
wider loop bandwidths for faster fre-
quency hopping and low microphon-
ics; spurious outputs are low enough 
to eliminate the need for costly direct 
digital synthesis (DDS) references in 
many applications.

PLLs WITH INTEGRATED VCOs 
FOR RF MARKET APPLICATIONS

The HMC830LP6GE is one of 
eight wideband PLL with integrated 
VCO products which are targeted to 
cellular/4G, IF of microwave back-
haul, and test and measurement ap-
plications. Each product within the 
family combines the functions of a 
high performance fractional-N PLL/
synthesizer with a fully integrated low 

V Fig. 1  Tuning voltage vs. frequency for the 
HMC830LP6GE PLL with integrated VCO.
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TABLE 2
PERFORMANCE SUMMARY FOR NEW ANALOG DEVICES PLLs FOR  

COMMUNICATIONS SYSTEMS

Part 
Number

Frequency 
Ranges 
(GHz)

Phase Noise  
(dBc/Hz)  
@10 kHz 
Offset*

Phase Noise 
(dBc/Hz) @ 1 
MHz Offset,  
Open-Loop 

VCO

POUT  
(dBm)

RMS Jitter 
Fractional 
Mode (fS  )

Int. Phase 
Noise 

Fractional 
Mode  

(° rms)

ADF5355 0.05 to 13.6 –90  
@ 6.8 GHz

–132  
@ 6.8 GHz

–3 150 –221

ADF4355-2 0.05 to 4.4 –95  
@ 3.4 GHz

–138 
@ 3.4 GHz

+3 150 –221

*Integer Mode, FCOMP = 61.44 MHz, BW = 20 kHz
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sizes, while the integrated PLL and 
VCO are fabricated on an advanced 
BiCMOS process significantly reduc-
ing package size and power consump-
tion compared to discrete GaAs im-
plementations. Furthermore because 
a single PLL synthesizer can be con-
figured to operate from 55 MHz to 
13.6 GHz, designers can more quickly 
reconfigure their system designs and 
reduce their parts inventory while still 
supporting multiple frequency bands.

MICROWAVE MARKET 
APPLICATIONS

The HMC764LP6CE PLL is opti-
mized for narrow-band but high per-
formance microwave communication 
applications. These products offer the 
same exceptional microwave VCO 
performance which Analog Devices is 
recognized for, with the added func-
tionality of an advanced, integrated 
fractional synthesizer. Typical applica-
tions include microwave and millime-
ter-wave radios, industrial/medical test 
equipment, military communications, 
electronic warfare (EW), and electron-

phase noise, and a 7 dB lower phase 
noise floor at offset frequencies greater 
than 20 MHz, compared to another 
competing part. The HMC830LP6GE 
offers better spurious performance, 
with much lower fractional spurs 
across the band and a cleaner overall 
spectral output and provides consis-
tent over temperature performance at 
the band edges, to ensure no “drop-
outs” are experienced.

The ADF5355 PLL with integrated 
VCO covers 55 MHz to 13.6 GHz, the 
widest in its class, while the ADF4355-2 
covers 55 MHz to 4.4 GHz. Both parts 
integrate low phase noise VCOs de-
livering phase noise of -138 dBc/Hz 
at 1 MHz offset, at 3.4 GHz for the 
ADF4355-2 while the ADF5355 de-
livers phase noise of -132 dBc/Hz at 1 
MHz offset at 6.8 GHz.

The VCO phase noise performance 
of the ADF5355 and ADF4355-2 is 
achieved through unique VCO topol-
ogies and architectures that were de-
veloped in conjunction with ADI’s new 
advanced SiGe-BiCMOS processes. 
In ultra-wideband RF and microwave 
communications applications, this low 
phase noise has the benefit of improv-
ing overall system bit error rates and 
increasing data throughput while en-
abling better noise immunity and wid-
er dynamic range.

ADI’s new, cost-effective, ul-
tra-wideband PLL synthesizer 
ICs also feature up to 125 MHz 
phase comparator frequency and 
38-bit resolution, which lowers jit-
ter and allows for very fine step 

V Fig. 3  Worst spur, fixed 50 MHz refer-
ence, output frequency = 2 GHz.
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V Fig. 2  SSB phase noise vs. offset frequency for the HMC830LP6GE PLL with integrated VCO.
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Each reference designer’s kit con-
tains the Analog Devices ADIsimPLL 
design tool allowing users to tailor the 
standard evaluation PCB loop filter 
to their specific application. Compre-
hensive PC-based PLL control soft-
ware is provided, with PC-compatible 
register files to program the PLL via 
the USB interface. ADI’s group of ap-
plications engineers is also available to 
help customers quickly become famil-
iar with this unique product.

Analog Devices PLL with integrat-
ed VCO products uniquely combine 
the attributes of low phase noise, ad-
vanced features, and small size, mak-
ing them ideal for numerous small 
form factor applications including mi-
crowave/millimeter wave radios, test 
equipment, microwave sensors, fiber 
optic communications, and military 
communications and sensors.

 
Analog Devices Inc. 
Norwood, Mass.  
www.analog.com

ic countermeasure (ECM) subsystems.
As shown in Figure 4, the  

HMC764LP6CE exhibits consistent 
tuning sensitivity and high output 
power of up to 16 dBm across its 
bandwidth, making it ideal for di-
rectly driving the LO port of many of 
Analog Devices high linearity, double 
balanced and I/Q mixer and up and 
down-conversion products. The single 
sideband (SSB) phase noise perfor-
mance vs. offset frequency for the 
low, mid and high frequency range of 
the HMC764LP6CE is shown in Fig-
ure 5. This data was measured with 
a reference frequency of 50 MHz, a 
loop bandwidth of 100 kHz, and in the 
presence of a comparison frequency 
of 50 MHz at the PFD. The phase 
noise performance is consistent over 
temperature and mechanical shock, 
due to the monolithic construction. A 
built-in FSK mode allows the device 
to be used as a simple, low cost direct 
FM transmitter source.

Hybrid-based synthesizers typically 
employ a fiberglass-based substrate ma-
terial with a discrete VCO, a large reso-
nator, and a stamped metal cover that 
can present problems in users’ systems 
related to RF grounding as well as un-
wanted electrical and microphonic cou-
pling effects. Analog Devices PLLs with 
integrated VCOs have much smaller 
monolithic resonators and hence offer 
better microphonic performance com-
pared to larger hybrid designs.

Developing a high performance 
programmable local oscillator can 
still require considerable design time. 
Therefore Analog Devices has devel-
oped a PLL with integrated VCO ref-
erence designer’s kit that enables im-
mediate measurement of the design 
at hand. The typical evaluation PCB is 
part of an easy to use, universal evalu-
ation kit which can minimize design 
time and facilitate rapid prototyping. 
The reference designer’s kit includes 
an on-board reference oscillator and 
voltage regulators, and supports uni-
versal loop filter configurations. In-
cluded software allows the user to 
program the PLL and access its ad-
vanced features. The guide includes a 
comprehensive discussion of the com-
ponents used within the evaluation 
board, and covers advanced topics 
such as reconfiguring the evaluation 
board for an external reference, and 
implementing on-board selectable or-
der passive or active loop filters.

V Fig. 4  Tuning sensitivity and RF 
output power vs. output frequency for the 
HMC764LP6CE PLL with integrated VCO.
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V Fig. 5  SSB phase noise vs. offset 
frequency for the HMC764LP6CE PLL with 
integrated VCO.
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Push the limits of frequency 
without sacrificing performance. 
Cobham Inmet’s new Powerfilm 
surface-mount attenuators vary 
with temperature and are the 
perfect balance of price, power, 
and dependability. They offer the 
flattest broadband performance 
of their kind and allow you to 
create automatic- and passive-link 
margin compensation on a wider 
variety of transmit and receive 
chain circuit applications.

■ Operation: DC to 12 GHz

■  Superior RF attenuation  
vs. temperature

■  Excellent return loss  
vs. frequency

■  Great pricing

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

Cobham Inmet  
888-244-6638 
www.cobham.com/Inmet

Meet the magic number for two-watt 
temperature-variable attenuators.
The most important thing we build is trust

C
O

BHAM 1934 - 2
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4

Cobham Inmet formerly Aeroflex / Inmet

See our datasheets for  
full characterization data.
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Linear Technology’s 3 to 8 GHz wideband 
mixer is optimized for up-conversion ap-
plications. The LTC5576 comprises an 

active double-balanced mixing core built using 
an advanced SiGe BiCMOS process. Benefits 
include low conversion loss – only 2 dB at 8 GHz 
– excellent port-to-port RF isolation and an out-
standing output third-order intercept (OIP3) of 

+25 dBm. The mixer has an integrated local os-
cillator (LO) buffer that eliminates the need for 
external LO amplifiers and an on-chip broad-
band RF output transformer that allows the 
mixer to operate over the wide frequency range 
of 3 to 8 GHz. The device has excellent dynamic 
range, with a noise floor of -154 dBm/Hz.

BETTER THAN PASSIVE MIXERS
Compared with traditional microwave mix-

ers, the LTC5576 offers several marked im-
provements. Most passive microwave mixers 
utilize GaAs microwave FETs or diode bridge 
topologies, which typically have 7 to 9 dB of 
conversion loss. As a result, an external high 
linearity microwave amplifier is usually needed 
to increase the signal level to a suitable output 
for transmitter applications. This requires ad-
ditional circuitry. The LTC5576 has only 2 dB 
of conversion loss at 8 GHz, and performance 
is even better below 5.8 GHz, with only 0.6 dB 
loss. This new mixer produces higher output 
signals, reducing the need for additional exter-
nal amplification. Requiring less gain after the 
mixer stage, the LTC5576 also improves the 
overall transmitter noise.
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Broadband  
Up-Conversion Mixer 
Offers High Linearity 
and Isolation
Linear Technology Corp.
Milpitas, Calif.

V Fig. 1  Wideband up-conversion mixer implementation.
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MILLIM�ER-WAVE
COMPONENTS,
SUB�SEMBLI� 
AND SOLUTIONS

M I L L I M E T E R - W A V E   T E C H N O L O G Y

AMERICAN GLOBAL STANDARDS ISO 9001 : 2008 Certified www.spaceklabs.com

For over 32 years, Spacek Labs 
has been dedicated to providing 
the highest quality millimeter-wave 
and microwave components and 
subassemblies for commercial, 
military and space applications.  
From 10 to 110 GHz, we have 
standard designs or we can 
design and build for your 
specific requirements. 
Give us a call with your needs 
and we will put together the 
perfect solution for you!

mizes external circuitry. Housed in 
a 4 × 4 mm QFN plastic package, it 
is a compact solution. The mixer can 
be powered from a single 3.3 or 5 V 
supply and draws 99 mA. The device 
is rated for operation from -40° to 
105°C case temperature.

 
Linear Technology Corp. 
Milpitas, Calif. 
www.linear.com

1, the output is matched to 50 � from 
4.5 to 8 GHz. The LO input port is 
also single-ended and matched to 50 � 
from 100 MHz to 8 GHz.

The LTC5576’s low conversion 
loss, wide frequency range, high OIP3 
and low LO leakage provide superior 
transmitter performance in a wide 
range of microwave radio, wireless 
communication, radar, avionics and 
test instrumentation applications (see 
Table 1). Its unique topology mini-

LO input level is another area of 
improvement. Passive mixers typically 
require moderately high drive level, 
from +10 to as high as +17 dBm. If the 
mixer is driven from a relatively mod-
est power PLL/synthesizer, a power 
amplifier is needed to boost the LO 
drive. Designing high power RF and 
microwave amplifiers requires extra 
caution because the reverse isolation 
can allow LO power to leak back to 
the VCO, leading to appreciable VCO 
frequency pulling. To prevent this, 
two stages of LO buffer are often used 
to ensure adequate reverse isolation. 
The LTC5576’s 0 dBm LO drive to 
its integrated buffer blocks reverse 
leakage. It also suppresses forward 
leakage to the RF output, reducing 
the output RF filtering to meet out-
of-band emission requirements. The 
LTC5576’s LO drive does not require 
tight tolerance. It is much more for-
giving compared to passive mixers, 
delivering good IP3 over a wide varia-
tion of LO power.

Having a high power LO signal pres-
ent on the PC board can be a source 
of undesirable radiation or coupling to 
other sensitive parts of the system. This 
may require extensive RF shielding 
to enclose the high power circuit and 
contain the radiation. The LTC5576’s 
lower LO drive power reduces or elim-
inates the need for external RF shield-
ing, resulting in cost savings.

Most passive mixers are limited in 
operating frequency, typically sup-
porting 2 to 3 GHz. With a selected 
baseband balun transformer (see 
Figure 1), the LTC5576’s input is 
matched to 50 �  from 30 MHz to 3 
GHz. Higher frequency operation to 
6 GHz is possible with a 6 GHz bal-
un. On the RF output port, the mixer 
has an on-chip balun transformer that 
provides a single-ended interface. 
With appropriate impedance match-
ing, the RF output operates from 3 to 
8 GHz. In the circuit shown in Figure 

ProductFeature

TABLE 1
LTC5576 PERFORMANCE SUMMARY

• � TO � '(Z WIDEBAND UP
CONVERSION MIXER

• �� D"M /)0� AT � '(Z

• � D" CONVERSION LOSS AT � '(Z

• � D"M ,/ DRIVE

• ��� D"M ,/
TO
2& LEAKAGE
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Electromagnetic interference (EMI) can 
plague even the best RF/microwave de-
signs and requires careful planning to 

control. Designers working with electromag-
netic (EM) fields are constantly faced with the 
threat of stray EM energy leaking into other 
parts of a circuit or system. EMI can disrupt 
the performance of the circuit where it origi-
nates as well as nearby circuits and systems. 
Two approaches can reduce or shield EM 
emissions from a device or system and improve 
its immunity. The first is shielding the printed 
circuit board (PCB) through proper design 
techniques. The second is placing the device or 
system in a shielded enclosure.

Orbel Corp. produces shielding products for 
both the printed circuit board (i.e., board-level 
shielding) and system (i.e., gasketing). Device 
manufacturers rely on shielding suppliers like 
Orbel for the technical capabilities and knowl-
edge needed to suppress EMI, since shielding 
remains challenging.

BOARD-LEVEL SHIELDING
A board-level shield can be viewed as a 

five-sided can. Available in unlimited sizes, 

shapes and heights, board-level shield-
ing (BLS) is placed around the component 
or circuit on the printed circuit board that 
needs to be shielded. The shield restricts to 
acceptable levels the electromagnetic energy 
propagating between the source and a recep-
tor. BLS can be manufactured in one-piece, 
two-piece, multi-cavity and custom configu-
rations. When designing and manufacturing 
BLS, consider the following to achieve the 
most effectiveness:

Near field effects: When the shield is in 
the near field of the source, shielding perfor-
mance will be affected by the frequency, field 
configuration, position of the source and dis-
tributed inductances and capacitances. The 
coupling of the source to the shield, the effect 
of mutual coupling between elements, shield 
termination and grounding technique all need 
to be taken into account.

Layout and hole considerations: The 
effectiveness of BLS is highly dependent on 
the proper design of the printed circuit board 
mounting area. Normally, the sixth side of this 
“can” will be a ground plane on the board. The 
number and spacing of traces, vias and holes 
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Controlling EMI 
with Board Level 
Shielding and 
Gasketing
Orbel Corp.
Easton, Pa.
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Beryllium copper gaskets: BeCu 
gaskets (see Figure 1) offer the high-
est level of attenuation over the wid-
est frequency range and are useable in 
both compression and shear applica-
tions. Solid fi ngers have greater cross-
sectional area, hence higher conduc-
tivity. The fi nger shape has the charac-
teristics of an interconnecting ground 
plane with a large contact area; there-
fore, the inductance will be low. The 
slots between the fi ngers can create 
potential problems, depending on the 
frequency range. At suffi ciently high 
frequencies, these slots begin to per-
mit RF energy transmission through 
the bounded slot confi guration.

Metalized fabric gaskets: These 
gaskets are made of conductive fab-
ric material over foam (see Figure 2). 
Conductivity can be very low and hence 
offer very high attenuation, the amount 
determined by the level and matrix of 
the conductive particles and the com-
pression force. Gaskets come in vari-
ous styles and shapes (e.g., rectangular, 
square, D, bell, knife) that allow com-
pression ranges down to low values.

Since 1961, Orbel’s custom design 
and manufacturing process has en-
abled unique engineered solutions 
for a variety of applications and indus-
tries. From conception through deliv-
ery, Orbel offers today’s most effective 
EMI/RFI shielding, photo-etched 
precision metal parts, precision metal 
stampings and electroplated metal 
foils. Areas of specialization include 
RF/microwave, aerospace, telecom-
munications, electronics, medical, au-
tomotive and manufacturing.

Orbel Corp.
Easton, Pa.
www.Orbel.com

running from the shielded area to oth-
er board components will determine 
the effectiveness of BLS.

Resonances: Another issue with 
higher frequencies is the resonance 
effect, meaning coupling as a conse-
quence of the self-resonance of vari-
ous structures. For example, the fi rst-
order mode of a 2 × ½-inch enclosure 
is about 12 GHz. Even weak coupling 
at these high frequencies can induce 
strong oscillations that couple to other 
points in the enclosure.

Thermal management: As devic-
es become faster, they generate more 
heat. Hence, thermal management is 
also a design factor. Thermal manage-
ment can be achieved through the use 
of thermal pads and heat sinks. Com-
panies like Orbel can assist with de-
sign options.

GASKETING
Gasketing maintains shielding ef-

fectiveness through proper seam 
treatment. In general, seams account 
for most of the leakage in an enclosure 
design. The shielding effectiveness of 
a seam depends on materials, contact 
pressure and surface area. Gaskets 
maintain conductive contact across 
mating surfaces. A solution to radi-
ated problems is to make all seams of 
adjoining metal pieces continuous. If 
there is no continuity between metal 
pieces, a radiating aperture for RF is 
created. This is where gasketing can 
be used. Chosen based on specifi c 
shielding effectiveness requirements, 
application atmosphere and spatial 
specifi cations, both beryllium copper 
(BeCu) gaskets and metalized fabric 
gaskets can be used to ensure maxi-
mum EMI compliance.

V Fig. 1  BeCu gaskets from Orbel provide 
high EMI shielding effectiveness and are 
available in a variety of fi nishes.

V Fig. 2  Metalized fabric gaskets are 
manufactured with a polyurethane foam core 
and nickel-plated copper-conductive fabric.
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32 to 36 GHz Power Ampli�er
• AHP-34043530-01

Gain: 30 dB (Min)
 

• Gain Flatness: +/-2.0 dB (Max)
•  P-1dB: 34 dBm (Typ), 33 dBm (Min)

•

 

26.5 to 40.0 GHz Low Noise Ampli�er
• ALN-33144030-01

Gain: 30 dB (Min)
• Gain Flatness: +/-1.0 dB across the 

band
•
 
 Noise Figure: 4.0 dB (Typ)

•

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

• Broadband, Low noise with high gain 

PHOTOPHOTO

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

standard and custom millimeter 
wave ampli�ers.
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TechBriefs

modes allow the user to define the 
start and stop frequencies and the 
sweep can go from high to low by set-
ting the stop at a lower frequency.

The unit works with Windows 
XP, Windows 7 and Windows 8, and 
software upgrades are supplied free 
of charge. In addition, the ASG has 
a non-volatile memory that retains 
all settings. It can have the USB re-
moved and power cycled recalling its 
last known state. 

The clean output signal combined 
with power levels to +13 dBm, control-
lable on 0.1 dB steps; make the series 
suitable for use in most RF theatres of 
application including test and measure-
ment, communications systems, covert 
interception and countermeasures.

 
AtlanTecRF  
Braintree, Essex, UK  
www.atlantecrf.com

Compact Miniature 
Signal Generator

T he ASG miniature signal gen-
erator combines exceptional RF 
performance and versatility of 

digital interface in a highly compact 
package – just 21 w 72 w 100 mm and 
weighing less than 300 g. In addition 
to the ultra-wide frequency range 
of 25 to 6000 MHz, tunable in 1 Hz 
steps, the spearhead of RF perfor-
mance of these ASG modules is in the 
spectral purity of their output signal. 
Phase noise at an output frequency of 
1 GHz is better than -106 dBc/Hz at 
an offset of 100 kHz from the carrier. 
Spurious are typically lower than -70 
dBc and harmonics less than -25 dBc.

The versatile ASG digital inter-
face provides control options which 
include direct USB with convenient 
and clearly functional GUI plus in-
put power derivation. Each unit also 

has the capability of being driven by 
RS232. Additionally, for both the 6 
GHz version and its 3 GHz sibling 
there is an option of Ethernet con-
trol, thereby allowing totally remote 
and unattended operation in the field, 
with all of the logistical and cost ad-
vantages that provides.

Frequency stability is determined 
by an internal TCXO with ±1 ppm 
maximum variation over the -20° to 
+50°C operating temperature range 
but the miniature signal generator can 
also be connected to an external refer-
ence of between 10 and 50 MHz where 
system stability tracking is required.

The miniature signal generator 
is able to generate swept frequency 
signals and step through a range of 
frequencies. There are two sweep 
modes, dwell and duration. Dwell al-
lows the user to set the dwell time at 
each step, while duration provides a 
user defined total sweep time. Both 
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Compact 1.8 to 12.5 GHz 
Power Splitter/Combiner

M ini-Circuits is offering a new 
broadband power splitter/
combiner covering 1.8 to 

12.5 GHz in a compact 4 � 4 mm 
surface-mount plastic package.

The ports of the EP2C+ are tightly 
matched, with the typical amplitude 
imbalance only 0.1 dB from 1.8 to 3.8 
GHz, 0.2 dB from 3.8 to 8.5 GHz and 
0.7 dB from 8.5 to 12.5 GHz. When 
used as a power splitter, the two out-
put ports are in phase, with the typical 
phase imbalance 3, 6 and 11 degrees, 

respectively, across the 1.8 to 3.8, 3.8 
to 8.5 and 8.5 to 12.5 GHz frequency 
segments. Added insertion loss above 
the theoretical 3 dB power split is 
typically 0.8, 1.1 and 1.8 dB across 
the same frequency bands. Isolation 
is typically 10 dB at the low end of 
the frequency range and 17 dB at the 
upper end. VSWR is low, typically no 
greater than 1.5:1 at the common port 
and 1.6:1 at either of the two legs.

As a splitter, the EP2C+ will han-
dle up to 1.85 watts input power and 

is designed to operate from �40º to 
+85ºC. The RoHS compliant device 
has a Class 2 human-body model 
(HBM) ESD rating. Containing no 
blocking capacitors, the frequency 
response of the EP2C+ extends to 
DC, and it will carry up to 400 mA 
current.

 
Mini-Circuits 
Brooklyn, N.Y. 
www.minicircuits.com

5M49-50 FINAL.indd   130 4/30/15   8:15 AM

http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=130&exitLink=http%3A%2F%2Fwww.atlantecrf.com
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=130&exitLink=http%3A%2F%2Fwww.minicircuits.com


FREEDOM THROUGH MICROWAVES
EuMW 2015 6 - 11 SEPTEMBER  2015

PALAIS DES CONGRÈS DE PARIS, FRANCE

For International Sales: For US Sales:

EUROPEAN MICROWAVE WEEK 2015
PALAIS DES CONGRÈS, PARIS, FRANCE

6 - 11 SEPTEMBER 2015

EUROPE’S PREMIER MICROWAVE,
RF, WIRELESS AND RADAR EVENT

INTERESTED IN EXHIBITING?
Kristen Anderson

Client Services Manager
E: kanderson@mwjournal.com

Tel: +1 781 769 9750

Richard Vaughan
International Sales Manager

E: rvaughan@horizonhouse.co.uk
Tel: +44 20 7596 8742

The Exhibition (8th - 10th September 2015)
• 10,000 sqm of gross exhibition space
• 5,000 key visitors from around the globe
• 1,700 - 2,000 conference delegates
• In excess of 300 international exhibitors 

(including Asia and US as well as Europe) 

The Conferences:
• European Microwave Integrated Circuits Conference (EuMIC)
• European Microwave Conference (EuMC)  
• European Radar Conference (EuRAD) 
• Plus Workshops and Short Courses 
• In addition EuMW 2015 will include 
 the ‘Defence, Security and Space Forum’

www.eumweek.com

Co-sponsored by:Co-sponsored by: Co-sponsored by:

Offi cial Publication: Organised by: Supported by: Co-sponsored by: Co-sponsored by:

Scan page
using           app

MWJEUMWEEK1014.indd   131 4/29/15   11:25 AM

http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=131&exitLink=mailto%3Akanderson%40mwjournal.com
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=131&exitLink=mailto%3Arvaughan%40horizonhouse.co.uk
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=131&exitLink=http%3A%2F%2Fwww.eumweek.com
http://www.mwjournal-digital.com/mwjournal/201505/TrackLink.action?pageName=131&exitLink=http%3A%2F%2Fwww.eumweek.com


TechBriefs

use of adaptive coding and modula-
tion (ACM) allows unused link margin 
to be converted into higher through-
put. 

The Q-MultiFlex has a BNC IF 
interface, with dual bands covering 
50 to 90 and 100 to 180 MHz, and a 
Type-N L-Band interface covering 
950 to 2150 MHz. The data interface 
is a standard Gigabit Ethernet RJ45 
connection. 

Teledyne Paradise Datacom 
Rancho Cordova, Calif. 
www.paradisedata.com

Cost-Effective Multi-
Demodulator for  
IP Networks

T eledyne Paradise Datacom has 
developed a cost-effective solu-
tion for satellite point-to-multi-

point RF networks using the Internet 
Protocol (IP). The Q-MultiFlex™ 
combines an “outbound” modulator 
with demodulators for up to 16 return 
carriers within a 72 MHz bandwidth.

The Q-MultiFlex system is scalable 
to any network size and can handle 
star, mesh and hybrid point-to-multi-
point topologies. Typical applications 
include cellular backhaul, IP distribu-
tion, government, enterprise, and oil 
and gas networks.

The modulator supports the band-

width-efficient DVB-S2X standard, 
with spectral roll-off factors as low as 
5 percent. The outbound data rate can 
be as high as 160 Mbps. The demodu-
lators process FastLink™ low-latency, 
low density parity check (LDPC) re-
turn carriers, with a maximum cumu-
lative data rate of 160 Mbps across all 
carriers.

The system incorporates three 
features to optimize the bandwidth, 
especially important in satellite ap-
plications. In addition to DVB-S2X 
modulation, Paired Carrier™ overlays 
the transmit and receive carriers to 
reduce bandwidth by 50 percent. The 
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Doubled Lifetime Coaxial Switch  
for ATE Applications

D ow-Key Microwave has dou-
bled the design life of their 
5�5-series DC to 18 GHz 

multi-position switch from 1 to 2 mil-
lion cycles. The switch is ideal for 
ATE applications where many DUTs 
repeatedly need to undergo testing. 
The break-before-make coaxial switch 
comes in SP3T, SP4T and SP6T con-
figurations and are normally open 
until actuation. Insertion loss is less 
than 0.5 dB at 18 GHz, with isolation 
at least 60 dB and VSWR no greater 
than 1.5:1. As expected, loss, isola-
tion and VSWR are better at lower 
frequencies: 0.2 dB, 70 dB and 1.2:1, 
respectively, at 4 GHz. Switching time 
is 20 msec maximum.

The switches are available with var-
ious options such as TTL or non-TTL 
control, and offered with standard coil 
voltages 12 or 28 V. Other voltages can 
be selected upon request. SMA-type 
connectors provide the input and 
output RF interface. The operating 
temperature range is -25° to +65°C. 
The 2 million cycles switch has a small 
footprint with the size of only 1.755" 
× 1.755" × 1.97". The standard solu-
tion is RoHS compliant but can be 
designed without RoHS materials if 
needed.

 
Dow-Key Microwave 
Ventura, Calif. 
www.dowkey.com
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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 electron-
ics 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

Custom Rack Mount 
Test Equipment Guide

Mini-Circuits’ Custom Rack 
Mount Test Equipment Guide is a 
52-page, full color brochure show-
casing a wide selection of custom 
test solutions ranging from DC 
to 18 GHz including amplifi ers, 
signal generators, routing and dis-
tribution systems, and more.  The 
brochure highlights Mini-Circuits’ 
ability to deliver affordable, reli-
able custom test solutions with 
turnaround times as fast as two 
weeks as well as the company’s us-
er-friendly control software, pro-
gramming support and test accessories. To request a copy, email sales@
minicircuits.com. 
Mini-Circuits
www.minicircuits.com 

EMC & RF Testing 
Product Catalog

A brand new edition (1st half of 
2015) of AR’s complete full line 
product catalog is now available. 
“Expanding Products & Capabili-
ties to Meet Your RF and EMC 
Testing Needs,” features new 
products, including the new line 
of electromagnetic safety prod-
ucts, refreshed page layouts, de-
tails on the company’s new part-
nership with MVG and more. 
Please contact your local AR sales 
associate for a hard copy or visit 
AR’s website at www.arworld.us/html/catalogRequest.asp for a free down-
load, in full or by section.
AR RF/Microwave Instrumentation
www.arworld.us

Power of Wireless

The new Keysight Technologies 
application note, “Solutions for 
Testing Data Throughput Per-
formance in LTE-A User Equip-
ment” provides insight into sim-
plifi ed, real-world functional and 
RF test of LTE-A user equipment 
(UE) performance using a fast, 
fl exible and future-ready one-box 
tester. It is the newest in the series 
of Keysight’s Power of Wireless 
application notes designed to pro-
vide a better understanding into 
the intricacies of the continuously 
evolving wireless industry and 
help users accelerate development of their products. 
Keysight Technologies Inc.
www.keysight.com/fi nd/powerofwireless

Air Traffi c Control 
Rotary Joints

The new second edition of SPIN-
NER’s Air Traffi c Control Rotary 
Joints catalogue covers all rotary 
joints for civil and military ATC ra-
dars. This edition refl ects the lat-
est developments for this demand-
ing market with high reliability. 
Starting from 3 channels up to 9 
channels, S and L-Band solutions 
are available from Europe’s lead-
ing system house of rotary joints. 
Customized solutions used for 
ATC radar applications can be 
made available on short notice.
SPINNER GmbH
www.spinner-group.com
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CatalogUpdate

SPINNER EasyDock

The SPINNER EasyDock is a 
spring-mounted measurement 
adapter that guarantees perfect 
contact and reliable operation 
even when the axes of the test de-
vice and the adapter are not per-
fectly aligned. It tolerates devia-
tions in all planes and directions 
and the conical intake ensures 
that the adapter and the test de-
vice slide together reliably even if 
they are not centered and aligned. 
Moreover, the precision of the 
measurement process is totally un-
affected by mechanical tolerances.
SPINNER GmbH
www.spinner-group.com

CRM/TEG-14

Custom Rack Mount  
Test Equipment Guide

Mini-Circuits®

ISO 9001   ISO 14001   AS 9100  CERTIFIED

www.minicircuits.com
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RF/Microwave Training Series
Presented by: Besser Associates
• RF and Microwave Filters

Technical Education Training Series
•   Linearity: The Key to Successful Data Transmission in 

Cable and Beyond
• Narrowband Combline Filter Design with ANSYS HFSS
•  Advanced Multi-Emitter Radar Simulation with Off-the-Shelf 

T&M Equipment
•  Multipactor Basics and How Numerical Analysis Can Safely 

Increase Margins
•  Understanding Filter Technology and the Selection Process 

Including Qorvo’s Specialized LowDrift™ and NoDrift™ Filters
•  EMIT 4.0 − The Next Generation in RF Cosite Interference 

Modeling and Simulation
•  Effect of Laminate Properties on PIM Distortion in Microstrip 

Transmission Lines
• Modern Trends in Broadband Diode Mixers
• Practical Antenna Design for Advanced Wireless Products
• RF and Microwave Heating with COMSOL Multiphysics
•  Tips and Techniques for Making Microwave Vector Network 

Analysis Measurements in the Field
•  Marchand Balun and Its Evolution into Modern Microwave 

Systems
•  Design Challenges for Handset Power Amplifi ers Due to LTE-

Advanced

CST Webinar Series 
• CST STUDIO SUITE 2015 Update Webinar on MW&RF Simulation
• CST STUDIO SUITE 2015 Update Webinar on EDA/EMC Analysis
• Simulation-Enabled 5G Design
• Antennas for Automobile Applications

Keysight in LTE/Wireless Communications Series
• LTE-Advanced: 3GPP Release 12 and 13
• 802.11ah, Bluetooth LE, Zigbee and Wi-SUN Test for IoT/M2M

Innovations in EDA
Presented by: Keysight Technologies
• How to Design an RF/Microwave Power Amplifi er: The Basics
•  Understanding 5G and How to Navigate Multiple Physical 

Layer Proposals
•  RF System Design, Prototype & Production with X-Parameters 

in One Pass

Keysight Technologies Webcast
•  Addressing Multi-Channel Synchronization for MIMO and 

Beamforming Test
•  Bridging the Gap from Benchtop to PXI: A Common Software 

Strategy
•  MVG-Orbit/FR µ-Lab − A Compact Integrated Test Facility for 

mm-Wave Antenna Testing
•  One Size Does Not Fit All − Choose the Right Instrument Form 

Factor
• Laser Test of RIN, Linewidth and Optical Noise Parameters
•  Non-Destructive Testing of Powders, Ceramic, Oils and Other 

Composite Materials

FieldFox Handheld Analyzers Series
Presented by: Keysight Technologies
•  Transmission Line Theory and Advanced Measurements in the 

Field

RF and Microwave Education Series
Presented by: Keysight Technologies
•  Understanding Available Measurement Techniques for 

Spurious or Unknown Signals

Presented by:

Past Webinars On Demand

May Short Course Webinars
Keysight in Wireless Communications
A Flexible Testbed for 5G Waveform Generation 
and Analysis
Live webcast: 5/7/15

Register to attend at
mwjournal.com/webinars

RF/Microwave Training
Mixers & Frequency Conversion
Sponsored by: Mini-Circuits
Live webcast: 5/12/15

Scan page
using           app
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New Products
FOR MORE NEW PRODUCTS, VISIT WWW.MWJOURNAL.COM/BUYERSGUIDE 
FEATURING V  STOREFRONTS

Components
Public Safety Filter 

3H Communication 
Systems designs and 
manufactures a com-
plete line of public safe-
ty filters and multiplex-
ers for first responders 
for land, mobile, marine 

and aeronautical markets. The filter products are 
suited for VHF, UHF, 700, 800, 900 MHz and 
tetra bands. 3H filter products offer low insertion 
loss and >60 dB co-channel isolation. Filters can 
be designed for high power. Additional frequen-
cy bands and power options are available. For 
more information contact: sales@3hcomm.com.
3H Communications Systems 
www.3hcomm.com

50 W Conduction Cooled 
Termination
Model series 552-308-050 is a 50 W of RF pow-
er (average) rated conduction cooled termina-
tion that has been deployed in commercial and 

military applications. 
This 50 Ohm device has 
an operating frequency 
range of DC to 4 GHz 
and features maximum 
VSWR of 1.35:1. The 

RF connector is N male. Additional heat sink-
ing is required for safe operation of this device 
at 50 W (case temperature must be maintained 
at +100°C or less).
BroadWave Technologies Inc. 
www.broadwavetech.com

8-Way Ku-Band Iso-Divider 

Crane Aerospace & 
Electronics Microwave 
Solutions launched the 
8-way Ku-Band Iso-di-
vider designed for use 
in satellite applications. 
The Iso-divider com-
bines the functions of 
high performance pow-

er dividers with ferrite isolators to provide a 
high isolation power divider solution, making 
the external isolators redundant for satellite re-
ceiver applications without introducing com-
plex switch-based solutions. Integration of the 
two functions into a single package provides 
enhanced product reliability due to fewer exter-
nal components, interconnects and transitions.
Crane Aerospace & Electronics Microwave 
Solutions 
www.craneae.com

6 to 14 GHz Fundamental Mixer 

Custom MMIC announced the release of the 
CMD177C3, a packaged 6 to 14 GHz double-
balanced mixer, to its growing standard product 
library. The CMD177C3 has a low conversion 
loss of 6.5 dB, high LO to RF isolation of 

45 dBc, and a high in-
put IP3 of +18 dBm 
across the 6 to 14 GHz 
bandwidth. The mini-
mum LO drive require-
ment is +9 dBm, with 
saturation reach to lev-

els above +13 dBm.
Custom MMIC 
www.custommmic.com

Space Qualified Isolator 

DiTom Microwave re-
leased a new K-Band 
(18 to 22 GHz) space 
qualified isolator. The 
DS1015 is manufac-
tured to meet or exceed 
environmental space-
level reliability includ-

ing thermal shock, sine and random vibration, 
temperature cycling, and thermal vacuum sur-
vivability over a specified qualification and ac-
ceptance test plan. DiTom’s current space level 
manufacturing process allows for delivery in as 
quickly as four weeks depending on the test re-
quirements. For more information contact 
(559) 225-7042 or email: space@ditom.com.
DiTom Microwave 
www.ditom.com

Two-Way Power Divider
ET Industries, a design-
er of high frequency, 
wideband power divid-
ers, introduced Model 
D-1050-2. This model is 
a two-way power divider 
that operates in a fre-
quency range from 10 to 

50 GHz. The maximum insertion loss is less than 
1.80 dB. Amplitude balance is 0.5 dB maximum 
and phase balance is 5 degrees maximum. The 
minimum isolation is 16 dB and VSWR is 1.70:1 
maximum. Connectors are 2.4 mm female. 
Housing size is 1.15" × 1.06" × 0.5".
ET Industries 
www.etiworld.com

Elliptic Function Highpass Filter
Integrated Microwave 
Corp. offers a high fre-
quency elliptic function 
highpass filter. This 
small-profile filter of-

fers a passband insertion loss of 0.7 dBa from 
5.2 to 13 GHz, with a -3 dBc cutoff at 5.15 GHz. 
The filter provides superior rejection: -20 dBc 
at 4.9 GHz and -40 dBc DC to 4.8 GHz. Perfor-
mance is comparable to a suspended substrate, 
but at one-quarter the size and cost.
Integrated Microwave Corp. 
www.imcsd.com

Low PIM 10 W Terminations 

MECA now offers a new 
line of 10 W termina-
tions, with industry lead-
ing PIM performance of 

-175 dBc typical to <-165 dBc (2�5 W), -165 
dBc Typical to <-155 dBc (2�20 W tones, ad-
ditional heat sink required), while handling full 
rated power to +85°C. All terminations cover fre-
quencies of 380 MHz to 2.700 GHz, VSWR=1.10:1 
Typ./1.20:1 max. (0.698 to 2.700 GHz) & 
VSWR=1.15:1 Typ./1.25:1 Max. (0.380 to 0.698 
GHz) with 7/16 DIN, Type N & 4.1/9.5 connec-
tors. Made in USA and 36-month warranty.
MECA Electronics Inc. 
www.e-meca.com

Coaxial Limiters
GG77317-04 and GG77317-05 are 100 W and 
60 W broadband coaxial limiters that provide 
CW power handling capability from 10 MHz to 

4 GHz and from 10 
MHz to 6 GHz respec-
tively, and are ideal for 
receiver protection in 
ECM, EW, radar and 
test equipment applica-
tions. These PIN-diode 

based limiters feature SMA female connectors 
and are designed to meet or exceed the MIL-
STD-883 environmental conditions without 
damage. For product sales or technical informa-
tion, contact RFMWMOD@microsemi.com.
Microsemi 
www.microsemi.com

Power Splitter/Combiner 

Mini-Circuits’ coaxial 
power splitter/combin-
er has an operating and 
storage temperature of 
-55° to 100°C. It fea-
tures DC to 10,000 
MHz wideband, 2 deg. 
typical phase unbalance 

and 0.2 dB typical amplitude unbalance. Appli-
cations include laboratory and test set-ups.
Mini-Circuits 
www.mini-circuits.com

Bandpass Filters
Pole/Zero released its 
new line of NANO-
ERTM tunable bandpass 
filters covering the en-
tire military tactical ra-
dio band of 30 to 520 
MHz while fitting in a 
low-profile package 

measuring 1.1" w 1.1" w 0.216" (28 w 28 w 5.5 
mm). These low cost bandpass filters are com-
monly used in applications where small size, 
low power and high performance are needed 
such as military handheld radios, radar systems, 
SATCOM, test and measurement systems and 
additional commercial applications.
POLE/ZERO 
www.polezero.com

Drop-In Circulator 

For X-Band radar sys-
tems, Renaissance has 
developed a low inser-
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PLIFIERS

*Low frequency cut-off determined by coupling cap.
For GVA-60+, GVA-62+, GVA-63+, and GVA-123+ low cut off at 10 MHz.
For GVA-91+, low cut off at 869 MHz.

NOTE: GVA-62+ may be used as a replacement for RFMD SBB-4089Z
GVA-63+ may be used as a replacement for RFMD SBB-5089Z
See model datasheets for details

458 rev P

US patent 6,943,629

GVA amplifiers now offer more options and more capabilities 
to support your needs. The new GVA-123+ provides ultra-
wideband performance with flat gain from 0.01 to 12 GHz, and 
new model GVA-91+ delivers output power up to 1W with power 
added efficiency up to 47%!  These new MMIC amplifiers are 
perfect solutions for many applications from cellular to satellite and 
more!  The GVA series now covers bands from DC to 12 GHz with 

various combinations of gain, P1dB, IP3, and noise figure to fit your 
application.  Based on high-performance InGaP HBT technology, 
these amplifiers are unconditionally stable and designed for a 
single 5V supply in tiny SOT-89 packages.  All models are in stock 
for immediate delivery!  Visit minicircuits.com for detailed specs, 
performance data, export info, free X-parameters, and everything 
you need to choose your GVA today!

Mini-Circuits®

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

http://www.modelithics.com/mvp/Mini-Circuits.asp

FREE X-Parameters-Based 
Non-Linear Simulation Models for ADS

  GVA-84+

  GVA-60+

  GVA-63+

  GVA-62+

 2 NewModels!
 GVA-83+ 

 GVA-82+

ea. (qty.1000 )from94¢DC* to 12 GHz    up to 1W Output Power          
 NOW

GVA-123+  Ultra-Wideband, 

 
     0.01-12 GHz

GVA-91+   1W Power
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NewProducts

sales@metproco.com 
www.metproco.com 

978-649-1289
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Feedthrus • Housings • Shrouds • Connectors

Guaranteed Highest Possible 
Hermeticity with Kovar®
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tion and return loss circulator operating be-
tween 9 and 10 GHz in a compact 0.5" × 0.5" × 
0.18" package.
Renaissance Electronics & 
Communications LLC 
www.rec-usa.com

Two-way Power Divider
Response Microwave 
Inc. announced the 
availability of its new 
multi-octave band pow-
er dividers for use in 
ATE and production 

applications. The new RMPD2.2-18Sf covers 
the 2 to 18 GHz band offering typical electrical 
performance of 0.8 dB insertion loss, VSWR of 
1.50:1 and isolation of 20 dB. Power handling is 
25 W and the unit is operational over the -35° to 
+85°C range. Mechanical package is 1.85" × 
0.95" × 0.39", plus SMA female connectors. 
Unit configurations are currently available in 
two-way, four-way, six-way and eight-way splits.
Response Microwave Inc. 
www.responsemicrowave.com

DC RF Switch 

Richardson RFPD Inc. announced the avail-
ability and full design support capabilities for a 
new UltraCMOS true DC RF switch from Per-
egrine Semiconductor Corp. The PE42020 is a 

HaRPTM technology-
enhanced SPDT true 
DC RF switch that op-
erates from DC up to 8 
GHz with integrated 
RF, analog and digital 
functions. It can be 
configured as a 50 ohm 
absorptive or open re-

flective switch and offers power handling of +30 
dBm at 0 Hz and +36 dBm at 8 GHz.
Richardson RFPD Inc. 
www.richardsonrfpd.com

High Power Splitter

RLC Electronics recently added a high power 
capability to its power divider product line. 
These reactive splitters are offered in two-, 
three- and four-way splits and have excellent in-
put VSWR (1.3:1 max), high power ratings (500 
W CW), low PIM (-125 dBc) and low loss (usu-
ally less than 0.2 dB). Frequency capability ex-
tends from 250 to 4000 MHz, and connector op-
tions include N and 7/16 connector types. These 
power dividers are designed to evenly split high 
power cellular signals with minimal reflection.
RLC Electronics Inc. 
www.rlcelectronics.com

High Power Circulator
Model CT-1872-S is rated at 60 kW peak and 600 
W average power at 325 MHz. The unit 

provides 20 dB min. Iso-
lation at 0.2 dB insertion 
loss and 1.20 max 
VSWR. The extremely 
compact design has 

flange to flange insertion length of only 6 ¾" and a 
height of 5 ¼". For use in radar applications, it has 
1 5/8" EIA connectors. It is also available at other 
UHF frequencies and connector types.
UTE Microwave 
www.utemicrowave.com

Cables & 
Connectors
Phase Stable Cable Assemblies

D-COAX Inc. has in-
troduced � 1 ps skew 
matched and phase sta-
ble high performance 
flexible coaxial cable as-
semblies through 65 
GHz. The standard as-

semblies deliver excellent return loss and low 
insertion loss. Cable pairs are ideal for signal 
integrity, channel modeling, jitter measure-
ments, BERT and differential measurements.
D-COAX Inc. 
www.d-coax.com

75 Ohm Test Cables 

Pasternack, a manufacturer and supplier of RF, 
microwave and millimeter wave products, an-
nounced the release of its line of 75 ohm test 
cables with operation up to 3 GHz. These rug

ged cable assemblies 
are specially designed 
to withstand the rigors 
of test lab use and ap-
plications in 75 ohm 
communications sys-

tems. Technicians commonly rely on these high 
frequency test cables in technologies such as 
cable TV, MoCA 2.0 and MoCA 1.1 (Media over 
Coax Alliance) and DOCSIS (Data over Cable 
Service Interface Specifications).
Pasternack 
www.pasternack.com

Coax to Waveguide Transitions
QuinStar Technology 
introduced a new line 
(Series QWA) of 1 mm 
coax to waveguide tran-
sitions (adapters) for full 

waveguide band operation in V, E and W-Bands. 
Both in-line and right-angle versions are avail-
able with male and female connectors. VSWR 
over the full band is 1.43:1 max. (return loss > 15 
dB) with less than 0.8 dB insertion loss. Most 
models are available immediately from stock.
QuinStar Technology 
www.quinstar.com

Right Angle Adapters
SGMC Microwave’s 
SMA to SMM right an-
gle (Between-Series 
adapters) features a fre-
quency range of DC to 
26.5 GHz. They also 
feature low VSWR and 

insertion loss, internally swept right angle de-
sign, corrosion resistant 303 stainless steel (pas-
sivated) and ruggedized construction for re-
peatability and reliability.
SGMC Microwave 
www.sgmcmicrowave.com
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NewProducts
Low Noise Amplifier 

PMI Model No. PEC-
30-2R04R0-1R5-21-
8V-SFF-HS is a 2 to 4 
GHz, low noise ampli-
fier designed for mili-
tary and industrial ap-

plications. This amplifier is supplied in PMI’s 
EMI shielded, hermetically sealed housing with 
SMA(F) connectors. It provides > 30 dB of gain 
with a typical noise figure of 1.5 dB and a mini-
mum OP1dB of +21 dB. This amplifier operates 
on +8 VDC and has a maximum current draw of 
380 mA.
Planar Monolithics Industries 
www.pmi-rf.com

Sources
Compact RF Signal Generator

DS Instruments intro-
duced the SG6000L, a 
small, compact but full 
featured RF signal gen-
erator that covers the 

25 MHz to 6 GHz band. An optional doubler 
extends coverage to 12 GHz. The SG6000 max-
imum output level is above +6 dBm across all its 
bands. The SG6000L is fully synthesized to a 10 
MHz reference using modern fractional N 
methods. External or internal 10 MHz refer-
ence is supported. The SG functions of fre-
quency and level can be programmed over the 
USB port using industry standard SCPI com-
mands.
DS Instruments 
www.dsinstruments.com.

Low Profile Precision OCXO
Morion’s low profile 
precision OCXO MV317 
is available with a fre-
quency range from 80 
to 122.88 MHz. With a 
package size of 25 × 25 
× 10.3 mm, it guaran-

tees stability level vs. operating temperature 
range up to 5E-8 and aging up to 1E-7/year. 
The MV317 offers highly improved phase noise 

E-Band Adapter
Spacek Labs model 
T79-W is one of the E-
Band models in its se-
ries of waveguide to co-
axial transitions or 
adapters. The T79-W 

covers the available commercial E-Band spec-
trum from 71 to 86 GHz with a typical insertion 
loss of 0.6 dB (typical). The maximum VSWR is 
1.30:1. This transition can be used to adapt a 
component or system from WR-12 (UG387/U) 
waveguide to the 1 mm coaxial connector. This 
transition is also available covering the entire 60 
to 90 GHz waveguide band.
Spacek Labs Inc. 
www.spaceklabs.com

Amplifiers
TWT Amplifier 

AR’s new 250T6G18 
TWT amplifier pro-
vides 250 W CW power 
from 6 to 18 GHz for 
EMC and microwave 
testing applications. 

Standard features include a built-in IEEE-488 
(GPIB) interface, 0 dBm input, VSWR protec-
tion, gain control, RF output sample ports, plus 
monitoring various TWT voltages and currents.
AR RF/Microwave Instrumentation 
www.arww-rfmicro.com

Broadband RF Amplifiers
Fairview Microwave 
Inc. announced the re-
lease of its expanded 
broadband RF amplifi-
ers operating in octave 
bands between 0.5 and 
40 GHz with noise fig-
ures ranging from 2.5 to 

6 dB across the entire frequency range. Fairview 
Microwave’s new broadband amplifier portfolio 
consists of 18 part numbers to choose from that 
are commonly employed in a wide spectrum of 
military and commercial applications including 
wireless communications, telecom infrastruc-
ture, radar, electronic warfare, sensors, test in-
strumentation and microwave backhaul.
Fairview Microwave Inc. 
www.fairviewmicrowave.com

Wideband Amplifier
Herotek offers a multi-
octave ultra wideband 
amplifier with excellent 
gain flatness and low 
power consumption. 

Model AF00120243A operates from 0.01 to 20 
GHz. It has 24 dB gain with maximum gain 
variation of ±1.5 dB, noise figure of 3 dB, P1dB 
output of +8 dBm, and current draw of 90 mA 
at +5 V bias. This amplifier comes in a hermeti-
cally sealed package with removable connectors 
for drop-in assembly and is designed for both 
military and commercial applications.
Herotek Inc. 
www.herotek.com
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NewProducts

levels better than: -135 dB/Hz at 100 Hz, -162 dB/Hz at 1 kHz, and -176 
dB/Hz at 100 kHz for 100 MHz output. It is available with SIN output, 12 
V voltage supply and sub-harmonics < -40 dBc.
Morion US LLC 
www.morion-us.com

C-Band Connectorized VCO
KDCO615712-5 is an optimized fundamental fre-
quency planar resonator oscillator designed to op-
erate in the C-Band frequency range of 6150 to 
7120 MHz with just 0.5 to 12 V of tuning. The 5 V 
supply voltage (Vcc) draws only a maximum current 
of 22 mA and 0.11 W, while achieving a superb 
typical low phase noise of -106 dBc/Hz at 100 kHz 
offset. The output power is -5 dBm minimum with 
excellent harmonic suppression of 25 dB typical.

Synergy Microwave Corp. 
www.synergymwave.com

Software
PAM-4 Analysis Software 

Keysight Technologies Inc. introduced measure-
ment software designed to help engineers quickly 
and accurately characterize PAM-4 (pulse ampli-
tude modulation with four amplitude levels) sig-
nals using the Keysight V-Series, Z-Series, and S-
Series real time oscilloscope platforms. The Key-
sight N8827A PAM-4 analysis software (for V- and 
Z-Series oscilloscopes) and N8827B PAM-4 analy-
sis software (for S-Series oscilloscopes) provides 

comprehensive analysis of electrical PAM-4 signals. Mobile computing 
applications are demanding more of the underlying computer Internet in-
frastructure. To enable increases in Internet and server-farm performance, 
higher-speed connectivity among server systems is required.
Keysight Technologies Inc. 
www.keysight.com

Test Equipment
YIG Tuning Current Supply

Black Box Instruments has introduced a low noise 
precision current supply specifically tailored for 
tuning YIG devices. The instrument outperforms 
any of the legacy instruments that are no longer 
available today. The instrument is a “black box” in 
the sense it is solely controlled via a USB inter-

face. Multiple “front panels” are realized through a PC controller. The in-
strument comes with free LabView programs to get the user started.
Black Box Instruments 
www. blackboxinst.com

V-Band Frequency Extender 

Model STE-KF415-14-S1 is a bench-top V-Band frequency extender, 
which extends the input frequency 12.5 to 18.75 GHz to full 

waveguide bandwidth, 50 to 75 GHz, operation. 
The frequency extender combines high perfor-
mance millimeter passive/active multipliers, am-
plifiers, filters and Faraday isolator to extend the 
low frequency sweeper or synthesizer to V-Band 
frequency band. The required input power is +3 
dBm and resultant output power is +14 dBm typi-
cally. The DC input is +8 to 12 VDC/550 mA.

SAGE Millimeter Inc. 
www.sagemillimeter.com

RGB color

Anritsu Brand Logo + Statement < stacked >

Brand Logo / R40  G155  B125 (Visionary Green)
Statement / R120  G130  B135 (Support Gray)

RF Interference Hunting Techniques

Focusing in on W-Band Absorbers

Flexible RF Test Solutions Deliver Reliable 
Internet of Things (IoT)

Advancing High Power RF Semiconductor 
Test with the NI STS Platform

How to Select an Analog Signal Generator

Reliability Issues with RF Circuits In�uenced 
by Design and Manufacturing Processes
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 Super low noise RF 
amplifiers 

 Broadband low noise 
amplifiers 

 Input PIN diode protected low 
noise amplifiers 

 General purpose gain block 
amplifiers 

 High power RF amplifiers 
and broadband power 
amplifiers 

 RF isolators and 
circulators 

 High power coaxial and 
waveguide terminations 

 High power coaxial 
attenuators 

 PIN diode power limiters 
 Active up and down 

converters 
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SPECIAL HERMETIC PRODUCTS, INC.
PO BOX 269 – WILTON – NH – 03086
(603) 654-2002 – Fax (603) 654-2533

E-mail: sales@shp-seals.com
Web: www.shp-seals.com

S HP

REVOLUTIONARY 
HERMETIC SMP CONNECTORS

These SMPs meet the requirements of 
MIL-STD-348, but utilize unique housing 

interface features, which significantly improves
reliability and production assembly yields.

Proprietary techniques are used to independently
control plating thickness on pin and housing.

For use with Aluminum, Kovar 
and other package materials

+1.

Silicone Compound MasterSil 711

Frequency SYNTHESIZERS 
Model SLSM5, High Performance, 
low cost synthesizers now 
available from stock in 
bands to 32 GHz  

• Frequency Steps 1 kHz 
• Low phase noise and spurious 
• 10 MHz Ext. or Int. Reference (±0.5 PPM) 
• Control via RS-485, Multi Drop 
• Miniature Assembly (2.5” X 2.5” X 0.6”) 

Low cost custom designs are our specialty  

äìÑÑ=êÉëÉ~êÅÜ=
www.luffresearch.com 

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

754 Fortune Crescent, Kingston, ON, K7P 2T3, Canada
Tel: 613 384 3939 -  Fax: 613 384 5026 

e-mail: info@astswitch.com

W W W . A S T S W I T C H . C O M

MICROWAVE SWITCHES FOR THE TELECOM INDUSTRY

WAVEGUIDE SWITCHES - COAXIAL SWITCHES - DUAL SWITCHES

WE ARE THE WAVEGUIDE &  COAXIAL SWITCH EXPERTS 
YOUR #1 SOURCE FOR MICROWAVE SWITCHES

QUALITY, SERVICE & QUICK DELIVERIES UNMATCHED IN THE INDUSTRY
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Path to 5G

BookEnd

T he term “white space” refers to 
chunks of frequency spectrum 
that are licensed for certain servic-

es, yet aren’t being used. For example, 
a frequency band licensed nationally for 
a TV channel may not be used in cer-
tain geographic regions. Rather than let 
these frequencies go unused when the 
demand for bandwidth seems insatiable, 
other services could use the spectrum if 
they don’t interfere. This is the concept 
of white space communication. Moving 
from the idea to successfully deployed 
systems requires “cognitive” radios that 
sense spectrum usage in real-time and 
adapt their transmissions to the white 
spaces.

ceivers. Receiver topics include recon-
fi gurable RF front-ends, fi ltering and 
subsampling. Chapters in the transceiv-
er section cover FPGA-based, all-digital 
transmitters and highly effi cient trans-
mitter architectures. 

The editors of “White Space Com-
munication Technologies” are profes-
sors at universities in Portugal, Italy and 
Spain. Adding to their own perspectives, 
they recruited 21 experts from academia 
and industry (Analog Devices and Intel) 
to ensure a comprehensive treatment of 
the topic.

“White Space Communication Tech-
nologies” addresses the analog and digi-
tal radio technologies required to enable 
cognitive radios. The book begins with 
the regulations in Europe and the U.S. 
that allow the use of white spaces and 
presents various applications that could 
utilize the capability. These include mo-
bile communications, smart metering 
of utilities and broadband services in 
rural areas. This fi rst section discusses 
how to determine spectrum usage and 
availability – the crux of ensuring that 
transmissions don’t interfere with exist-
ing licensees and services. The section 
concludes with the features and chal-
lenges for a radio to be cognitive (i.e., 
wide bandwidth, frequency agility, high 
dynamic range, high linearity, high ef-
fi ciency and spectrum sensing) and 
describes the resulting approaches and 
trade-offs for the receiver front-end of 
the radio. 

Having set the stage, the second and 
third parts of the book delve into the 
details of adaptive receivers and trans-

White Space 
Communication 
Technologies

Nuno Borges Carvalho, 
Alessandro Cidronali and 

Roberto Gómez-García

the topic.

To order this book, contact:
Cambridge University Press
University Printing House
Cambridge CB2 8BS, UK

www.cambridge.org

300 pages, $125 for hardback, 
$100 for Adobe eBook

ISBN: 978-1-107-05591-9
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 CALL FOR PAPERS 
 

2016 IEEE International Symposium on 
Phased Array Systems & Technology  

Revolutionary Developments in Phased Arrays 
 

18–21 October 2016  
Westin Waltham Hotel, Greater Boston, Massachusetts, USA 

www.array2016.or g  
 

About the Symposium 

Phased array systems continue to be a 
rapidly evolving technology with steady 
advances motivated by the challenges 
presented to modern military and 
commercial applications.  This symposium 
will present the most recent advances in 
phased array technology and present a 
unique opportunity for members of the 
international community to interact with 
colleagues in the field of Phased Array 
Systems and Technology. 

Phased Array 2016, the 6th International 
Symposium on Phased Array Systems and 
Technology, will be held at the Westin Hotel 
in Waltham Massachusetts on Boston’s 
famous Route 128 Technology Highway. 
The symposium will include keynote and 
plenary sessions, parallel technical sessions, 
poster sessions, tutorials, and a student 
paper contest.  Social events will include a 
welcome reception with dinner and an 
awards banquet. 

Suggested Topics 
 System Architecture 

 Phased Array Applications 
and Platforms 

 Module Design 

 Solid-State Technologies 

 Antenna Elements 

 Beam Steering Techniques 

 Aperture Design 

 Signal Processing for Arrays 

 Array Measurements 

 Sparse Aperture Techniques 

 Metamaterials 

 Advanced Materials 

 Ultrawideband Arrays 

 Low Cost Arrays and 
Systems 

 MIMO Arrays 

Important Dates 
Summary (~1000 words + figures)  15 Dec 2015 
Notification of Acceptance 1 Feb 2016 
Final Papers (8 page max) 1 June 2016 

Conference Committee 
 
Conference Chair: 
Jeffrey S. Herd,  
MIT Lincoln Laboratory (MIT LL) 
 
Vice Chair: 
William Weedon, Applied Radar 
 
Honorary Chair: 
Eli Brookner, Raytheon (retired) 
 
Technical Program Chair: 
Alan J. Fenn, MIT LL 
 
Technical Program Vice Chair: 
Wajih Elsallal, MITRE 
 
Special Sessions Chair: 
Sean Duffy, MIT LL 
 
Plenary Session Chairs: 
Eli Brookner, Raytheon (retired) 
David Mooradd, MIT LL 
 
Tutorials Chairs: 
Jonathan Williams, Autoliv 
Jonathan Doane, MIT LL 
 
Student Program Chair: 
Bradley T. Perry, MIT LL 
 
Secretary: 
Duane J. Matthiesen, Technia 
 
Exhibits Chair: 
Dan Culkin, SRC, Inc. 
 
Publicity Chairs: 
Glenn Meurer, MITRE 
Don McPherson, Syracuse Research Corp. 
 
Social Media Chair: 
Gregory Charvat, Butterfly Network 
 
Publications Chairs: 
Raoul Ouedraogo, MIT LL 
Will Moulder, MIT LL 
 
Poster Sessions Chairs: 
Mark McClure, Systems & Technology Research 
Greg Arlow, Lockheed Martin 
 
Sponsorships Chair: 
Jonathan Towle, Raytheon 
 
Local Arrangements/Finance: 
Robert Alongi, IEEE Boston 
 
Website: 
Kathleen Ballos, Ballos Associates  
 
Advisors: 
Ellen Ferraro, Raytheon 
Robert J. Mailloux, Arcon 
Hans Steyskal, Arcon 
Chris McCarroll, Raytheon 
 
Primary Sponsor: IEEE Boston Section 

Special Sessions 
Please provide suggestions for 
special sessions to the Technical 
Program Chair at 
info@array2016.org. 

Paper Template and Submission Procedures 
Template and submission procedures are available at www.array2016.org/forauthors.html 

Publication Information 
All accepted papers will be published on the conference CD-ROM and distributed to 
conference attendees. Selected papers meeting the publishing requirements will be 
published in IEEE Xplore as part of the IEEE Conference Publication Program. 
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20 W TYPE-N

PRECISION
ATTENUATORS

50 W  & 100 W 
models

NEW

       RoHS compliant

2W  to 100 W

Customers trust Mini-Circuits BW-family precision fixed attenuators for accuracy, reliability, and  
repeatability. Now, we’ve expanded your choices by adding the BW-K-series, covering DC – 40 GHz!  
These new, ultra-wideband models provide attenuation levels from 3 to 20 dB, 2W power handling,  
and 2.9mm connectors. Our full “BW” precision attenuator family now includes 70 models with  
accurate attenuation ranging from 1 to 50 dB and power handling from 2 up to 100W to meet  
your requirements with performance you can count on.

Visit minicircuits.com for free data, curves, quantity pricing, designer kits, and everything  
you  need to find the right BW attenuator for your needs.  All models are available off-the-shelf  
for delivery as soon as tomorrow!

518 rev C

Mini-Circuits®

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

      NOW from  DC up to  40 GHz  from
$2995

    ea. (1-49)
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B
ased close to open countryside on the out-
skirts of Paris, conversations at OMMIC are 
undertaken in French but for 35 years the 

company has endeavoured to speak its customers’ 
language and use its background in III-V materials, 
design and processing to provide innovative solutions. 

Founded in January 2000 by Philips, OMMIC is 
an independent SME that supplies MMIC circuits, 
foundry services and epitaxial wafers based on III-V 
(GaAs, GaN and InP) materials for telecommunica-
tion, space and defense applications.

OMMIC’s portfolio of MMICs, includes LNAs from 5 
to 160 GHz and power amplifi ers from 8 to 46 GHz 
as well as corechips and control functions. Corechips 
are based on the integration in a single die of digital 
phase shifters, digital attenuators, LNAs, MPAs and 
switches for phased array antenna applications. 

In 2015 OMMIC began providing fully plastic QFN 
corechips in C-Band to large radar companies and 
at the end of the year will release X-Band corechips 
packaged in plastic QFN offering better integration. 
The company also proposes a full solution for 94 GHz 
radar and passive imaging including a matched zero 
bias diode detector RTID.

OMMIC supplies InP, GaN and GaAs based MMIC 
circuits and services to the telecom, space and 
defense markets and MOCVD based epitaxial 
wafers to the commercial market. On-site epitaxy 
serves high-performance low-cost PHEMT, MHEMT 
and HBT epitaxial wafer supply to large volume 
GaAs fabs.

The company has three principal HEMT processes 
in full production and has been introducing other 

processes including MHEMT and HBT. These services 
enable cut-off frequencies as high as 400 GHz via the 
MHEMT technology. The latest processes include 
100 nm GaN-on-silicon. Another newly released process 
is D025PHS which is a 250 nm PHEMT D mode, en-
abling high power from C to X-Band (12 W at 10 GHz).

OMMIC also supplies epitaxial wafers to the com-
mercial market in 3, 4 and 6-inch formats using 
production MOVPE. This activity includes PHEMT con-
taining up to 25 percent Indium in the GaInAs layer 
as well as HBT structures.

The company has an aggressive roadmap to de-
velop and introduce advanced technologies based on 
III-V compounds. This means moving to shorter gate 
lengths, optimizing the channel Indium content for the 
PHEMT and MHEMT processes, smaller emitters and 
using antimonides for the InP DHBT. 

The short gate length technologies include 70 nm 
70 percent In MHEMTs, soon to be followed by 40 nm 
with the D004IH process. With the 100 nm GaN/Si and 
D025PHS process OMMIC is targeting power applica-
tions from X to E-Band. The roadmap will lead to the 
development of sub 60 and 40 nm GaN/Si(C) to target 
greater power at W-Band and higher frequencies.

Currently, the company has started fi rst runs of 
D01GH 100 nm GaN on Si and the fi rst pizza mask 
(MPW) will be launched in June 2015. This process is 
not only dedicated to Ku to E-Band power amplifi er 
design but also for robust LNAs. At the end of 2015 a 
Satcom HPA (27 to 32 GHz Psat>8 W) will be re-
leased using this 3.3 W/mm GaN process.

Clearly, OMMIC’s activities are impressive in any 
language.
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Fast and accurate 
power meters.
The new champions 
from Rohde & Schwarz. 
For decades, RF professionals have trusted power measurement solutions from 
Rohde & Schwarz. With their unrivaled speed and fidelity, the Rohde & Schwarz 
USB and LAN capable power sensors are the market leaders.

More to explore: 
www.rohde-schwarz.com/ad/powersensors

Take the 
Power Sensor Challenge! 
And win amazing prices!
www.rohde-schwarz.com/ad/
powersensor-challenge
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Mismatch Tolerant  Designs • ®

Werlatone, Inc.   17 Jon Barrett Road Patterson, NY 12563   (845) 278-2220   www.werlatone.com   sales@werlatone.com

In-Phase and Hybrid Designs

Celebrating 50 Years of High
Power Passive Components

2-Way & 4-Way Combiners

Lowest Loss & Smallest Size

New 2 to 6 GHz Designs

The QH10148, one of our newest 90° 
Hybrid Couplers, delivers best-in-class 
amplitude balance, speci�ed at ± 0.5 dB 
Max. An amplitude balance measuring 
half that of competing products, insures 
that your transistors run more evenly and 
thus more ef�ciently. The Model QH10148 
provides an insertion loss of less than 0.3 
dB, is robust, and highly repeatable.

90° Hybrid Coupler
Excellent

Amplitude Balance

Model QH10148

2-Way 0° Combiner
Tolerates a

Full Input Failure

Model D10149

180° Hybrid Combiner
Excellent

Phase Tracking

Model H10126

2-Way 0° Combiner
Surface

Mount Design

Model D9922

4-Way 0° Combiner
Fully

Isolated

Model D10296

Dual Directional Coupler
Mismatch Tolerant
700 to 6000 Mhz

Model C10117

The D10149 is a connectorized solution, 
designed for system level and lab use      
of both military and commercial 
applications. Rated at 200 W CW, the 
D10149 is fully isolated, and able to  
withstand a full input failure, at rated 
power. Measuring just 2.9 x 2.7 x 1.06”, 
the D10149 is designed to tolerate 
MIL-STD-810 environmental conditions.

The Model H10126 is a surface mount 
180° Hybrid covering a full 2 to 6 GHz at 
100 W CW. Measuring just 1.15 x 0.6 x 
0.31”, this unit is ideal for combining 
applications encountering 2nd Order 
Harmonic conditions and for combining 
two lower power 90° Hybrid Couplers. The 
H10126 provides excellent phase tracking 
and 20 dB port-to-port isolation.

Delivering a minimum of 15 dB 
port-to-port isolation, the D10296 is a 
connectorized, 4-Way Combiner / Divider, 
conservatively rated at 200 W CW. Able to 
withstand a full input failure, at rated 
power, the D10296 operates with less 
than 1.0 dB of insertion loss and 
measures just 3.9 x 3.6 x 1.06”. 

The D9922, rated at 200 W CW, is a surface 
mount 0° Combiner / Divider which 
provides very low loss across the entire 2 
to 6 GHz bandwidth. Ideal for ampli�er 
houses concentrating on modules only, 
the Model D9922 is robust and measures 
only 1.4 x 1.1 x 0.14”. Buy the engine 
without having to buy the entire car!

Werlatone’s Model C10117 is a 40 dB Dual 
Directional Coupler conservatively rated 
at 250 W CW and offers excellent 
electrical performance. Measuring just 2 x 
2 x 1.06”, this Mismatch Tolerant design 
operates with less than 0.2 dB of 
insertion loss and is designed to tolerate 
a full load mismatch, at rated power. 

Connectorized and Surface Mount

Full Port-To-Port Isolation•

•

•

•

•
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Qorvo Delivers
Breakthrough Performance
with Broadband GaN Solutions

Qorvo o�ers the combined Gallium Nitride (GaN) portfolio and expertise 
from TriQuint and RFMD – two industry leaders in GaN technology. 
Qorvo is a Manufacturing Readiness Level (MRL) 9 GaN manufacturer 
and a DoD accredited “Microelectronics Trusted Source” with 
platforms deployed in ground and airborne environments for electronic 
warfare, communications, radar and metrology applications. A broad 
portfolio of GaN processes and long-established expertise with GaN 
and GaAs power solutions enables Qorvo to o�er many world-class / 
high-performance “o� the shelf” power amplifier MMICs. 

Spatium® signal combining technology further leverages Qorvo’s 
outstanding MMIC power amplifiers, enabling unprecedented solid 
state performance. The compact, robust, field-proven Spatium platform 
delivers exceptional levels of power and e�ciency for CW and pulsed 
operation in the most demanding environments.

GaN Capabilities:

• Applications from DC through W-band 

• High power density 

• Proven reliability at high-junction temperatures –  
 mean time to failure (MTTF) of greater than 107  
 (10 million) hours at 200 degrees (C) and greater  
 than 106 (1 million) hours at 225 degrees (C)

• Excellent noise figure – comparable to pHEMT,  
 but at higher voltage for increased dynamic   
 range and input survivability

• Highly robust to ESD and RF input signals 

• High-power handling (switch applications) 

• Very high thermal conductivity

MMIC Solutions Spatium® Solutions

TGA2578-CP 2-6GHz 30W

TGA2573-2 2-18GHz 8W

TGA2590-CP 6-12GHz 30W

TGA2574 6-18GHz 20W

2-6GHz 450W

2-18GHz 120W

6-12GHz 450W

6-18GHz 300W

32-38GHz 100W

2-6GHz

2-18GHz

6-12GHz

6-18GHz

32-38GHz

Connect with Qorvo for core RF solutions   

+1 972.994.8200
info-defense@qorvo.com

www.qorvo.com
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Whether your application is narrowband, wideband or ultra-wideband,
operating in pulsed or CW mode, CTT’s power amplifiers are an especially
attractive choice for new multi-function frequency-agile systems that effectively
conserve weight, space and power consumption.

The characteristics of the portion of the electromagnetic spectrum selected
for any of these particular system designs are undoubtably the most important
to the end user, as it has the greatest impact on the type of information
required and received.

Engineered specifically to meet the stringent requirements imposed by
many modern system designs, CTT’s family of GaN and GaAs-based solid-state
power amplifiers excel in a wide range of applications.

CTT has delivered production quantities of
amplifiers with power levels from 10 through 200
Watts – and higher – for a variety of multi-function,
radar and EW applications.

• AMDR    • Shipboard Radar    • AESA Radar
• VLO/FLO Threats    • New Land Radar    • EW    • UAVs

More than thirty years ago CTT, Inc. made a strong commitment to serve the
defense electronics market with a simple goal: quality, performance, reliability,
service and on-time delivery of our products.

Give us a call to find out how our commitment can support your success.
It’s that simple.

241 East Java Drive • Sunnyvale • California 94089  • Phone: 408-541-0596 • Fax: 408-541-0794
www.cttinc.com • E-mail: sales@cttinc.com

Microwave Technology Leadership
� Power Amplifiers

• NEW GaN and GaAs Models
• Radar Bands up to 400W
• EW Bands up to 200W
• Pulse and CW
• Rack-Mount Configurations

� Low-Noise Amplifiers
� Up and Downconverters
� Subsystems
� Custom Engineered Options ISO 9001:2008

QUALITY

USA-based thin-film microwave production facility

GaN and GaAs Solid-State Power Amplifiers
for Multi-Function, Radar and EW System Design

Enabling
wideband frequency agility

Enabling
wideband frequency agility
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HARDWARE + SOFTWARE
 – Designed for testing 5G simulation to veri cation

 – Software platforms and applications that work 
seamlessly across our 5G instruments 

 – Incorporate iterative design and rapidly move
between stages of your 5G development  ow

 – Industry’s  rst and largest 5G library

PEOPLE  
 – Keysight engineers are active in the
leading 5G forums and consortia

 – Keysight engineers are keynote speakers
at 5G conferences and key contributors
in top technical journals

 – Applications engineers are in more than
100 countries around the world

The  fth generation of wireless communications may seem years away.
But if you want to be on the leading edge, we’ll help you gain a big
head start. We offer unparalleled expertise in wideband mmWave, 5G 
waveforms, and Massive MIMO. We also offer the industry’s most
comprehensive portfolio of 5G solutions. Whether you need advanced 
antenna and radio test hardware or early simulation software, we’ll
help you with every stage of 5G.

HARDWARE + SOFTWARE + PEOPLE = 5G INSIGHTS

Your 5G Eureka moment
will happen sooner or later.
We’ll help make it sooner.

Keysight N9040B UXA
signal analyzer
with 89600 VSA software
and M1971E smart mixer

Keysight 89600 VSA software

Keysight N5247A PNA-X microwave
network analyzer, 67 GHz

Keysight MIMO PXI test solution
M9381A PXI VSG and M9391A PXI 
VSA - Up to 8x8 phase-coherent 
MIMO measurements

Keysight DSOZ634A
In niium oscilloscope
with 89600 VSA software

Keysight N7608B Signal Studio
for custom modulation

Keysight 5G Baseband Exploration 
Library for SystemVue
Industry’s  rst 5G Exploration
Library for researchers

© Keysight Technologies, Inc. 2015

US A: 800 829 4444   CAN: 877 894 4414

Download our white paper Implementing 
a Flexible Testbed for 5G Waveform
Generation and Analysis at 
www.keysight.com/find/5G-Insight

g 

Keysight TechnologiesImplementing a Flexible Testbedfor 5G Waveform Generationand Analysis 

White Paper 

Keysight Authors: 
Greg Jue, Applications Development Engineer/Scientist 
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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 
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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
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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 ■
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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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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. ■

References
1.  L. Griffi ths, “A Fundamental and Techni-

cal Review of Radomes,” Microwave Prod-
uct Digest, May 2008.

2.  Altair Engineering Inc., FEKO, Suite 7.0, 
2014.

3.  D. J. Kozakoff, “Analysis of Radome-
Enclosed Antennas,” Artech House, Nor-
wood, Mass., 1997.

4.  U. Jakobus, “Comparison of Different 
Techniques for the Treatment of Lossy 
Dielectric/Magnetic Bodies Within the 
Method of Moments Formulation,” AEU 
International Journal of Electronics and 
Communications, Vol. 54, No. 3, January 
2000, pp. 163−173.

5.  R. F. Harrington, “Field Computation 
by Moment Methods,” Macmillan, N.Y., 
1968.

6.  P. P. Silvester and R. L. Ferrari, “Finite 
Elements for Electrical Engineers,” Third 
Edition, Cambridge University Press, 
1996.

7.  A. Elsherbeni and V. Demir, The Finite-
Difference Time-Domain Method for Elec-
tromagnetics with MATLAB Simulations, 
SciTech Publishing, Raleigh, N.C., 2009.

8.  U. Jakobus and J. van Tonder, “Fast Multi-
pole Acceleration of a MoM Code for the 
Solution of Composed Metallic/Dielectric 
Scattering Problems,” Advances in Radio 
Science, Vol. 3, January 2005, pp. 189−194.

9.  H. Ling, R. C. Chou and S. W. Lee, 
“Shooting and Bouncing Rays: Calculating 
the RCS of an Arbitrarily Shaped Cavity,” 
IEEE Transactions on Antennas and Prop-
agation, Vol. 37, No. 2, February 1989, pp. 
194−205.

10.  U. Jakobus, M. Bingle, M. Schoeman, J. J. 
van Tonder and F. Illenseer, “New FEKO 
Modeling Capabilities: Waveguide Ports 
with Dielectrics, Fast MLFMM based 
Near-Field Calculations, Integrated Net-
work Modeling, and Dielectric GO,” 24th 

Annual Review of Progress in Applied 
Computational Electromagnetics, April 
2008, pp. 335−340.

11.  R. U. Nair and R. M. Jha, “Electromag-
netic Performance of a Novel Monolithic 
Radome for Airborne Applications,” IEEE 
Transactions on Antennas and Propa-
gation, Vol. 57, No. 11, June 2009, pp. 
3664−3668.

12.  C. Sudhendra, A. R. Madhu, A. Mahesh 
and A. C. Radhakrishna Pillai, “FSS Ra-
domes for Antenna RCS Reduction,” In-
ternational Journal of Advances in Engi-
neering  & Technology, Vol. 6, No. 4, Sep-
tember 2013, pp. 1464−1473.

13.  J. van Tonder and U. Jakobus, “Infi nite Pe-
riodic Boundaries in FEKO,” 25th Annual 
Review of Progress in Applied Computa-
tional Electromagnetics, March 2009, pp. 
237−242.

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.
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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.
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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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We’re RF On Demand, with over one million RF and microwave components in 
stock and ready to ship. You can count on us to stock the RF parts you need 
and reliably ship them when you need them. Add Fairview Microwave to your 
team and consider it done.

The Right RF Parts.
Right Away.
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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

COMPANY Showcase
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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

COMPANY Showcase
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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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