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Since 1981, GGB Industries, Inc., has
blazed the on-chip measurement trail with
innovative designs, quality craftsmanship,
and highly reliable products.  Our line of
custom microwave probe cards continues
our tradition of manufacturing exceptional
testing instruments.

For technical assistance, custom product
designs, or off-the-shelf delivery,call
GGB Industries, Inc., at (239) 643-4400.

Our patented probe structures provide the
precision and ruggedness you require for
both production and characterization
testing.  And only Picoprobe  offers the
lowest loss, best  match,  low  inductance
power supplies, and current sources on a
single probe card.

(…110 GHz to be exact.)

Picoprobe elevates probe cards to a higher level…

Through unique modular design
techniques, hundreds of low frequency
probe needles and a variety of microwave
probes with operating frequencies from DC
to 40, 67, or even 110 GHz can be custom
configured to your layout.

Our proven probe card design technology
allows full visibility with inking capabil-
ity and ensures reliable contacts, even when
probing non-planar structures.

Not only do you get all the attractive
features mentioned, but you get personal,
professional service, rapid response, and
continuous product support--all at an
affordable price so your project can be
completed on time and within budget.

Typical Specs
Insertion Loss
Return Loss

20GHz
0.8 dB
18 dB

10GHz
0.6 dB
22 dB

40GHz
1.3 dB
15 dB

GGB INDUSTRIES, INC.     •     P.O. BOX 10958     •     NAPLES, FL 34101
Telephone  (239) 643-4400     •     Fax   (239) 643-4403     •     E-mail  email@ggb.com     •    www.picoprobe.com
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Mini-Circuits®

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

The industry’s largest selection includes THOUSANDS
of models from 2 kHz to 40 GHz, with up to 300 W power 

handling, 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 splitter/combiners offer a vast 

selection of features and capabilities to meet your needs from high power
and low insertion loss to ultra-tiny LTCC units and much more.

Need to find the right models fast?  Visit minicircuits.com and use Yoni2®!  
It’s our patented search engine that searches actual test data for the models

that meet your specific requirements!  You’ll find test data, S-parameters,
PCB layouts, pricing, real-time availability, and everything

you need to make a smart decision fast!  

All Mini-Circuits’ catalog models are available off the shelf for immediate
shipment, so check out our website today for delivery as soon as tomorrow!

POWER
SPLITTERS

COMBINERS
 as low as  89¢

from2 kHz to 40 GHz ea. (qty. 1000)

o S
C O M P L I A N T

RoHS Compliant 
Product availability is listed on our website. 

COVERING 10 to 40 GHz
IN A SINGLE MODEL  
2-WAY  ZN2PD-K44+
4-WAY  ZN4PD-K44+
8-WAY  ZN8PD-K44+

NEW!
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    Designed For 
  5G MIMO Active Antenna!!!
  The World First SMT Microstrip Patented
    Isolator/Circulator at 28GHz & 38GHz

- No Metal Bias Needed
- Easy Reflow Assembly
- No Expensive Wire
  Bonding 

- 200kpcs Sold For
  Similar Array 
  Application
-Proven Technology 
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Si Substrate

Inner
Diameter

Port 3

Port 1

L1 L2

Port 2

Width

Space

(a)

Ground Plane

Oxide

754 μm
εR = 11.9

σ = 50 Ω cm

10.76 μm
εR = 4.1

Top Metal TM2

Top Via1

TM1

M5

M4

M3

M2

M1

POLY

3 μm

(b)

Port 186
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The Industrial Wireless 
Sensor Network That Scales
Proven to support networks over 50,000 nodes at >99.999% reliability, SmartMesh® is  

the Wireless Sensor Network global companies rely on to connect their businesses.

www.linear.com/VManager

1-800-4-LINEAR

• Scales from small networks to  
thousands of nodes

• >99.999% Data Reliability

• Years of Trouble-Free Operation

• Field Proven by Major Global  
Companies

Video: A Wireless Sensor Network 
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RF Amplifiers
• Gain Blocks
• Coaxial Module
• Low-Noise
• Linear Drivers
• High Power
• Variable Gain

RF Switches
• SPnT
• Semiconductor
• Mechanical
• High Isolation
• High Power
• GaN  • Die

RF Attenuators
• Fixed
• Digital
• Coaxial
• Chip
• Voltage Variable
• Temperature Variable

Test &
Measurement
• USB Controlled
• Signal Generators
• Power Meters
• Switches  • Attenuators
• Vector Modulators
• Cable Assemblies
• Coax Components

RF Oscillators
• OCXO
• VCXO
• TCXO
• PLL Synthesizers
• RF Generators

RF Diodes
• PIN
• Schottky
• Varactor
• Limiter
• Gunn

RF Filters
• Monoblock
• SAW / BAW
• HP / LP / BP
• Ceramic Resonator
• Duplexer / Diplexer
• Cavity

RF Cable
Assemblies
• High-Performance Test
• In-Box Solutions
• Pigtails
• Conformable
• Flexible
• Semi-Rigid

EMI / RFI
• RF Absorber
• RF Gaskets
• Wire Mesh
• Fingerstock
• Shelding Tape
• Filtration Panels
• Shielded Windows

RFMW Ltd. is a premier RF & Microwave specialty distributor
created to support your component selection, technical design and
fulfillment needs. RFMW offers a complete range of services for
commercial, military, and space requirements.

RFMW is a cut above the typical distributor.
We understand your need for on-time delivery and value because
we face the same issues on a daily basis. Our focus on RF devices
and technology enables us to meet your expectations with the
highest service levels. 

RFMW Value-Added Services.
We provide many value-added services driven by customer
requirements – because we know RF and microwave.
   • DIE Services  • Packaging  • Electrical Test Capabilities
   • Device Tape & Reel  • Kitting  • Hi-Rel Screening
   • Solder Tinning  • Documentation Related Services
   • Obsolete Parts Replacement  • Custom Product Development

From antenna to baseband, RFMW is the center for all your RF
designs. Contact RFMW today or visit our website.

RF Transistors
• GaN
• LDMOS
• GaAs
• Bipolar
• High Power
• High Frequency

LNA OR LOW NOISE TRANSISTOR

RECEIVE

SWITCH OR PIN
DIODE

OR DUPLEXER/
DIPLEXER

LOW PASS
FILTER

COMBINER

TRANSMIT

LOAD
AMPLIFIER/POWER

TRANSISTOR

DIVIDER

TERMINATION

DRIVER/MODULE/ 
MMIC/TRANSISTOR

GAIN BLOCK OR 
TRANSISTOR

BANDPASS 
FILTER

MIXER OR
SCHOTTKY

DIODE

IF FILTER BASEBAND

MODULATOR

DEMODULATOR

BASEBAND

GAIN BLOCK OR 
TRANSISTOR

MIXER OR
SCHOTTKY

DIODE

IF FILTER

BUFFER 
AMPLIFIER

BUFFER 
AMPLIFIER

COAX CONNECTOR/CABLE ASSEMBLY

BANDPASS FILTER

PIN DIODE
ATTENUATOR OR

SYNTHESIZER/PLL VCO OR
DIVIDER

VARACTOR
DIODES

ANTENNA

RFMW = Design Solutions

The center for all
your RF designs

The center for all
your RF designs

RFMW Ltd. • 188 Martinvale Lane • San Jose, CA 95119 U.S.A.
Toll Free: +1-877-367-7369 • www.RFMW.com • sales@RFMW.com

We’ve got
you covered.
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Online

Web Survey

What antenna 
innovation will have the 
most near-term impact 
on our industry?
Look for our multiple choice survey 
online at mwjournal.com

White Papers

@            mwjournal.comVisit us

August Survey
What wireless application 

above 20 GHz will have the 
most volume over the next 

� ve years?

Sensors for industrial and IoT applications (9%)

WiGig short-range networks (5%)

Broadband services via satellite (18%)

Broadband services via terrestrial (32%)

Automotive radar (36%)

Catch Frequency 
Matters, the 
industry update from 
Microwave Journal, 
www.microwavejournal.com/
FrequencyMatters

Yonghui Shu, President of 
SAGE Millimeter, discusses 
the company’s technical 
capabilities and how SAGE 
Millimeter is responding to the rapidly growing 
demand for millimeter wave components for 5G 
systems.
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LEARNING
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Combining Near-Field Measurement and Simula-
tion for EMC Radiation Analysis

Uncover 802.11 WLAN Insights
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Antenna-Less Wireless: 
A Marriage Between Antenna 
and Microwave Engineering
J. Anguera, A. Andújar and C. Puente
Fractus Antennas, Sant Cugat del Vallés, Barcelona, Spain

For many decades, antenna 
and microwave engineer-
ing have been adjacent yet 
fairly separate disciplines. 

Both have experienced such a 
high degree of specialization and 
sophistication that experts in one 
area would rarely dispute the ex-
pertise of someone in the other. 
While microwave engineers have 
largely focused on taming the ra-
dio waves through all sorts of active 
(amplifiers, oscillators, active tuners, 
etc.) and passive (filters, couplers, 
splitters, etc.) devices, antenna en-
gineers have been exploring new 
and creative ways to free the waves 
through increasingly complex frac-
tal-based and related antenna ge-
ometries. However this divide may 
radically change with the introduc-
tion of “antenna-less” technology, 
a technology which makes antenna 
design much more similar to filter 
design than to conventional anten-
na engineering.

Antenna-less technology is 
based on replacing a complex and 
usually customized antenna design 
with an off-the-shelf, standard-

ized, miniature component called 
antenna booster. Being surface-
mount and chip-like in nature, the 
antenna booster fits seamlessly in 
an electronic printed circuit board, 
the same way any other electronic 
component does, such as a micro-
processor, memory, amplifier, fil-
ter or switch. It can be assembled 
with a conventional pick-and-place 
machine, making the design and 
manufacture of the next generation 
of IoT/mobile or wireless devices 
simpler, faster and more effective.

Miniature chip antennas have 
been available to antenna and mi-
crowave engineers for decades, so 
what is so radically different about 
these new antenna boosters that 
make them worth paying some at-
tention to? The radical innovation 
is their multiband capability. While 
conventional miniature chip anten-
nas were based on high-permittivity 
ceramics and delivered adequate 
performance for narrowband, single 
frequency applications (e.g., Blue-
tooth and GPS), the new antenna-
less boosters can deliver full mobile 
performance within a broad range 
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of frequency bands (e.g., 698 to 
2690 MHz) with a single part num-
ber. Moreover, their manufacturing 
is based on conventional low-cost 
materials (e.g., epoxy-glass sub-
strates or stamped-on-plastics as-
semblies), making this off-the-shelf 
solution potentially low-cost at very 
large production volumes.

An illustration of the radical 
change that the antenna-less tech-
nology means for the design of a 
new generation of mobile/IoT de-
vices is shown in Figure 1. From 
the old stubby, external monopole/
dipole antennas in early phones to 
the newest antenna boosters, an-
tenna technology has experienced 
a tremendous evolution in a race for 
increasing the number of frequency 
bands within an always decreasing 
component size.

Both the challenges of increasing 
the number of bands and reduc-
ing the antenna space have always 
been met with the mantra that ev-
ery antenna engineer knows: “one 
antenna size, one wavelength.” 
Despite the progress of antenna 
technology in providing more and 

Cover Feature
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integral part of a typically unbal-
anced antenna architecture, namely 
a monopole or a patch, either as 
such or in their shorted versions, i.e., 
the inverted-F antenna (IFA) and the 
planar inverted-F antenna (PIFA).

In these typical antenna architec-
tures, the ground-plane has always 
made a significant contribution to 
the overall antenna radiation.1 Now, 
what the new antenna-less technol-
ogy is doing is taking that contribu-
tion to its limit: the ground-plane 
becomes the sole radiating element 
of the system, the booster mainly 
being a reactive component that 
balances the ground-plane so that 
the full RF energy in the form of 
electric currents is injected strategi-
cally onto the radiating conducting 
layer.

Typically comprising a size com-
parable to the operating wave-
length, the ground layer supports 
multiple radiating characteristic 
modes that enable multiple wave-
lengths to be radiated from the 
ground layer simultaneously.2 This 
way, since radiation is obtained 
from a ground-plane layer that is 
already in the wireless device, and 
the antenna element is replaced by 
a purely reactive element, the wire-
less device becomes “antenna-less” 
in the sense of the original radiating 
antenna having been replaced by a 
component that induces radiation 
yet does not radiate, per se.

These new reactive components 
in antenna-less systems are the so 

more complex shapes to accommo-
date many bands in a small space, 
between 2008 and 2012 it seemed 
that technology had reached a fun-
damental limit, where antenna size 
could not be further reduced. After 
all, the well-known fundamental lim-
it established by Chu and Wheeler 
in the 1940s states that any device 
which is much smaller than the op-
erating wavelength (e.g., ≤ λ/10) 
would radiate poorly or, in the ex-
treme, would not radiate at all. So, 
how can these tiny antenna boost-
ers that are well beyond the small 
antenna limit—quite often below 
1/30 or 1/50 of the operating wave-
length—deliver full radiation per-
formance at mobile frequencies? 
Moreover, how can they deliver full 
radiation performance across mul-
tiple mobile/wireless wavelengths 
simultaneously?

THE PHYSICS OF ANTENNA-
LESS TECHNOLOGY

A key aspect of antenna-less 
technology is understanding the 
importance of combining one or 
more tiny antenna boosters with 
a radiating ground-plane. The 
ground-plane is typically a metallic 
counterpoise used regularly in just 
about every electronic wireless de-
vice to provide an even zero voltage 
reference to the device electronics, 
while introducing some shielding 
from electromagnetic interference. 
The ground-plane is used in most 
mobile and wireless devices as an 

s Fig. 1  Antenna evolution, from the external single-band antennas to the miniature 
antenna boosters.
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quality factor (high Q). Since the 
radiation mainly comes from the 
ground-plane, the booster becomes 
a mostly reactive element, which 
needs to have low losses to pre-
vent draining the RF power before 
it is conveniently radiated from the 
ground-plane. Block-solid metal-
lic elements and Faraday cage-like 
metallic structures are examples of 
designs that have successfully been 
used to implement electric boost-
ers,2-4 delivering the same overall 
efficiency as a much larger custom-
ized PIFA or IFA antenna.

One of the key benefits of an 
antenna-less system is precisely 
that the frequency response of the 
overall system is tailored through 
the matching network rather than 
through the antenna structure and 
geometry. With a matching network 
slightly more complex than that of 
a conventional PIFA antenna—typi-
cally three to seven components 
rather than the conventional one 
to three—about any frequency re-
sponse within the 698 to 2690 MHz 
frequency range can be tailored 
from a standardized, SMD antenna 
component. Consequently, rather 
than struggling to shape the an-
tenna piece to match the inside 
of the wireless device and, at the 
same time, deliver the required ra-
diation performance, the antenna/
microwave engineer now needs to 
focus on designing the right match-
ing network for each particular wire-
less or mobile device. By skipping 

called antenna boosters. An anten-
na booster is a miniature reactive 
component, typically smaller than 
1/20 or 1/30 of the longest operat-
ing wavelength, that can be conve-
niently embedded into a surface-
mount (SMD) component.3,4 Figure 
2 offers an example of a commer-
cially available antenna booster. 
It can take an electric or magnetic 
form, featuring either a small con-
ductor or a small gap into a con-
ductor, which becomes fed analo-
gously to its conventional electric 
and magnetic antenna relatives.4 

Being so small, these boosters are 
clearly off-resonance, meaning they 
need a matching network in order 
to provide a good match to the RF 
front-end. By designing the proper 
matching network, following some  
microwave engineering matching 
techniques, multiband radiation 
performance at virtually any mo-
bile frequency band can be easily 
obtained from the booster-ground-
plane set.

In many antenna-less systems, it 
is of upmost importance that both 
the booster and the matching net-

s Fig. 2  The CUBE mXTEND™ antenna 
booster from Fractus Antennas has a 
volume of 5 mm3.

s Fig. 3  Example of a five band, single-port mobile antenna system based on the 
CUBE mXTENDTM antenna booster. The evaluation board includes a booster, a ground-
plane and a matching network with six components.
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and a microwave computer-aided 
design (CAD) tool was used for the 
optimization in accordance with that 
goal. Once the matching network 
was designed and integrated in the 
PCB (shown in the top-left of Figure 
3), measurements for VSWR and 
total efficiency were carried out. 
The results (see Figure 4) showed 
a VSWR ≤ 3 across the operating 
bands and an average total efficien-
cy of 56.7 percent and 75.8 percent 
in the 824 to 960 MHz and 1710  to 
2170 MHz frequency regions, re-
spectively.

Designing through an antenna-
less architecture implies a change 
of paradigm, in which the antenna 
component (the antenna booster) 

the mechanical engineering of the 
antenna, the design of a wireless/
mobile application becomes faster, 
simpler and more predictable than 
ever.

ANTENNA-LESS 2G, 3G, 4G
The following example illus-

trates how a mobile platform can 
be enabled to operate at five fre-
quency bands with a set including 
a single antenna booster, a match-
ing network and a ground-plane. 
The booster is 5 mm × 5 mm × 5 
mm in size and operates from 824 
to 960 MHz and 1710 to 2170 MHz 
simultaneously. Figure 3 shows the 
evaluation board, which includes 
a booster, a ground-plane and a 
six-component matching network. 
Note that 5 mm is only λ/72 at 824 
MHz, well below the radiansphere 
of the small antenna limit.5 While 
the tiny SMD component was in-
stalled as any other chip antenna, 
it actually behaved as a booster 
by injecting radiation currents on 
a ground-plane about the size of 
a typical mobile device such as a 
smartphone. The actual location 
of the antenna booster depends 
on the dimensions of the ground-
plane. In this particular example, the 
corner is the preferred location. The 
location of the antenna booster with 
respect to the ground-plane plays 
an important role in determining 
the efficiency of the whole radiating 
system. Once the preferred loca-
tion is selected, the next step is to 
provide impedance matching. This 
two-step process will ensure that 
the antenna system radiates and re-
ceives electromagnetic waves with 
optimum total efficiency.

As mentioned, because the na-
ture of a ground-plane booster is 
reactive, a multiband matching net-
work is required to simultaneously 
match both frequency regions (824 
to 960 MHz and 1710 to 2170 MHz). 
Such a design is not as straightfor-
ward as a single band matching 
network, where an L-type or pi-type 
circuit is generally sufficient. In this 
particular case, a matching network 
of six lumped components was de-
signed. The target criteria for this 
design procedure was how much 
power from a generator was deliv-
ered to the ground-plane booster, 

s Fig. 4  VSWR and antenna efficiency 
including mismatch losses for the five 
band, single-port mobile antenna shown 
in Figure 3. 
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s Fig. 5  A three-port mobile platform 
covering the whole set of bands from 
698 to 2690 MHz, using four identical 
antenna boosters.
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highly immune to the interaction of 
the users hand.8

ANTENNA-LESS 
PERFORMANCE IN A MOBILE 
PLATFORM

It could be thought that using 
the ground-plane to support RF 
radiation currents would make the 
overall system more sensitive to 
interference and electromagnetic 
compatibility (EMC) issues than 
traditional systems. This is not the 
case, as systems using conventional 
PIFA and IFA antennas already use 
the ground-plane for radiation,1 so 
booster-based antenna-less systems 

becomes a fixed part, while the 
RF system is flexibly adapted to 
the requirements of each wireless 
platform or device. For instance, 
let’s say that the RF architecture 
requires expanding the range of 
frequencies to cover the full mobile 
range of bands from 698 to 2690 
MHz while using three separate 
input ports for the different fre-
quency regions. This markedly dif-
ferent mobile platform can still be 
designed using the same booster 
component as shown (see Figure 
5). In this test example, four boost-
ers were installed in three corners 
of the ground-plane using a three 
to four component matching net-
work6 to interconnect each booster 
to a coplanar transmission line. The 
lowest frequency port includes two 
boosters to increase the overall an-
tenna radiation efficiency including 
mismatch losses at the most chal-
lenging LTE700 frequency band. 
The test results, shown in Figure 
6, illustrate how the system is able 
to deliver an average antenna effi-
ciency of 46 percent, even at such 
a low band, rising to an average of 
70 percent at the higher one. Isola-
tion is always better than 15 dB in 
the worst case, staying better than 
30 to 65 dB for most of the bands 
and port combinations.

The example given in Figure 5 
illustrates some of the key features 
of this antenna-less technology: its 
flexibility and modularity. Nearly 
any RF architecture can be synthe-
sized using the same off-the-shelf 
antenna booster building blocks. 
How would the antenna/microwave 
engineer need to adapt the above 
design for use in a mobile/Blue-
tooth/GPS design with three ports? 
Again, the same three port archi-
tecture and antenna boosters could 
be used to combine the designs of 
Figure 5, while changing the match-
ing networks to adapt the system to 
Bluetooth and GPS.

By choosing the antenna boost-
er as the basic building block of the 
RF design, a microwave/antenna 
engineer can imagine an extremely 
wide variety of architectures, where 
multiple boosters can be combined 
to address just about any wireless 
challenge, from introducing diver-
sity to implementing MIMO7 to de-
veloping a robust system which is 

s Fig. 6  Three-port mobile design 
efficiency and VSWR for the LTE700 
(a), low frequency cellular (b) and high 
frequency cellular (c) bands. Transmission 
leakage among the three bands (d).
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measurement of the total radiated 
power (TRP) and total isotropic 
sensitivity (TIS) was conducted as 
shown in Figure 8. Results showed 
good alignment with the passive 
data: similar TRP was obtained at 
the 850 and 900 MHz bands (LFR) 
while higher TRP was measured 
in the 1800 and 1900 MHz bands 
(HFR). Regarding the TIS, it is worth 
emphasizing that the measured val-
ue was similar for the two cases at 
LFR and around 1 dB better at HFR.

While passive and active param-
eters (efficiency, TRP and TIS) evalu-
ate the performance from a techni-
cal perspective, where testing is car-
ried out in a controlled environment 
such as an anechoic chamber, field 
tests generally provide complemen-
tary information on how the solu-
tion behaves in a real world environ-
ment, where multipath fading and 

is no different. This is illustrated by 
integrating a booster-based anten-
na in a multiband mobile platform 
(see Figure 7a). The results of active 
measurements and field tests were 
compared with the same measure-
ments of the original embedded 
customized PIFA antenna (see Fig-
ure 7b). In this case, owing to the 
slim profile of the smartphone used 
for the demonstration, a slimmer yet 
elongated booster was used instead 
of the cubic antenna booster. Mea-
suring 12 mm × 3 mm × 2.4 mm, the 
booster was retrofitted on a corner 
of the PCB inside the mobile de-
vice, removing the existing laser di-
rect structuring (LDS) antenna.

It is worth noting that the volume 
of the original antenna is 707 mm3, 
whereas the volume for the antenna 
booster is only 86.4 mm3—8x small-
er. Despite its much smaller volume, 
the antenna booster integrated in-
side the smartphone provides the 
same efficiency from 800 to 960 
MHz, better efficiency from 1710  to 
2170 MHz and more balanced effi-
ciency from 2500  to 2590 MHz, as 
Figure 7b illustrates. Moreover, ow-
ing to the larger bandwidth made 
available by the booster-ground-
plane combination, an additional 
frequency band (LTE2300: 2300  to 
2400 MHz) that was not featured in 
the original smartphone is enabled 
by the alternative antenna-less so-
lution. Beyond the passive test, a 

s Fig. 7  A 12 mm × 3 mm × 2.4 mm 
antenna booster mounted on a corner 
of the smartphone PCB (a), enabling 
a comparison of the overall antenna 
efficiency of the booster-based antenna 
with the smartphone’s original PIFA 
antenna (b).

60
50
40
30
20
10
0

3.02.62.21.81.41.0

To
ta

l E
f�

ci
en

cy
 (%

)

Frequency (GHz)

Original Antenna
Antenna Booster

(a)

(b)

s Fig. 8  Comparison of the booster-
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bile propagation environment with 
multipath but also the interaction 
with the user, i.e., both head and 
hand. The subjective test, in con-
trast to the objective test, consists 
of carrying out the same procedure, 
but instead of collecting data on the 
received power, the audio quality 
perceived by the user is considered.

For the objective field test, the 
following procedure was estab-
lished. An urban area with several 
buildings, train tracks and nearby 
roads was selected. A first user with 
the antenna under test integrated 
in the smartphone walked from a 
starting point to an ending point 
forming a closed path. The user 
held the phone in a standard way.9 

Then, a second user called the first 

interaction with a human operator 
is present. A fairly simple field test 
consists of taking the smartphone 
with the antenna under evaluation 
and establishing a phone call with 
another user. Since a field test at-
tempts to reflect performance in a 
real situation, an urban scenario is 
usually chosen for conducting the 
experiment. In general, two kinds of 
field tests might be carried out: ob-
jective and subjective. An objective 
field test consists of selecting an 
urban scenario where a user estab-
lishes a phone call with the smart-
phone incorporating the antenna 
under test and collects the received 
power from a base station. One of 
the benefits of this test is that it not 
only takes into account a real mo-

s Fig. 9  Objective field test results comparing the original PIFA antenna and the 
antenna-less system: the original antenna operating at GSM900 (a) and UMTS (b) and 
the antenna booster at GSM900 (c) and UMTS (d).
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booster is 8 to 10x smaller than that 
of an equivalent LDS antenna, the 
results show that both the passive 
(radiation efficiency, VSWR, isola-
tion) and active (TIS, TIR) param-
eters generally deliver comparable 
or better results for the antenna-less 
case.n
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one to establish a phone call. Using 
the application GSM Field Test, the 
received power was collected as a 
function of the position, while the 
first user moved at walking speed. 
The experiment was carried out 
both for the antenna-less phone 
and with the original antenna and 
for two frequency bands: GSM900 
and UMTS.

The results, shown in Figure 9, in-
dicate that the received power was, in 
both cases, stronger at GSM900 than 
at UMTS, which is consistent with the 
fact that space losses are higher at 
UMTS than at GSM (around 7 dB) and 
also with more power transmitted (3 
dB) by GSM900 base stations than 
UMTS (antenna gains are considered 
equal). As the results indicate, de-
spite having eight times less volume, 
the antenna-less solution was able to 
match or improve the performance 
of the original conventional antenna 
in the commercial smartphone. This 
indicates that not only is the antenna-
less system capable of matching the 
passive performance of a convention-
al and much larger PIFA antenna, it is 
also able to deliver adequate perfor-
mance in real world active wireless or 
mobile platforms.

CONCLUSION
Antenna-less wireless architec-

ture provides a new set of tools 
and methods for approaching the 
design of a wireless/mobile device. 
Antenna and microwave engineer-
ing merge in this new technology 
to deliver a fast, simple and effec-
tive design architecture. Owing to 
the standardization of the antenna 
part using the new class of miniature 
SMD antenna boosters, antenna-
microwave engineers can design an 
antenna system via a process that is 
fast, flexible, modular and very simi-
lar to a filter design. No more cum-
bersome mechanical customization 
is needed. Additionally, because 
the booster component is fixed, a 
potential low-cost solution can be 
obtained through economies of 
scale.

The experiments and extensive 
results show that despite the savings 
in cost and volume in the device, 
the performance of an antenna-less 
system matches that of a conven-
tional one. While the volume of the 
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MWJPerspective

Randy Oltman
Analog Devices Inc., Norwood, Mass.

5G Is Coming:  
How T&M Manufacturers Can 
Prepare For and Benefit From 5G

For many, that headline is both a beacon of hope and a 
source of trepidation. This is especially true for test equip-
ment manufacturers. While 5G offers the opportunity for 
healthy growth, there are several factors that will make 

reaping benefits from this generation of wireless broadband 
technology more challenging than it was for its predecessors.

Let’s start with the current situation for electronic test and 
measurement (ETM) manufacturers. What generates growth in 
the wireless ETM business is the combination of new handset 
models, an increasing volume of annual handset shipments and 

wireless technology advancements that drive new infrastructure 
equipment. We have seen a reduction in the growth rate of hand-
set shipments as annual shipment volumes have started to ex-

ceed one billion units. At the same time, mergers and acquisitions 
in the wireless infrastructure industry have reduced the number of 
customers in that segment. Finally, ETM manufacturers have also 

been coping with delays in the deployment of LTE-Advanced car-
rier aggregation in major markets. The result is a slowing market 

for LTE R&D and production test equipment as the industry 
awaits the technology shift to 5G (see Figure 1).

5G IS COMING—WITH CHALLENGES
As wireless broadband technology has evolved from 

generation to generation—especially from feature to fea-
ture—ETM manufacturers have often been able to rely on 
software upgrades to adapt to changes. The move to 5G, 
however, is seen as a giant stride forward that will require 
new and far more complex solutions.

Behind the faster speed, reduced latency, increased 
capacity and improved reliability of 5G are new and less 
familiar technologies, such as mmWave, massive MIMO 
and adaptive beamforming—all of which will demand 
significantly more advanced base stations and customer 
devices. The most substantial change to the 5G physi-
cal layer is the option for mmWave transmission coupled 
with adaptive beamforming, requiring a large number 
of antenna elements. While mmWave transmission is 
a familiar technology for point-to-point line-of-sight 
wireless backhaul, using those frequencies in a cellular 
topology, where each cell serves hundreds or thou-
sands of mobile users and where many antennas will 
be integrated into advanced device packaging, is 
challenging and uncharted territory. It is clear that to 
research, develop and test the new technologies 
behind 5G, ETM equipment will have to deliver 
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Combined, the partnering activi-
ties outlined above are helping ETM 
manufacturers get the solutions they 
need, accelerating their own sched-
ules and, thereby, helping them and 
their customers succeed.

THE CHALLENGES
With the desire to reduce time-

to-market and meet the demands 
of 5G, ETM manufacturers need to 
develop equipment prior to stan-
dards being finalized. Because 5G 
standards will remain in flux for the 
foreseeable future, working with the 
right supplier is giving manufacturers 
access to high performance solu-
tions across the entire signal chain, 
from mmWave to bits. In that way, 
even as the 5G standard changes, 
there will be no need to scrap the 
original hardware design.

ETM manufacturers will face in-
creased demands for greater capa-
bilities and lower costs. As a result, 
test products for 5G will be far more 
complex than those of generations 
before. Looking beyond individual 
components to chipsets and sys-
tem solutions is helping manufac-
turers squeeze more performance 
out of limited space and lower cost 
targets—something especially de-
manded of modular instrumentation. 
At the same time, this high level of 
integration, as well as the increased 
signal chain count required for MIMO 
and beamforming, is putting even 
greater demands on power. By work-
ing with suppliers, especially those 
with the broadest portfolio of prod-
ucts, it is becoming possible to better 
engineer components into complete 
signal chain solutions to meet the de-
manding performance, power, space 
and time-to-market requirements of 
tomorrow’s instrumentation.

READY OR NOT
5G is an evolutionary leap rather 

than a simple generational step-up. 
While questions still remain about 
what 5G will be when it arrives, 
there is no doubt that it is on the 
way. Whether 5G becomes an op-
portunity for ETM manufacturers will 
depend heavily on whether they are 
ready when this new technology ar-
rives. Embracing partnerships and 
alliances with key suppliers will sig-
nificantly help ETM manufacturers 
thrive in the coming 5G market. ■

many challeng-
ing performance 
goals, including 
unprecedented 
speed, connection 
density and ubiqui-
ty. Association with 
important wireless 
industry organiza-
tions such as ITU 
and 3GPP, and col-
laboration with any 
of the multitude of 
important research 
organizations such 
as NIST and any 
of the numerous 
5G research alli-
ances, is a first step 
toward greater 
understanding of 
the 5G technology 
trajectory. In addi-
tion, ETM manu-
facturers appear to 
be gaining a better 
foothold in the 5G 
market by forming 

partnerships and alliances with sup-
pliers.

Moving supplier relationships 
from highly transactional to being 
more collaborative can bring greater 
effectiveness to ETM manufactur-
ers. Knowledge sharing and close 
collaboration with private compa-
nies, including operators and suppli-
ers, is essential to timely delivery of 
new test products with features that 
are best aligned with early market 
needs. Nondisclosure agreements 
and other proprietary arrangements 
are giving manufacturers early access 
to new ideas and emerging tech-
nologies, further enabling the tech-
nological breakthroughs required to 
deliver 5G test capabilities.

Component suppliers are provid-
ing information to optimize the per-
formance of existing products be-
yond published data or are going a 
step further, such as creating part de-
rivatives to meet specific needs. The 
right partnerships can bolster an ETM 
organization’s strengths with early ac-
cess to advanced technology. Further, 
by transferring design work to expe-
rienced suppliers, an ETM manufac-
turer can free up scarce engineering 
resources, allowing them to focus on 
their strength of delivering value-add-
ed product features.

far more advanced capabilities than 
previous generations. The ETM chal-
lenge is made more difficult by the 
fact that the 5G standards have not 
yet been finalized. And, like previous 
generations of wireless technology, 
there is the very strong desire by 
operators to be first with deployed 
networks, intensifying the need for 
ETM equipment early in the technol-
ogy lifecycle.

Normally, this list of challenges 
would excite and energize an R&D 
group. However, the slackening 
growth in LTE ETM equipment has 
left some manufacturers with far few-
er resources to devote to 5G innova-
tion and development.

A PEEK BEHIND THE CURTAIN
While 5G introduces significant 

hurdles, they are not insurmount-
able, especially if you subscribe to 
the wisdom of the African proverb 
shown in Figure 2. New levels of 
cooperation can be seen through-
out the wireless industry. Instru-
mentation, wireless infrastructure, 
semiconductors and software or-
ganizations are working together 
with standards bodies, research or-
ganizations and government regu-
lators worldwide to ensure that 5G 
is a unified standard addressing the 

s Fig. 1  A slowing market for LTE test equipment has 
manufacturers eagerly awaiting the acceleration of 5G.

s Fig. 2  An African proverb that applies to ETM 
manufacturers.
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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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several DoD programs of record, MAFIA supports mul-
tiple operating systems and provides services, libraries, 
common applications and a software development kit 
for performer integration. These features will facilitate 
creation of MFP’s envisioned plug-and-play system ca-
pable of integrating new sensors and emerging tech-
nologies. In addition, DARPA is working closely on MFP 
with the Department of Homeland Security’s Science & 
Technology Directorate and the U.S. Coast Guard. 

The MFP program is aiming for three phases punctu-
ated by open-air demonstrations involving increasingly 
sophisticated threats and scenarios. The goal is for the 
technology demonstration system to show initial func-
tionality at the end of Phase 1 and progressively im-
prove, culminating in a full-capability demonstration on 
a moving vehicle or vessel by the end of Phase 3. 

At the conclusion of each open-air demonstration, 
DARPA plans to offer the services and other U.S. Gov-
ernment agencies the opportunity to fund extended 
field evaluations of the current technology demonstra-
tion system. DARPA’s goal is to develop the interim ver-
sions and the final prototype system to meet the needs 
of a broad number of potential U.S. government and 
commercial users.

General Dynamics Awarded $105M CAC2S 
Full-Rate Production Contract

U
.S. Marine Corps awarded General Dynamics 
Mission Systems a full-rate production con-
tract worth approximately $105 million over 

four years for the Common Aviation Command and Con-
trol System (CAC2S) program. CAC2S integrates informa-
tion from various aerial and ground-based radar systems 
and sensors to enable a common, real-time air picture. 
Used by the Marine Air-Ground Task Force, CAC2S visu-
ally combines ground and aviation data for greater situ-
ational awareness and faster decision-making.

“Mission Systems will provide the Marine air com-
mand and control team and aviators with an integrated 
air-ground picture that allows them to adapt quickly in 
any size operation,” said Bill Weiss, Ground Systems 
vice president and general manager at General Dynam-
ics Mission Systems. “CAC2S will help Marines at any 
echelon to plan and execute their missions faster and 
more effectively.”

Fielding of CAC2S to operational units began in May 
2017 at the Marine Corps Air Station at Cherry Point, 
N.C. The Marine Air Control Squadron-2 (MACS-2) is 
the first Marine Corps unit to receive CAC2S.

CAC2S consolidates the existing functionality of the 
seven Marine Air Command and Control Systems into 
one system. Developed using an open architecture ap-
proach, technology insertion and capability enhance-
ments are easy to implement and intuitive to use.
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Mobile Force Protection Aims to Thwart 
Adversaries’ Small Unmanned Aircraft

D
ARPA’s Mobile Force Protection (MFP) pro-
gram focuses on a challenge of increasing 
concern to the U.S. military: countering the 

proliferation of small, unmanned aircraft systems (sUAS). 
These systems—which include fixed- or rotary-wing air-
craft with numerous advantages such as portability, low 
cost, commercial availability and easy upgradeability—
pose a fast-evolving array of dangers for U.S. ground 
and maritime convoys. 

Countering these threats in real-time requires a 
range of technology advances to enable rapid detec-
tion, identification, tracking and neutralization of ad-
versary sUASs—all while mitigating collateral damage. 
MFP aims to achieve these goals by developing scal-
able, modular and affordable approaches that could be 
deployed within the next three to four years and nimbly 
evolve with advances in threats, tactics and technology.

The Agency recently awarded Phase 1 agreements 
for MFP to three teams, led by Dynetics Inc., Saab De-
fense and Security USA LLC and SRC Inc. 

“The three teams have innovative ideas for a ver-
satile, layered defense system that could protect con-
voys on the move from multiple sUASs in real-time,” 
said Jean-Charles Ledé, a program manager in DARPA’s 
Tactical Technology Office (TTO). “Each team will now 
work to integrate novel ideas for advanced sensors and 
neutralization approaches into a common framework 
emphasizing safety for civilian bystanders, ease of op-
eration and low SWaP and cost. Our goal is a technol-
ogy demonstration system that could fit onto currently 
deployed tactical ground vehicles and maritime ves-
sels—getting advanced and upgradeable capabilities 
quickly to the warfighters who need them.” 

DARPA has selected the U.S. Army’s Maneuver Avia-
tion and Fires Integration Application (MAFIA) service-
oriented architecture as the common framework for 
the data-fusion engine, decision-aid algorithms and 
user interface, as well as the backbone for the teams’ 
command and control (C2) software. Already fielded by 

Mobile Force Protection (DARPA Image)
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Air & Missile Defense Radar Stacks Up 
Second Ballistic Missile Test Success

R
aytheon Company’s AN/SPY-6(V) Air and Mis-
sile Defense Radar successfully searched for, 
acquired and tracked a ballistic missile test 

target during its second live-target flight test at the U.S. 
Navy’s Pacific Missile Range Facility in Kauai, Hawaii.

This test event featured a more complex, threat-
representative ballistic missile target than prior tests, 
intended to challenge the detection and tracking capa-
bilities of the new radar. AN/SPY-6 acquired and main-
tained the long-range missile target track, from launch 
through flight.

“We are continuing to stress this radar by increasing 
the range and complexity of the targets and demon-
strating the radar is meeting its performance require-
ments,” said Navy Capt. Seiko Okano, major program 
manager for Above Water Sensors, Program Executive 
Office (PEO) Integrated Warfare Systems (IWS). “AN/
SPY-6 is the nation’s most advanced radar and will be 
the cornerstone of the U.S. Navy’s surface combatants 
for many decades.”

This result is the most recent in a series of successes 
for AN/SPY-6, following the tracking of the first ballistic 

missile target in March 2017. Building up to that mile-
stone, the radar was tested against targets of increasing 
complexity, including integrated air and missile defense 
targets of opportunity, satellites and aircraft.

Having achieved Milestone C ahead of schedule, the 
program remains on track for delivery to the first DDG 
51 Flight III destroyer. AN/SPY-6(V) transitioned to Low 
Rate Initial Production with the May 1 contract award for 
the first three ship sets.

AN/SPY-6(V) provides greater capability—in range, 
sensitivity and discrimination accuracy—than currently 
deployed radars, increasing battlespace, situational 
awareness and reaction time to effectively counter cur-
rent and future threats. It is the first scalable radar, built 
with Radar Modular Assemblies (RMA)—radar building 
blocks. Each RMA, roughly 2 ft x 2 ft x 2 ft in size, is 
a standalone radar that can be grouped to build any 
size radar aperture, from a single RMA to configurations 
larger than currently fielded radars.

The U.S. Navy’s new Enterprise Air Surveillance Ra-
dar leverages the highly-scalable design and mature 
technologies of AN/SPY-6 in a scaled nine-RMA con-
figuration to meet the mission requirements of carri-
ers and amphibious ships. The commonality—in both 
hardware and software—with AN/SPY-6 offers a host of 
advantages, including maintenance; training; logistics; 
and lifecycle support. 
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March 20-22, 2018
China National Convention Center

Beijing, China

Do you work on RF, microwave, or high-speed digital designs and 
have design experience or knowledge to share? EDI CON China 
2018 is now accepting abstracts. EDI CON provides practical 
information addressing today’s RF, microwave, EMC/EMI, and 
high-speed digital design challenges using available materials, 
tools, products, and techniques. Submit your abstract today 
to be considered for one of EDI CON’s peer-reviewed technical 
sessions. 

CALL FOR PAPERS

Conference Topics
• RF and Microwave Design
• High-Speed Digital Design
• Measurement & Modeling
• Systems Engineering

Submit your paper online at
EDICONCHINA.com 

by November 30, 2017

2018

Host Sponsor: Diamond Sponsor: Corporate Sponsor: Organized by:

• 5G Technologies
• EMC/EMI
• IoT Design
• Radar Communications

www.EDICONCHINA.com
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Nokia Drives 5G MoNArch European 
Research Project

N
okia has launched the 5G Mobile Network 
Architecture (5G MoNArch) research proj-
ect. Supported and financed as part of 

Phase II of the 5G Infrastructure Public Private Part-
nership (5G-PPP) under the auspices of the European 
Union’s Horizon 2020 Framework Programme, the 
project will put fifth-generation mobile network archi-
tecture into practice. 

Scheduled to run for two years with a total budget 
of €7.7 million, 5G MoNArch involves 14 key mobile 
network players from six European countries, bringing 
together the complementary background and techni-
cal know-how required to turn the project’s vision into 
reality, focusing on the implementation of a set of 5G 
use cases in real-world test beds.

5G MoNArch’s specific goal is to use network slic-
ing, which capitalizes on the capabilities of software-
defined networking (SDN), network functions virtual-
ization (NFV), orchestration and analytics, to support 
a variety of use cases in vertical industries. Network 
slicing is a technique where the network is logically 
(not physically) sectorised, so that separate services 
are supported by each “separate” logical network. As 
5G networks need to simultaneously support various 
services with different requirements, network slicing 
will be a crucial aspect of the network architecture, 
providing flexible and adaptive networks which fulfil 
the 5G requirements.

Peter Merz, head of End-to-End Mobile Networks 
Solutions at Nokia Bell Labs, said: “5G PPP brings to-
gether a range of stakeholders from the communica-
tions technology sector and other industries. We fol-
low a shared architecture of what the next-generation 
communications infrastructure needs to look like to 
enable and meet the network demands of the next 
decade. 5G communication needs both private and 
public entities to invest in the infrastructure and ensure 
Europe remains competitive. Nokia is fully committed 
to the 5G PPP: we have delivered know-how and in-
novative technologies since its launch in 2015 in order 
to strengthen the European 5G footprint.”

Leti Launches Emulator Service for 
European Chipmakers

L
eti, a technology research institute of CEA 
Tech, and Mentor®, a Siemens business, an-
nounced that Leti will provide access to the 

Mentor Veloce® emulator to SMEs and start-ups and 
introduce emulation technology to global companies. 
The Veloce emulator is a high-capacity, high-speed, 

multi-application tool for emulation of system-on chip 
(SoC) designs that was installed at Leti in 2013. 

The Leti offer, which targets European chipmakers, in-
cludes the institute’s expert support, such as taking con-
trol of device design, optimized implementation within 
the emulator, debug and analysis of results. It will also 
provide access and support to additional specific tools 
available in its Grenoble, France facility as needed. 

Emulation is a vital process for more efficient devel-
opment of complex digital circuits that includes de-
bugging the design at early stages and validating the 
upstream, onboard software operation. The Veloce 
emulator accelerates block and full SoC register-trans-
fer level (RTL) simulations during all phases of the de-
sign process, ending the long delay between starting 
simulations and getting results. It enables pre-silicon 
testing and debug, can use real-world data while both 
hardware and software designs are still fluid.

“Veloce dramatically speeds up the design cycle, be-
cause it is 1000x faster than traditional RTL simulation 
tools,” said Thierry Colette, head of Leti’s Architecture, 
IC Design and Embedded Software division. “It is now 
possible to verify multi-processor circuits that have sev-
eral billion transistors—a real competitive advantage 
that improves return on investment and speeds time 
to market. But because this powerful tool represents 
a major investment for microelectronics manufacturers 
or design houses, Leti is launching this special emula-
tion service to provide our partners direct access to this 
technology and the benefits it offers.”

Leonardo’s U.K.-based Space Business 
Provides Support to ESA 

L
eonardo has signed a contract worth €11 
million per year for up to five years with the 
European Space Agency (ESA) under which 

the company’s Telespazio VEGA U.K. subsidiary, based 
in Luton, will provide subject matter experts to the 
ESA in support of their programmes and missions. The 
Luton facility also supports the first U.K. ground station 
for the Italian Space Agency’s COSMO-SkyMed satel-
lite radar constellation, based in Harwell, U.K.

The ESA’s satellite programmes demand world class 
expertise and need to be innovative, robust, secure 
and work first time, every time. Telespazio VEGA U.K. 
is able to draw on the pan-European presence of the 
Telespazio Group to provide high quality staff, with 
a wide variety of engineering skill sets, to all of the 
ESA’s locations in Europe. Such skill sets include sat-
ellite communications/navigation, remote sensing, in-
tegrated applications, software and control systems, 
automation, optics, electromagnetics, power/radio-
frequency systems, science operations and training 
support for astronauts.

Visit mwjournal.com for more international news.

InternationalReport
Richard Mumford, International Editor

For More
Information
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Leonardo is strongly committed to its space busi-
ness in the U.K. This is in line with the ambitions of 
the U.K. government, which has identi� ed the space 
industry as a key sector for economic growth and is 
a major investor in British space technology and re-
search. 

UN Report Identifi es Broadband’s 
Important Role in Development

B
roadband technologies are driving substan-
tial transformation in many development-
related sectors including health, education, 

� nancial inclusion and food security, making them a key 
accelerator towards achievement of the United Nations’ 
Sustainable Development Goals (SDG), says The State 
of Broadband 2017: Broadband Catalyzing Sustainable 
Development report released by the UN Broadband 
Commission for Sustainable Development.

Issued annually, the report is a global snapshot of 
broadband network access and affordability. It also ex-
amines global trends in broadband connectivity and 
technologies, re� ects on policy and regulatory devel-
opments, as well as the applications of broadband for 

sustainable development and presents several policy 
recommendations.

The report identi� ed growing digital inequality; while 
48 percent of the global population is now online, some 
3.9 billion people still do not have access to the Inter-
net—with the digital gap growing between developed 
and developing countries. According to estimates, In-
ternet penetration in the developing world is projected 
to reach 41.3 percent by the end of 2017, while Internet 
user penetration is projected to reach only 17.5 percent 
in Least Developed Countries (LDC) in 2017. Also, only 
76 percent of the world’s population lives within access 
of a 3G signal, and only 43 percent of people within 
access of a 4G connection. Unless people have the op-
portunity to migrate from 2G to at least 3G to 4G and 
beyond, they will remain under-connected.

Fixed and mobile broadband services are becoming 
progressively more affordable in a large number of coun-
tries. However, there are many challenges to making In-
ternet access affordable for developing countries, in part 
due to the high costs of satellite access and � bre-optic 
cables. Also, over the last year there has been impressive 
growth in the number of new Internet Exchange Points 
(IXP), an important form of support infrastructure that can 
potentially help reduce latency and cut transit costs. The 
growth of IXPs in Africa over the last year is signi� cant.

Evolution to 5G
Let’s communicateNew devices FOR RF aNd MicROw

ave aPPLicaTiO
N

s

Bandpass Filters
l  Up to Ka band
l  Surface mount
l  Temperature stable
l  Extreme repeatability
l  Custom versions available

Lowpass/High pass Filters
l Surface mount
l  Temperature stable
l  30-40db rejection 2 harmonics out
l  Compact footprint - 5.6 x 3.6mm

Power Dividers
l  Broadband offering 2-10 and 6-18GHz
l  Minimal IL of 0.5dB or less
l  Up to 5 watt power handling
l  Surface mount and Chip & Wire options
l  High permittivity dielectrics make for  
 small package sizes

Couplers
l  C, X, Ku band offering
l  Extreme repeatability
l  Extremely small package size - 2.5 x 2.0mm
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ZVA

          super ultra wideband

AMPLIFIERS
Ultra wide coverage and super flat gain make our ZVA family ideal 
for ECM, instrumentation, and test systems. With output power up 
to 0.5 Watts, they’re simply some of the most usable amplifiers you’ll 
find, for a wide range of applications and architectures!

All of our ZVA models are unconditionally stable, ruggedly 
constructed, and able to withstand open or short circuits at full 
output. For more details, from data sheets to environmental ratings, 
pricing, and real-time availability, just go to minicircuits.com!

up to +27 dBm output...  0.1 to 21 GHz 

440 rev W

All models IN STOCK!        RoHS compliant

* Heat sink must be provided to limit base plate temperature.To order 
  with heat sink, remove “X” from model number and add $50 to price.

Electrical Specifications (-55 to +85°C base plate temperature)
  Model   Frequency Gain   P1dB IP3     NF Price $ * 
  (GHz)   (dB) (dBm) ( dBm) (dB) (Qty. 1-9)  
 
 ZVA-183WX+ 0.1-18 28±2 27 35 3.0 1479.95
 ZVA-183GX+ 0.5-18 27±2 27 36 3.0 1479.95
 ZVA-183X+ 0.7-18 26±1 24 33 3.0 929.95   
 ZVA-213X+ 0.8-21 26±2 24 33 3.0 1039.95    
                          

 0.1 0.5 0.7 0.8                    Frequency (GHz) 18    21

183W+

183G+

183+

213+
I I I I   I I

Wideband Performance

Mini-Circuits®

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

 from

$92995
 ea.

NEW!
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476 Rev N

MMIC 
AMPLIFIERS

NF from 0.5 dB,  IP3   to +48 dBm,  Gain from  8   to 39 dB,  Pout to +30 dBm

Mini-Circuits®

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

from qty.  100085¢DC to 26.5  GHz

Gali, 
GVA, PHA

PSA

from 0.5 dB,  IP3 48 dBm,  Gain 

Gali, 

PSA

      AVM,  
AVA, PMA

CMA Ceramic

LEE
ERA

 www.minicircuits.com/products/ez_samples.shtml
FREE Samples On Demand!

E ZSAMPLES
To Get

RoHS compliant

Now with over 170 MMIC amplifier models covering frequencies from DC to 26.5 GHz*, including die forms, chances 
are Mini-Circuits has your application covered. Our ultra-broadband InGaP HBT and PHEMT amplifiers offer one of the 
industry’s most comprehensive selections of gain, output power, IP3, and noise figure to optimize your commercial,  
industrial, or military system performance. They can even meet your most critical size and power requirements 
with supply voltages as low as 2.8V, current consumption as low as 16mA, and packages as small as SOT-363  
(1.35 x 2.25mm). Our tight process control ensures consistent performance across multiple production runs, so you can 
have confidence in every unit.  

Visit minicircuits.com and use our Yoni2® search engine to search our entire model database by performance criteria 
for the model that meets your needs. You’ll find pricing, full model specs, characterization data, S-parameters, and even 
free samples of select models!  So why wait?  Place your order today, and have units in your hands as soon as tomorrow!

*Low-end frequency cut-off determined by external coupling capacitors and external bias choke.

 RF  
T   L BELT

 

Selected models
now available
in die form!

® Searching millions of actual 
data points to meet your 
specific requirements.

U.S. Patents 7739260
                    7761442                    https://www.modelithics.com/MVP/MiniCircuits

FREE X-Parameters-Based  
Non-Linear Simulation Models for ADS 
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Los Angeles, New York and Chicago are the 
Smartest Cities in North America

C
ities were evaluated across various metrics 
such as deployment of LED streetlights, 
smart meters, renewable energy, electric 

mobility, smart parking, mobility-as-a-service (MaaS), 
vehicle-to-everything (V2X) technologies, smart waste 
and first responder communications.

“New York is the leading city with the highest deploy-
ment of LED streetlights in the U.S., followed closely by 
Los Angeles,” says Raquel Artes, industry analyst at ABI 
Research. Chicago will have the highest upgrade of cur-
rent legacy streetlights, as the local government is target-
ing to replace 270,000 legacy streetlights with energy-ef-
ficient LED lights by 2021. SilverSpring Networks, Telensa, 
Philips and GE are the key stakeholders in this space.

Additionally, Florida, 
New York, Miami and 
Michigan are the lead-
ing sites that would likely 
have the highest deploy-
ment of V2X technolo-
gies due to government 
initiatives to boost road 
safety and accelerate the 
development of autonomous vehicles. Meanwhile, New 
York leads in the replacement of existing legacy pay-
phones with state-of-the-art kiosks called Links. Chicago 
and Kansas City have recently trial-launched smart Wi-Fi 
kiosks, and smart sanitation bins are gaining traction in 
Los Angeles, New York, Chicago, Tampa City, Philadel-
phia, San Diego, San Francisco and Texas.

While larger cities are focusing on large-scale de-
ployment of smart city projects and experimental tech-
nologies, their smaller counterparts tend to prioritize 
projects based on more immediate tangible benefits 
such as cost savings, reduction of carbon footprint and 
the overall improvement of quality of life.

Top smart city projects that aim to reduce carbon 
emissions and air pollution are:
•	 �Electric Mobility. Overall, Los Angeles, San Fran-

cisco and New York have the highest deployment of 
electric vehicles (EV) and EV charging stations in the 
U.S. Among medium-sized states, Oregon ranked 
first, followed by Colorado and Maryland. Among 
small area population states, Hawaii ranked first, fol-
lowed by Vermont and New Hampshire. This is driv-
en by government mandates such as zero emission 
vehicle (ZEV) programs and Clean Energy Acts.

•	 �Solar PV. Los Angeles ranked first, followed by San 
Diego and Phoenix with the highest deployments 
of solar PV technologies. Among mid-sized cities, 
Honolulu ranked first, followed by Albuquerque and 
New Orleans. Among smaller cities, Newark ranked 
first, followed by Cincinnati. 

Mobile Players Leverage Smart Home 
Integration, Support Long-Term Strategy

T
he smart home is battleground for a range 
of established players and new entrants 
each seeking to gain a major foothold in the 

emerging market. In a bid to leverage their global user 
bases, mobile device and operating system vendors are 
increasingly integrating their offerings into smart home 
platforms and controllers.

A recent ABI Research report studied the growing 
role of mobile devices in the home and how the global 
mobile user-base surpassing 7.5 billion connections of-
fers some of the most valuable, global IT companies—
like Amazon, Apple, Google and Samsung—ways to le-
verage the smart home to extend their core businesses 
and user bases into the home.

“There are a number of drivers pushing mobile inte-
gration into the smart home, but the value of end user 
data is prominent,” says Jonathan Collins, research 
director at ABI Research. “Any mobile player that can 
push to provide smart home management can leverage 
that data to extend their core services, as well as be the 
data gatekeeper for a range of partners across multiple 
industries.”

Key market players 
are already preparing for 
the benefits of mobile 
integration in the smart 
home. Apple’s HomeKit 
initiative provides the 
ability to better under-
stand its customer base 
and sell additional devic-
es and services into con-

sumers’ homes. Google gains additional insight into its 
consumers’ behaviors that will support its core advertis-
ing revenue stream. Even Amazon, a much smaller mo-
bile market player, already set its sights on smart home 
services to help understand and target its customer re-
lationships.

Tighter integration between the mobile and smart 
home environments will ultimately provide the infra-
structure for a wide range of applications and integra-
tions, further personalizing consumer and citizen in-
teraction with the world around them. The emerging, 
more advanced smart home solutions will have a long-
term effect on the broader IoT and enterprise markets. 

“Telcos, cable companies, utilities, security provid-
ers and retailers are already working to expand their 
smart home footprints,” concludes Collins. “How they 
compete or align with the mobile industry over the next 
five years will determine which players reap the greatest 
benefit from widespread smart home adoption.”

Visit mwjournal.com for more commercial market news.

CommercialMarket
Cliff Drubin, Associate Technical Editor

For More
Information

Mobile players that 
provide smart home 
management can 
leverage user data to 
extend core services. 

Most U.S. states 
are embracing the 

digital transformation.
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CommercialMarket

•  Smart Meter. Among large states, California, Texas 
and Florida were the leading states with the highest de-
ployments of smart meters in the U.S. in 2016. Among 
medium-sized states, Maryland ranked � rst, followed 
by Alabama and Oklahoma. Among smaller states, 
Maine ranked � rst, followed by Idaho and Delaware.

VR Expected to Reach Over a Quarter of a 
Billion Users Worldwide by 2022

V
irtual reality (VR) technology looks set to 
gain widespread adoption over the next � ve 
years, reaching an installed base of 256 mil-

lion users worldwide and generating revenues of over 
$60 billion in 2022. While the consumer market is ex-
pected to account for most of the market’s revenue, the 
commercial and enterprise space will expand its share 
reaching over 40 percent of the market by 2022, up 
from 26 percent in 2015.

“Content availability remains an issue, but healthy 
strides were made in the past year, particularly in Asia-
Paci� c and China, with location based VR. Further tri-
als and launches will accelerate the adoption of im-
mersive content across the market and expand the 
use of VR as a tool for training, design, preparatory 

work and planning,” says Michael Inouye, principal 
analyst at ABI Research. “While the consumer space 
often garners the largest share of attention the market 
potential is much wider and we’ve already seen very 
promising interest in verticals like retail, healthcare, 
automotive, education and real estate/architecture/
engineering/construction.”

VR experiences still range quite widely from more 
basic seated/standing mobile HMD con� gurations to 
dedicated location based VR installations and VR ar-
cades that allow for 6DOF or room-scale experiences. 
The rise of wireless HMDs, standalone VR and 6DOF 
mobile VR will help narrow the gaps between these dif-
ferent classes of experiences. Additionally, further tech-
nology advancements/introductions are on the horizon 
like eye tracking, foveated rendering and increasingly 
higher resolution screens.

Sam Rosen, managing director and VP at ABI Research, 
concluded, “We continue to view VR as a long-term mar-
ket proposition, a technology that will really start to show 
its true transformative capabilities � ve plus years from 
now. In addition, while we currently see clear delineations 
between AR and VR today and into the near future. We 
expect these lines of demarcation to begin fading as the 
technologies increasingly reach maturity and saturation, 
perhaps then becoming better suited to the mixed and 
merged reality monikers that some use today.”

SEDI GaN: The Power Leader 
for Bringing Radar to Life

USA  usaradar@sei-device.com
Europe  mw_europe@sumielectric.com
Other  globalradar@sei-device.com
Website  www.sei-device.com or www.sedi.co.jp
Export of products in this list may be restricted under applicable US or Japanese law.  
Please inquire us through the e-mail addresses or websites above.

Part Number Configuration Frequency Range
(GHz)

Min. Output 
Power (W)

Min. Power 
Gain (dB)

SGN1214-220H-R Partially matched 1.2 - 1.4 220 17.4

SGN21-120H-R Partially matched 1.7 - 2.5 125 14.5

SGN31-080H-R* Partially matched 2.7 - 3.5 80 13.0

SGN2729-250H-R 50Ω matched 2.7 - 2.9 250 13.0

SGN2729-450H-R* 50Ω matched 2.7 - 2.9 450 13.0

SGN2729-600H-R 50Ω matched 2.7 - 2.9 600 12.8

SGN2731-500H-R 50Ω matched 2.7 - 3.1 480 11.8

SGN3135-100H-R* Partially matched 3.1 - 3.5 100 12.5

SGN3035-150H-R 50Ω matched 3.0 - 3.5 150 12.8

SGN3135-500H-R* 50Ω matched 3.1 - 3.5 500 11.0

SGM6901VU* 50Ω matched 8.5 - 10.1 24 23.3

SGC8598-50A-R 50Ω matched 8.5 - 9.8 50 11.0

SGC8598-100A-R 50Ω matched 8.5 - 9.8 100 10.0

SGC8598-200A-R 50Ω matched 8.5 - 9.8 200 10.0

SGFCF2002S-D Partially matched Up to 3.5GHz 17@3GHz 27.4@3GHz

SGN350H-R Unmatched Up to 1.4GHz 350@900MHz 16.4@900MHz

*Under development

High Power:  
X-band 200W,  
S-band 600W

Easy to Use:  
Fully/Partially Matched 
to 50Ω

Proven Quality and 
Reliability from the 
Market Leader
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For over 65 years MACOM design and application experts 
have driven RF, Microwave and millimeterwave innovation. 
Our engineers are delivering a new generation of wideband, 
high-performance MMICs for Test & Measurement, 
SATCOM, A&D, Wired Broadband and ISM applications.
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Mixers, Gain Blocks, VCOs and Switches. These devices 
enable optimal performance, bandwidth, packaging 
and reliability to meet your most demanding applications. 

MACOM Delivers the industry’s leading portfolio of DC-100 GHz MMICs.
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> Design & Applications Expertise
> Proven Technical Support
> Superior Device Performance
> Scalable & Assured Supply
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MERGERS & ACQUISITIONS
Aerospace supplier United Technologies Corp. (UTC) 
has struck a $30 billion agreement to buy avionics and 
interiors maker, Rockwell Collins Inc., in a deal that 
bulks up UTC’s power with plane makers by creating 
one of the world’s largest makers of civilian and de-
fense aircraft components. Farmington, Conn.-based 
UTC will pay $140 per share for Rockwell Collins, split 
between $93.33 per in cash and $46.67 in stock, ac-
cording to the companies. The price represents a 17.6 
percent premium to Rockwell’s $119 share price before 
news of the talks emerged on August 4.

Integra Technologies LLC announced that it has ac-
quired CORWIL Technology Corp. CORWIL provides 
high quality and responsive semiconductor die prep, 
assembly and test services focusing on Hi-Rel, fast-turn 
and wafer processing markets. Founded in 1990 and 
based in Milpitas, Calif., CORWIL is the premier U.S. 
provider of full back-end assembly services. The combi-
nation of the two companies will provide a single point 
of contact for an extremely broad array of semiconduc-
tor die prep, assembly, test and evaluation services sup-
porting military, avionics, space, medical, automotive 
and fabless semiconductor markets.

COLLABORATIONS
Keysight Technologies Inc. announced an agreement 
with Sequans Communications whereby Keysight will 
use Sequans’ Monarch LTE for IoT chip platform to pro-
vide support for NB-IoT and LTE-M customers using 
Keysight’s E7515A UXM wireless test set. The integra-
tion assures customers that they have their test needs 
covered for IoT deployments and are in compliance 
with 3GPP standards. Keysight and Sequans are devel-
oping products and solutions that are tailored for the 
IoT ecosystem, and the companies are now working 
closely together to accelerate the deployment of IoT 
technologies in the industry.

Microsemi Corp. announced its collaboration with 
Mellanox Technologies Ltd. to develop a unique 
reference architecture for NVM express over Fabrics  
(NVMe-oF) applications as part of Microsemi’s Acceler-
ate Ecosystem Program. Microsemi’s Accelerate Eco-
system speeds development efforts for customers and 
collaborators through technology alignment, joint mar-
keting and sales acceleration. Collaborating with Mi-
crosemi allows companies like Mellanox and Celestica 
to leverage Microsemi’s peer-to-peer memory architec-
ture, which is supported by its Switchtec™ PCIe switch-
es in combination with its Flashtec™ NVRAM cards and 
NVMe controllers to enable large data streams to trans-
fer between NVMe-oF applications without the central 
processing unit in the data plane.

Bosch, Geo++, Mitsubishi Electric and u-blox have 
announced the creation of Sapcorda Services GmbH, 
a joint venture that will bring high precision GNSS po-
sitioning services to mass market applications. The four 
companies recognized that existing solutions for GNSS 
positioning services do not meet the needs of emerg-
ing high precision GNSS mass markets. As a result of 
which, they have decided to join forces to facilitate the 
establishment of a worldwide available and affordable 
solution for system integrators, OEMs and receiver 
manufacturers. Each partner brings its unique expertise 
to the joint venture Sapcorda Services.

Qualcomm Technologies has collaborated on 5G NR-
enabled small cell technologies with Industrial Tech-
nology Research Institute (ITRI). The effort is expected 
to accelerate delivery and global commercialization of 
5G NR small cell products and infrastructure by Taiwan-
ese original equipment manufacturers (OEM) and origi-
nal design manufacturers (ODM). Small cells will be a 
key component of 5G networks, delivering enhanced 
performance utilizing both mmWave and sub-6 GHz 
spectrum. This new collaboration will provide ITRI early 
access to Qualcomm’s key 5G small cell technology, in-
cluding the creation of industry-grade quality assurance 
capability for communication protocol product and a 
live network test bed to enable product testing and 
performance verification under real world environment 
prior to product launch field trials.

NEW STARTS
Preliminary construction is underway on a new $350 
million Lockheed Martin facility that will produce next-
generation satellites. The new facility, located on the 
company’s Waterton Canyon campus near Denver, is 
the latest step in an ongoing transformation infused 
with innovation, to provide future missions at reduced 
cost and cycle time. The new Gateway Center, slated 
for completion in 2020, includes a state-of-the-art high 
bay clean room capable of simultaneously building a 
spectrum of satellites from micro to macro. The facility’s 
paperless, digitally-enabled production environment 
incorporates rapidly-reconfigurable production lines 
and advanced test capability.

ACHIEVEMENTS
Raytheon announced their active electronically scanned 
array (AESA) radars for fighter aircraft have accumulated 
more than 1 million flight hours, aggregating the hours 
from two U.S. services and four international custom-
ers. Raytheon delivered its 1,000th production AESA in 
May, and says it was the first company to produce AESA 
radars for tactical aircraft. Raytheon’s AESA radars have 
been the primary targeting sensor on the F-15 Eagle, 
F/A-18 Super Hornet and E/A-18 GROWLER, serving 
in every major U.S. air combat operation since the mid-
2000s: Operation Enduring Freedom, Operation Iraqi 
Freedom, Operation Odyssey Dawn, Operation Unified 
Protection and Operation Inherent Resolve.

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

Around the Circuit
Barbara Walsh, Multimedia Staff Editor
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Around the Circuit
The Italian Ministry of Defense’s OPTSAT-3000 sat-
ellite has been successfully launched by Arianespace 
from the Kourou European spaceport in the French 
Guyana, with a VEGA European launcher, produced 
by AVIO. The whole system is supplied by Leonardo 
through Telespazio (Leonardo 67 percent, Thales 33 
percent). As prime contractor, Telespazio leads an inter-
national group of companies including, among others, 
Israel Aerospace Industries (IAI), which built the satel-
lite within an international co-operation agreement be-
tween Italy and Israel as well as OHB Italia, responsible 
for the launch services.

A Boeing-led team, including U.S. Air Force and Na-
val Air Systems Command representatives, recently 
completed KC-46 tanker electromagnetic testing. This 
testing evaluates the aircraft’s ability to safely operate 
through electromagnetic fields produced by radars, ra-
dio towers and other systems under mission conditions. 
Testing was conducted on the Naval Air Station Patux-
ent River, Md., electromagnetic pulse (EMP) and Naval 
Electromagnetic Radiation Facility pads, as well as in 
the Benefield Anechoic Facility at Edwards Air Force 
Base in Calif. During tests on the EMP pad at Patuxent 
River, the program’s second low-rate initial production 
KC-46 received pulses from a large coil/transformer 
situated above the aircraft. The outdoor simulation was 
designed to test and evaluate the KC-46’s EMP protec-
tion while in flight.

7layers has extended its scope of LoRa certification 
services with new LoRa RF antenna performance re-
quirements. LoRaWAN, a low-power wireless network 
protocol for IoT devices and services, is based on an 
open industry standard called LoRa, which is managed 
and controlled by the LoRa Alliance. Generally speak-
ing, IoT services depend heavily on reliable connectiv-
ity, since the loss of a radio connection can lead to the 
interruption of an IoT service and disappointed users. 
Eventually it may even put the whole business case of 
an IoT services provider at risk. Therefore, it is very im-
portant that all wireless components in an IoT service 
system meet the expected performance criteria and se-
cure the dependable transmission of data.

ip.access announced that it has shipped the two mil-
lionth license for its 3G small cell software platform. 
The milestone highlights the industry leading network 
performance of ip.access’ residential small cell soft-
ware. The platform is used in the Cisco 3G Microcell, 
one of the world’s earliest and largest residential small 
cell deployments with AT&T in the U.S. Having been 
deployed, hardened, enhanced and maintained con-
tinuously over the last eight years, ip.access’ software 
platform guarantees performance at the highest quality 
of service standards while still being delivered indepen-
dently.

Based on its recent analysis of the universal serial bus 
(USB) vector network analyzer (VNA) industry, Frost & 
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Sullivan recognized Copper Mountain Technologies 
(CMT) with the 2017 Global Frost & Sullivan Award for 
Product Leadership. The imminent move of many IoT 
technologies from research to commercialization is ex-
pected to drive the demand for lower cost instrumenta-
tion over the next 5 to 10 years. CMT is well positioned 
to make the most of this opportunity with a strong and 
established USB VNA offering that is coupled with su-
perior customer support spanning customer service, 
software development and customization.

Aeroflex Wichita Inc. announced their ISO 9001 stan-
dard certification from ISO 9001:2008 to the newly re-
vised standard ISO 9001:2015. ISO 9001 is the world’s 
most widely recognized quality management standard 
and help organizations to meet the expectations and 
needs of their customers. As an ISO 9001:2008 certified 
organization, Aeroflex Wichita has successfully com-
pleted the transition to the 2015 standard. By achieving 
this level of certification, they continue to demonstrate 
their ability and desire to effectively and efficiently pro-
vide a quality management system, while continuously 
improving their products and services as well as their 
internal process.

CONTRACTS
Vencore Inc. announced that as a partner of the QWK 
Integrated Solutions LLC joint venture, it has won a 
position on the U.S. Army Space and Missile Defense 
Command and Army Forces Strategic Command, 
Design, Development, Demonstration and Integra-
tion (D3I) program Domain 1 contract. The indefinite 
delivery/indefinite quantity (IDIQ) multi-award contract 
is valued at more than $3 billion and has a five-year 
base period of performance, with two consecutive two-
year options. The D3I program will provide the Army 
with rapid design, development, demonstration and 
integration of technology to support the mission of 
SMDC/ARSTRAT and the warfighter.

VSE Corp. was awarded several delivery orders in July 
and August 2017 by the Naval Sea Systems Com-
mand International Fleet Support Program Office to 
provide support under its Foreign Military Sales (FMS) 
contract. VSE will provide maritime program support 
including logistics, planning, repair and maintenance 
management, procurement, technical assistance, train-
ing and engineering support to 11 client countries. The 
periods of performance for these delivery orders range 
between 9 and 20 months, and the delivery orders have 
a combined funded value of $57.4 million.

OSI Systems announced that its Security division re-
ceived a delivery order valued at approximately $21 
million from U.S. Customs and Border Protection 
(CBP) to provide Z Portal® cargo and vehicle screening 
systems. The order was issued under the indefinite de-
livery/indefinite quantity (IDIQ) contract received in Oc-
tober 2016 from CBP. The company has now received 
approximately $56 million in orders under this IDIQ 
contract since its inception. The Z Portal® system is the 
only drive-through cargo and vehicle inspection system 
that uses multiple detection technologies to provide up 
to six views of the vehicle under inspection.
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Around the Circuit
Antenna Systems Solutions S.L. (Celestia Technolo-
gies Group), a provider of antenna measurement solu-
tions for the defence, government and wireless indus-
tries, announced that it has won a contract to supply 
an Automotive Antenna Measurement Test Range to 
Aalborg University in Denmark. The system will be de-
signed to measure full-size vehicles up to 110 GHz and 
5G testing.

PEOPLE
Aethercomm hired Dan Goodwin as 
vice president of Business Develop-
ment after serving as the vice presi-
dent of Technical Marketing and Gov-
ernment Affairs for renewable fuel 
startup American Power Group Inc. 
Dan Goodwin is a retired U.S. Marine 
who � ew F/A-18 Hornets in combat 
for the Marines and commanded a   Dan Goodwin
Marine Corps Fighter-Attack squad-

ron during his time on active duty. He has also served at 
the highest levels in the Department of Defense, 
working at U.S. Marine Corps Headquarters inside the 
Pentagon. With his decades of operational experi-
ence using high-technology military radar, communi-
cations and EW systems, he brings a user perspective 
to Aethercomm’s business development and market-
ing efforts. 

RF Industries Ltd. has appointed 
Gerald T. Garland to its Board of Di-
rectors. Over his 18 years in the wire-
less telecommunications industry, 
Garland has been an accomplished 
senior executive with extensive expe-
rience in product management, sales 
management, solutions development 
and � nance. RF Industries now   Gerald T. Garland
intends to leverage his skills and � -

nancial expertise to improve sales and pro� tability, as 
well as expand product offerings in Distributed Anten-
na Systems, wireless and data center markets.

Southwest Antennas announced the 
promotion of Megan LeBaron to 
Supply Chain manager. After manag-
ing both inside sales and purchasing 
for many years, LeBaron has received 
a much-deserved promotion to Sup-
ply Chain manager in order to focus 

  Megan LeBaron her skills on the company’s vendor 
management and procurement ac-

tivities. With a keen interest in this � eld, LeBaron has 
received her certi� cation from the Supply Chain Man-
agement program at UCSD.

REP APPOINTMENTS
Anokiwave Inc. announced they have signed an 
agreement with Cain-Forlaw Co. for sales represen-
tation in the central U.S. The agreement aligns with 
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Front-end Modules (FEMs) for Internet of Things, Connected Home and Wearables
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Part Number Frequency Range (GHz) Current Consumption Output Power (dBm) Tx Gain (dB)
SKY66110-11 2.400 to 2.500 10 mA @ 10 dBm 10 @ 3 V 11

SKY66111-11 2.400 to 2.500 10 mA @ 10 dBm 6 to 13 11

Part Number Frequency Range (GHz) Tx Output Power (dBm) Wide Supply Operation Tx Current Consumption
SKY66115-11 0.400 to 0.510 20 2.5 to 3.6 V 67 mA @ 20 dBm

Part Number Frequency Range (GHz) Tx Output Power (dBm) Tx Gain (dB)  Rx Gain (dB) Rx Noise Figure (dB)
SKY66112-11 2.400 to 2.500 21 22 11 2

SKY66113-11 2.400 to 2.500 SoC-1 – 12 2

SKY66114-11 2.400 to 2.500 21 24 12 2

SKY66403-11 2.400 to 2.500 21 22 11 2
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| Front-end Modules Delivering Range Extension

| Bluetooth® Low Energy and ZigBee® Front-end Modules Delivering Enhanced Performance

Applications include smart watches, fi tness trackers, wireless headphones, in-home appliances, 
smart thermostats, alarms, lighting, sensors and more.
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Around the Circuit
Anokiwave’s goal to support new customers and op-
portunities in the central U.S. with a highly-technical 
sales and applications team. Cain-Forlaw has been a 
technical manufacturers’ representative for over 45 
years and is the largest geographical RF and micro-
wave representative in the country. Cain-Forlaw is 
focused on providing world class sales and customer 
service to the electronics industry.

Modelithics announced their newest MVP (Modelith-
ics Vendor Partner), Guerrilla RF, and the availability 
of S-parameter and noise parameter models for five 
packaged broadband ultra-low noise amplifiers. Guer-
rilla RF is now a valued Supportive Modelithics Vendor 
Partner and through this program, the two companies 
have collaborated to characterize five ultra-low noise 
broadband amplifiers from Guerrilla RF, including four 
LNAs from the GRF207x series and the GRF2501DSR 
LNA. The MVP program enhances the collaboration 
and communication during vendor device character-
ization and modeling, and expands the promotion of 
devices for which new data and/or models are avail-
able.

Precision Connector Inc. (PCI) has announced that 
T&E Repco is their new exclusive sales representative 
for the state of Florida. T&E Repco is an established and 
recognized RF and microwave manufacturers represen-
tative that will strengthen and enhance PCI’s presence 
in the region. 

RFMW Ltd. has joined the Electronics Representatives 
Association (ERA) as a global distributor member. ERA 
is the international trade organization for professional 
field sales companies in the global electronics indus-
tries; manufacturers who go to market through repre-
sentative firms and global distributors. RFMW is an ISO 
9001:2008 certified, specialized technical distributor 
of RF and microwave products providing consultative 
component selection, value add and design solutions 
through a focused technical sales and marketing orga-
nization.

Southwest Microwave announced the appointment 
of Scientific Devices Inc. as manufacturer’s represen-
tative agency for southern New Jersey and Pennsyl-
vania. Established in 1969, Scientific Devices offers RF 
and microwave components for diverse applications in 
the commercial, military, medical, space and telecom 
markets. The company is staffed by experienced design 
engineers and technologists, who have also worked ex-
tensively in sales and marketing.
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Noise Analysis, Then and Today
Dr. Ulrich L. Rohde
Universität der Bundeswehr München, Munich, Germany

Noise analysis of oscillators, also 
known as autonomous circuits, 
was a dream for many years. The 
first and linear approach must be 

credited to David Leeson, who took a linear 
lowpass equivalent circuit and derived his 
frequently quoted linear formula.1 This for-
mula requires data which can only be gained 
after a post prior analysis. The values of the 
output power, the loaded Q, the large-signal 
noise factor—frequently confused with noise 
figure (NF), which is 10log(noise factor)—and 
the flicker noise contribution are not known 
a priori, although they may be computed.2 
The introduction of nodal noise analysis in a 
proper way was published by Hillbrand and 
Russer.3 The Lee-Hajimiri noise analysis is in-
teresting but not very practical; while often 
quoted in the literature, its use is not prac-
tically shown.2,4-6 If we combine the Leeson 
formula with the tuning diode contribution, 
the following equation allows us to com-
pletely calculate the noise of the oscillator.2 
The VCO term was added by Rohde,2 and 
the flicker term was added by Scherer.7

L fm( ) =

10log 1+ f0
2

2fmQL( )2
⎛

⎝
⎜

⎞

⎠
⎟ 1+ fc

fm

⎛
⎝⎜

⎞
⎠⎟
FkT
2Psav

+ 2kTRK0
2

fm
2

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
(1)

where
L(fm) = ratio of sideband power in a 1 Hz 
bandwidth at fm to total power, in dB 
fm = frequency offset
f0 = center frequency 
fc = flicker frequency
QL = loaded Q of the tuned circuit 
F = noise factor
kT = 4.1 × 10-21 at 300K0 (room temperature) 
Psav = average output power of the oscillator
R = equivalent noise resistance of the tuning 
diode (typically 50 to 10 kΩ)
Ko = oscillator voltage gain

Kaertner’s paper8 used a nice time do-
main approach and includes, probably for 
the first time, the noise correlation in oscil-
lator design. At that time, the now available 
harmonic balance method had not been in-
vented. A very good description is found in 
the works by Rizzoli.9-11 While not easy to 
read and highly mathematical, Kaertner’s 
calculation produced real results.

LARGE-SIGNAL NOISE ANALYSIS
The introduction of the piecewise linear 

harmonic balance (HB) method, developed 
by Vittorio Rizzoli and his team, was the 
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cooperation with Robert Pucell of 
Raytheon and Tony Pavio of Texas 
Instruments. We demonstrated very 
accurate results using SPICE type 
data for GaAs FETs. They were hard 
to come by; we ended up using a 
modi� ed Materka model.15-19 The 

HB programs are a hybrid of lin-
ear (frequency) and nonlinear (time 
domain) computations.12,13 Both 
publications by Rizzoli and Gilmore 
were leading on the topic. Rowan 
Gilmore worked with me during our 
Compact Software time.

My team at Compact Software 
and the Rizzoli team were struggling 
to validate the results, and it was 
complicated to get reliable mea-
sured data and maintain accuracy 
and speed. The Compact Software 
approach and the Rizzoli team were 
always � ghting about this topic. I 
remember telling users that short 
cuts used in some programs were 
getting them faster to the wrong an-
swer. At the end, developing a very 
fast, double precision, multidimen-
sional matrix inversion program was 
the solution, and using FORTRAN 
gave the most stable results. This 
HB approach is also able to deal 
with hysteresis.

The � rst and most challenging 
circuit analysis of a low noise ampli-
� er, developed by Raytheon, was 
published14 for the � rst time, in 

perfect body to include the noise 
correlation method. The famous 
nonlinear time domain circuit analy-
sis program SPICE lacks a rigorous 
noise correlation analysis, and the 

 Fig. 1  Test � xture (a) and network 
analyzer (b) used to measure large signal 
S-parameters.

(a)

(b)

 Fig. 2  Measured large-signal S-param-
eters of the In� neon BFP520 bipolar tran-
sistor from 600 MHz to 3 GHz in 50 MHz 
steps: S11 (a), S12 (b), S21 (c) and S22 (d). 
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KAERTNER COLPITTS 
OSCILLATOR

With this background, I would 
like to analyze the circuit used by 
Kaertner as the basis of his brilliant 
paper.8,23 The component values 
in the schematic of Figure 3a are 
taken from his publication: R1 = 350 
Ω, R2 = 110 kΩ, RL = 500 Ω, L1 = 10 
µH, L2 = 30 nH, C1 = 10 pF, C2 = 940 
pF, C3 = 2.7 nF, C4 = 1.5 nF and T = 
BFR35A.

Kaertner made one simplification 
that in circuit theory is deadly: L2 
was assumed to have infinite Q. For 
his approach, as the circuit will actu-
ally load the unloaded Q, this is per-
missible. With an infinite Q and with 
C2 = 940 pF, it will oscillate. Once 
a real Q, like QL =100, is used, the 
value of C2 must be reduced to 100 
pF; then all works well. The feed-
back has to be increased, and it is 
advisable to reduce C4 to 100 pF, as 
it is not possible to make a capacitor 
without parasitic inductance. The 
same applies to the 10 µH inductor, 

actual circuit was 
published in Mi-
crowave Journal.20 
So far, I have dem-
onstrated that the 
noise analysis can 
be done solely us-
ing available and 
accurate SPICE pa-
rameters of GaAs 
FETs and its family 
members.

But the really 
needed large-sig-
nal circuit analysis 
was the oscillator. 
To implement the 
proper FET15-19 
and BJT20-22 mod-
els and its deriva-
tives was quite a 
task. The internal 
noise modeling 
was based on the 
noise correlation 
matrix2 and the 
results were pub-
lished by W. Anzill, 
F. X. Kaertner and 
P. Russer in 1992.23 
In 1987, the Micro-
wave Harmonica 
program by Com-
pact Software was 
proven to be reliable.20 The next 
step was to match the measured 
results of practical circuits. Hewlett 
Packard had the first, reliable phase 
noise system; Dieter Scherer was 
the lead engineer who educated us 
all. Today, the leading phase noise 
analyzer is the Rohde and Schwarz 
FSWP/8/26/50.

For a systematic approach, even 
without a simulator, it is useful to 
have large-signal S-parameters.2,24 
The large-signal parameters of bi-
polar transistors, which had not 
been derived at the time of Kaert-
ner’s work, are best obtained from 
measurements.24 The proper de-
embedding procedure19 translates 
the external measurements to the 
actual chip (see Figure 1a), and a 
network analyzer with variable out-
put power is needed for the mea-
surement (see Figure 1b). With 
large-signal operation, the BJT be-
haves differently than for low noise 
applications,18-22 as shown in Fig-
ure 2.25

s Fig. 3  Colpitts oscillator analyzed by Kaertner (a) and circuit 
schematic in Compact Software (b).
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which is probably resonant at the 
operating frequency; 1 µH seems 
to be a better choice. Kaertner pub-
lished the calculated phase noise of 
his oscillator,4 pointing out correctly 
that the � icker contribution was not 
included.

Figure 3b shows Kaertner’s os-
cillator circuit when modeled with 
Compact Software Microwave Har-
monia, to use the HB technique. 
The simulation includes the � icker 
noise exponent (AF) and the � icker 
noise constant (KF) and the simula-
tion provides results tracking Kaert-
ner’s publication (see Figure 4a). 
The in� uences of AF and KF are 
clearly seen at 1 kHz. The simulation 
also predicts the output power and 
harmonic content (see Figure 4b). 
The output power is approximately 
16 dBm with about 20 dB harmonic 
suppression. This indicates a good 
operating Q of the resonant circuit. 
The analysis tracks the performance 
very well.

SUMMARY
This brief history provides insight 

into the struggle to develop and 
validate a general purpose, nonlin-
ear computer-aided design (CAD) 
tool that correctly predicts large-
signal noise in ampli� ers, frequen-
cy doublers and mixers. There are 
many more examples.2,14

There were many excellent 
contributors. Vittorio Rizzoli prob-

 Fig. 4  Simulated phase noise (a) and 
output power vs. frequency (b) of the 
Kaertner oscillator.
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ably contributed the most, and my 
team’s effort to test and validate 
the Serenade Harmonica program 
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Later, a CAD independent mathe-
matical time domain calculation was 
developed, which, without immedi-
ately resorting to an expensive tool, 
can predict the noise performance 
of oscillators.2,23-24n
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In the quest for larger bandwidths and 
throughput in mobile communication, 
operators are looking for an ever-in-
creasing number of frequency bands, 

using multiple bands simultaneously with 
carrier aggregation techniques and adopt-
ing multi-antenna technologies. For mobile 
portable devices, the evolution of the indus-
trial design toward large displays, large bat-
teries and thin profiles has pushed antenna 
design requirements to the limit. Antenna 
tuning techniques have, therefore, become 
increasingly important, as it is difficult to 
cover all required mobile frequency bands 
with a fixed antenna resonator and fixed im-
pedance matching circuit.

Besides allowing the mobile device to 
set the antenna to operate optimally at 
the desired frequency band (open loop 
tuning), tunable antennas also enable the 
implementation of “adaptive tuning,” also 
known as closed loop tuning. The mobile 
device will, in this case, continuously try to 
adapt the antenna to the changing environ-
ment—for example, loading by the user’s 
hand. As the name suggests, this technique 
also requires actively measuring one or 
more performance parameters, which the 
controller can use as guidance for setting 
the tuner control.

Frequency tunable antennas can be im-
plemented in two basic methods. In imped-
ance tuning, the matching circuit connected 
to the antenna feed will contain a tunable 
element, such as a tunable capacitor or a 
switch. A more sophisticated technique is 
aperture tuning, where a tuning network is 
attached to the antenna resonator using a 
dedicated connection located a given dis-
tance from the feed port. The latter technol-
ogy has recently gained the most interest in 
the industry thanks to the higher potential 
performance benefits. However, it can be 
very sensitive to the losses in the tuning ele-
ment, which must be able to sustain higher 
currents and voltages.1

Several technologies are currently avail-
able for implementing reconfigurable net-
works to be used as antenna tuners. Solid-
state switches can be used in single-pole 
multi-throw configurations, which allows for 
the connection and disconnection of exter-
nal passive components such as inductors 
and capacitors. Different technology vari-
ants, such as high resistivity silicon on insula-
tor (HR-SOI)2 and silicon on sapphire,3 are 
continuously evolving to achieve the best 
figure of merit for the switch, indicated by 
the product of on resistance and off capaci-
tance (RonCoff in ps). Microelectromechani-
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tem is a two-port system with port 
1 being the feeding port and port 2 
the aperture port. The design task is 
to design a matching circuit for port 
1 and � nd the best possible values 
for the aperture tuner at port 2 to 
cover all the frequency bands.

To describe the problem in a 
mathematical sense, assume that 
a tuner component has been at-
tached to the aperture port 2, with 
value Cs for state s. Assume that the 
frequencies have been separated to 
n frequency sets Fk, with k = 1,…,n, 
where each set contains one of mul-
tiple frequency bands, which need 
to be covered with one tuner state. 
The total ef� ciency is denoted by 
η(f, S, ηrad, P, Cs(k)), which depends 
on the frequency f, the two-port 
antenna scattering parameters S, 
radiation ef� ciency ηrad of antenna 
port 1, � xed component values P of 
the matching circuit at port 1 and 
tunable component values Cs(k) in 
the aperture port, where s(k) is the 
chosen tuner state for frequency set 
k. The optimization task can be writ-
ten as follows:

 
( )η η

= ∈
max min min f,S, ,P,C
P,s(1), , s(n) k 1, ,n f F

rad S(k)

k

The search is for the values of the 
� xed matching components and 
the tuner states which maximize the 
minimum ef� ciency over all the fre-
quencies in all the frequency sets, 
where the tuner can assume a dif-
ferent state for each frequency set. 
Note that this formula describes the 

affects the impedance presented at 
the antenna feed port. The design 
� ow also presents opportunities for 
designing antennas for carrier ag-
gregation combinations: a given 
tuner con� guration is set to cover 
a combination of bands instead of 
a single one. However, this signi� -
cantly complicates the design effort 
and falls beyond the scope of this 
work.

DESIGN METHODOLOGY
The design goal for the aperture 

tuned antenna and � xed impedance 
matching network is to maximize the 
total radiation ef� ciency over each 
frequency band. This is more rel-
evant than getting the lowest pos-
sible return loss at the feed, since 
any losses in the matching compo-
nents or the tuner will improve the 
feed match, but at the expense of 
radiated power.5 At least as an ini-
tial design candidate, the aperture 
tunable antenna can be designed 
using simulated antenna, tuner 
and matching component data. As 
shown in Figure 1, the antenna sys-

cal systems (MEMS) technology 
can potentially surpass solid-state 
technology in this � gure of merit, 
but the commercial availability of 
MEMS switches for the RF market is 
still limited. Besides using a switch, 
a variable capacitor available as a 
single component can provide a 
more compact alternative. Digitally 
variable capacitors (DVC) are com-
mercially available and largely de-
ployed in antenna tuners in phones 
on the market, implemented either 
in solid-state or MEMS technolo-
gies.4

This article aims to show how to 
design an aperture tunable antenna 
for frequency band selection. A vari-
able capacitor is used to implement 
the aperture tuner while a � xed 
matching circuit at the antenna 
feed is co-designed for best perfor-
mance across all required frequency 
bands. It will be demonstrated how 
the co-design of the aperture tuned 
antenna and the � xed matching 
network are key for achieving op-
timum performance, since the op-
eration of the aperture tuner greatly 

 Fig. 1  The aperture tuned antenna 
system consists of a matching circuit, 
simulated two-port antenna and aperture 
tuner.

Matching Circuit
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Two-Port
Antenna

1 2

Aperture
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Cs

 Fig. 2  An alternative, measurement-
based design approach for an aperture 
tuned antenna.
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are the values of the fixed matching 
components and the tuner states 
(the tuner is embedded in the mea-
sured/simulated one-port data) that 
maximize the minimum efficiency 
over all the frequencies in all the 
frequency sets, where the tuner can 
assume a different state for each 
frequency set. The optimization al-
gorithm is searching an optimal im-
pedance and efficiency data set (im-
plicitly the best tuner state) for each 
of the frequency sets, while opti-
mizing the fixed matching circuit 

port design flow 
based on a proto-
type, which con-
tains the aperture 
tuner, is proposed 
(see Figure 2). The 
radiation efficiency 
(ηrads

) and input 
impedance (S11s) 
of the antenna pro-
totype is measured 
or simulated for 
each tuner state (s). 
This information is 
used in the match-
ing circuit optimi-
zation to find the 
best tuner state, 
which varies with 
frequency band, 
and a fixed matching circuit.

When s(k) is the chosen tuner 
state for frequency set k, the opti-
mization task (for a fixed matching 
circuit topology) can be written as:

 
( )η η

= ∈
max min min f,S11 , ,P
P,s(1), , s(n) k 1, ,n f F

s(k) rad

k

S(k )

What needs to be ascertained 

optimization when the matching cir-
cuit topology is known. Instead of 
manually trying out different match-
ing topologies, circuit synthesis al-
gorithms can be used to produce 
multiple optimized matching circuit 
topologies, dramatically speeding 
up the design process of tunable 
matching circuits.

In many cases, the accurate de-
sign of the tunable system is not 
possible using simulations; in an 
actual mobile device, many small 
details may affect antenna perfor-
mance. The electric and dielectric 
properties are unknown, making ac-
curate electromagnetic simulation 
impossible. The radiation efficiency 
of the feed port will depend on the 
value of the aperture tuner, and this 
interaction is difficult to capture ac-
curately when using circuit simula-
tors or matching circuit optimization 
tools. When carrying out measure-
ments, it is often difficult or impos-
sible to measure the aperture port 
impedance accurately, due to the 
proximity of the feed port.

In contrast, the following single-

s Fig. 4  Simulated |S11| (a) and 
radiation efficiency (b) vs. tuning state.
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s Fig. 3  3D model (a) and schematic (b) of an aperture tuned 
antenna.
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(Cntl 0 to Cntl 31). Figure 4 shows 
the |S11| of the antenna for a selec-
tion of tuning states, based on the 
antenna impedance S11s at the ref-
erence plane of the antenna feed.

The steps to design the aperture 
tuning circuit are:
• Simulate/measure the return loss 

and ef� ciency of the antenna for 
each state of the tuner

• Import the S-parameters and ef-
� ciency data into the matching 
circuit design software

• Calculate the proper tuning state 
and � xed matching network 

antenna based on a planar inverted-
F antenna (PIFA) and the schematic 
of the design concept, extended 
with an aperture tuning connec-
tion point (i.e., tuner). To tune the 
antenna across all desired low fre-
quency bands (700 to 960 MHz), a 
MEMS-based DVC is connected to 
the antenna resonator 10 mm from 
the feed. The variable capacitor is 
digitally controlled with 5 bit resolu-
tion, with a total of 32 control states 

values for best global performance. 
Both the matching circuit topology 
and component values can be op-
timized if the design tool supports 
topology synthesis in this context.

DESIGN EXAMPLES
This section presents an aperture 

tuned antenna design based on 
the methodology presented in the 
previous section. Figure 3 shows a 
3D model for a metal frame phone 

 Fig. 5  Matching networks for the 
� xed (a) and aperture tuned (b) antenna 
designs covering bands 5, 8 and 17.
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 Fig. 6  Simulated |S11| (a) and total 
ef� ciency (b) comparisons of the aperture 
tuned and � xed matching circuit designs 
covering bands 5, 8 and 17.
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to cover the desired frequency 
bands.
The S11 and ef� ciency results for 

individual tuning states are calcu-
lated in EMPIRE XPU 3D EM simu-
lation software.6 The co-simulation 
of the matching network and aper-
ture tuned antenna calculation uses 
matching circuit optimization soft-
ware.7 The tuner used in this design 
is a MEMS-based DVC.8 It has an 
ultra-low resistance together with 
high voltage handling, which is suit-
able for ef� cient antenna tuning.1,4

Realistic models of the inductors 
and capacitors, including compo-
nent losses and parasitic reactanc-
es, were used in the example.

To show the effectiveness of the 
presented design methodology, 
two examples are presented. In 
both, the aperture tuned antenna 
will be compared to a more tradi-
tional � xed antenna, where both an-
tenna options include an optimized 
� xed matching network at the feed.

Covering Bands 5, 8 and 17
The results presented here rep-

resent a typical design require-
ment for portable mobile devices, 
which includes the following fre-
quency bands: LTE band 17, LTE 
band 5 (GSM850) and LTE band 8 
(GSM900). This band con� guration 
is typically quite challenging for 
small handset antennas. The match-
ing network is limited to one com-
ponent for the tuned antenna, while 
three components are required for 
the � xed antenna (see Figure 5). 
The aperture tuned antenna, while 
requiring an extra contact point 
for the tuner, requires considerably 
less space in feeding area due to 
the lower number of matching el-
ements. Figure 6 compares the 
|S11| and the total ef� ciency for the 
proposed aperture tuned antenna 
design technique versus a � xed 
reference antenna for all required 
frequency bands, and Table 1 sum-
marizes the ef� ciency results of the 
two solutions. The aperture tuned 
antenna improves the total ef� cien-
cy by more than 3 dB in band 5 and 
more than 1.5 dB in bands 8 and 17.

Covering Bands 5, 8 and 28
A more challenging design is 

covering LTE band 28 with LTE 
band 5 (GSM850) and LTE band 8 

TABLE 1
FIXED MATCHING vs. APERTURE TUNING COMPARISON, 

BAND 5/8/17 DESIGN

Design Approach
Band 5 Ef� ciency

Minimum/ 
Average (dB)

Band 8 Ef� ciency
Minimum/

Average (dB)

Band 17 Ef� ciency
Minimum/

Average (dB)

3-Section Fixed 
Matching Network -4.5/-3.5 -4.1/-3.1 -4.5/-4

1-Section Matching 
& Aperture Tuning

-1.4/-0.8
(Tuner in State 7)

-2.5/-1
(Tuner in State 0)

-3/-2.2
(Tuner in State 21)
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increasingly being used to enhance 
the radio performance of mobile 
handheld devices. The design and 
implementation of tunable anten-
nas is challenging as it involves the 
co-design of the tuner states and 
the � xed matching circuitry to ob-
tain optimal total ef� ciency. This ar-
ticle presents a novel measurement-
based design � ow for aperture tun-
able antennas, using the measured 
impedances and radiation ef� cien-

|S11| and total ef� ciency of the two 
solutions, and Table 2 summarizes 
the total ef� ciency versus frequency 
band for each solution. The aper-
ture tuned antenna improves the ef-
� ciency by more than 1 dB in all the 
desired frequency bands; in band 
28, the average total ef� ciency is 
improved by 1 dB without trading 
off ef� ciency in the other two bands.

CONCLUSION
Tunable antenna solutions are 

(GSM900). The very large band-
width of band 28 makes this band 
con� guration extra challenging 
compared to the previous example. 
Figure 7 shows the schematic of the 
� xed matching network for both so-
lutions. In this case, due to the large 
bandwidth requirement of band 
28, the aperture tuned antenna re-
quired two matching components, 
while the � xed antenna matching 
network required three elements, 
as before. Figure 8 compares the 

 Fig. 7  Matching networks for the 
� xed (a) and aperture tuned (b) antenna 
designs covering bands 5, 8 and 28.

Feed Antenna

Antenna

4.3 pF

Feed
3.4 pF

3.8 nH3.5 pF

(a)

(b)

8.7 nH

 Fig. 8  Simulated |S11| (a) and total 
ef� ciency (b) comparisons of the aperture 
tuned and � xed matching circuit designs 
covering bands 5, 8 and 28.
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mal � xed matching circuit topology 
at the antenna input, to optimize 
the discrete component values and 
to select the optimal tuner states.

The bene� t of this approach is 
that the measurement setup of the 
antenna impedance and radiation ef-
� ciency is greatly simpli� ed and pro-
vides more reliable data. In contrast, 
an accurate two-port measurement 
involving both the feed and the ap-
erture tuning ports is dif� cult due to 
the proximity of the ports, in� uence 
of the aperture port measurement 
cable to the antenna performance 
and the presence of other compo-
nents. Proper incorporation of the 
radiation ef� ciencies would be com-
plicated in a two-port approach.

While electromagnetic simulation 
can alleviate the measurement set-
up problems at early design phases, 
the radiation ef� ciency problem still 
persists, and the approach present-
ed generalizes to simulated data as 
well. The design examples dem-
onstrate that the aperture tuning 
approach with ultra-low loss tuner 
components provides a signi� cant 
improvement over the reference 
case utilizing just a � xed matching 
circuit at the antenna input—even 
when using fewer matching compo-
nents than in the reference case.■
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ture tuner capacitor. This collection 
of data is used to synthesize an opti-

cies of the antenna system for each 
state of the digitally controlled aper-

TABLE 2
FIXED MATCHING vs. APERTURE TUNING COMPARISON, 

BAND 5/8/28 DESIGN

Design Approach
Band 5 Ef� ciency

Minimum/ 
Average (dB)

Band 8 Ef� ciency
Minimum/

Average (dB)

Band 28 Ef� ciency
Minimum/

Average (dB)

3-Section Matching -4.2 /-3.3 -3.9/-3.1 -4.7/-4.4

2-Section Matching 
& Aperture Tuning

-2/-1.8
(Tuner in State 9)

-1.5/-1.2
(Tuner in State 0)

-4.2/-3.5
(Tuner in State 23)
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Modeling 3-Port Center-Tapped 
Spiral Inductors for K-Band VCO
Xuanyu Chen, Qi Su, Ting Chen, Linlin Cai, Jiang Luo, Hao Wang, Sheng Chang, Qijun Huang 
and Jin He
School of Physics and Technology, Wuhan University, Wuhan, China

Three-port center-tapped spiral inductors are designed to achieve high performance with 
symmetrically octagonal twin shapes for a K-Band voltage-controlled oscillator (VCO) in 0.13 µm 
SiGe BiCMOS technology. The modeling of on-chip inductors includes a 3D physical model for 
actual chip fabrication and a double π equivalent circuit model for precise parameter extraction. 
Simulation results for the physical and circuit models agree closely. The total inductance is 300 
pH with a high Q of 18 at the desired operating frequency of 20 GHz. A 20 GHz VCO for K-Band 
applications using 0.13 µm SiGe BiCMOS technology with a chip area of 0.22 mm2 was built 
to verify the accuracy of the inductor modeling. The tuning range of the VCO was 2.21 GHz, 
from 19.9 to 22.11 GHz. At 20.89 GHz, the measured phase noise at 100 kHz and 1 MHz offset 
frequencies was ‐52.26 and ‐92.07 dBc/Hz, respectively. VCO power dissipation was 27 mW with 
a 1.5 V supply.

On-chip spiral inductors are needed 
to meet the increasing demand for 
wireless products with high perfor-
mance, low-power, low-cost and 

high levels of integration. They are widely 
used in radio frequency integrated circuits 
(RFIC) to provide appropriate inductance 
values with high quality factors (Q) and high 
self-resonances.1

Due to the lack of an accurate high fre-
quency model for on-chip inductors in 0.13 
µm SiGe BiCMOS technology, modeling of 
on-chip spiral inductors for the design of RF-
ICs should be carefully considered.2 A 3D 
physical model was accurately designed to 
be a compact octagon shape for ease of 
implementation, and an equivalent circuit 
model was established to be a double π 
schematic for precise parameter extraction 
and circuit optimization.3,4

Three-port symmetric spiral inductors 
with center taps are often employed for 
differential RFICs such as VCOs, low-noise 
amplifiers (LNA) and mixers. The center tap 
is connected to the center node of a sym-
metric inductor. The symmetric inductor is 

constructed with underpasses independent 
of the number of turns, to minimize the chip 
area; however, the underpasses and inter-
layer vias increase parasitic resistance and 
capacitance, which inevitably degrades in-
ductor Q, especially for high frequency ap-
plications.5 Compared with a symmetric in-
ductor, a single-ended inductor usually has 
only one underpass. Therefore, to improve 
Q by reducing the number of underpasses, 
two single-ended spiral inductors can be 
used to realize a symmetric structure. The 
penalty is increased chip area. In this work, 
a three-port symmetric inductor with center 
tap is accurately modeled with two single-
ended spiral inductors for use in a 0.13 µm  
SiGe BiCMOS K-Band VCO.

PHYSICAL INDUCTOR MODEL
The process cross section for a 0.13 µm 

SiGe BiCMOS passive circuit is illustrated in 
Figure 1a. From bottom to top, the process 
includes one polymer layer, five thin metal 
layers (M1 through M5) and two thick metal 
layers (TM1 and TM2), with a top via be-
tween TM1 and TM2. For a Si substrate, the 
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is in the shape of a spiral octagon 
with three ports. For differential RF-
ICs, a symmetric structure is built 
with two single-ended inductors, 
L1 and L2, having the common port 
connected to the center tap (port 
3). This two, single-ended symmet-
ric structure is implemented mainly 
by the top metal layer (TM2), with 
only two underpasses realized by 
metal layer TM1 and inner-layer vias 
between TM1 and TM2. This mini-
mizes parasitic resistance and ca-
pacitance, to decrease transmission 
loss and improve Q. Physical param-
eters (width, space, inner diameter 
and number of turns) are adjusted 
to optimize performance.

Another consideration for reduc-
ing transmission loss is to place a 
ground plane above the Si substrate 
to prevent currents from parasitical-
ly coupling into it. As the distance 
of the ground plane to the induc-
tor decreases, however, its para-
sitic capacitance increases, causing 

relevant parasitics and their effects.6 
Generally, inductors must be high 
Q. Inductor Q is enhanced by reduc-
ing the transmission losses caused 
by parasitic series resistance, which 
is frequency dependent due to the 
skin effect, and the parasitic shunt 
capacitance to the substrate. Trans-
mission loss becomes more serious 
at high frequencies.

To achieve high Q, the design 
addressed the following consider-
ations (see Figure 1b): The inductor 

thickness, dielectric constant and 
resistivity are 754 µm, 11.9 and 50 
Ω-cm, respectively. The dielectric 
constant of oxide is 4.1. The top 
metal layer (TM2) is 3 µm thick and 
10.76 µm above the Si substrate.

The difficulty in physical model-
ing stems from the complexity of 
the high frequency phenomena, 
i.e., eddy currents in the intercon-
nects and the substrate losses in the 
silicon. The key to accurate physical 
modeling is the ability to identify 

s Fig. 1  Cross section of 0.13 µm SiGe 
BiCMOS process (a) and layout of the 
three-port symmetric spiral inductor (b). 
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solver, a lumped 
equivalent circuit 
model significantly 
decreases simula-
tion time, for more 
rapid optimization.

To illustrate the 
equivalent circuit 
model, a 3D view 
of the symmetric in-
ductor is shown in 
Figure 2. Ls1, Rs1, 
Cs1 and Ls2, Rs2, Cs2 
represent the induc-
tances, resistances 
and line-to-line ca-

pacitances of the spiral wires of in-
ductors L1 and L2, respectively.4,5 
Ls3 and Rs3 denote the inductance 
and resistance of the center tap line. 
Cox1,2,3 represent oxide capacitanc-
es between the inductor line and 
the substrate. Csub1,2,3 and Rsub1,2,3 
depict the capacitances and resis-
tances in the Si substrate. Cox1,2,3, 
Csub1,2,3 and Rsub1,2,3 form the RC 
network to model ohmic loss in the 
substrate. The total Cox, Csub and 
Rsub can be calculated as follows:

the performance to degrade from self 
resonance. An approach to solve this is 
to utilize the bottom metal layer (M1) 
as the ground plane, which is far away 
from the inductor layers.

EQUIVALENT CIRCUIT MODEL
Equivalent circuit models of spiral 

inductors utilizing lumped RLC ele-
ments, together with other design 
components, can be used effectively 
to evaluate electrical performance. 
Compared with the physical model 
simulated by an electromagnetic field 
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where lwire is the total physical length 
of the symmetric inductor, tsub and 

s Fig. 2  Physical structure of the symmetric inductor showing 
parasitic elements.
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MiniRF is a proven leader in supplying high performance 
surface mount RF passive components at competitive 
prices for existing and emerging Broadband/CATV and 
Wireless Communications Systems.

MiniRF components are used in many of the world’s 
largest suppliers of communications products with 
nearly a billion units shipped.

Standard & Custom Components

Contact us for design support
www.minirf.com | sales@minirf.com | (408) 228-3533

SPLITTERS

2.5 GHz BW, 2/3&4 
way power splitters 
designed for both 
50 & 75 ohm 
applications.

COUPLERS

Small, low cost, 
and highly reliable 
surface mount 
couplers found in 
Broadband / CATV 
Communications 

TRANSFORMERS

50 Ω & 75 Ω 
supporting a wide 
range of applications 
with impedance 
ratios of 1:1, 1:4, 
1:8, 1:16.

RF CHOKES

Precision inductors 
& chokes with wire 
diameters from 
0.060~5mm single 
& multilayer, air-core, 
coil configurations.

50 Ω & 75 Ω Small, low cost, 
2.5 GHz BW, 2/3&4 
way power splitters 
designed for both 

50 Ω & 75 Ω 
supporting a wide 
range of applications 
with impedance 

50 Ω & 75 Ω 

SPLITTERS

2.5 GHz BW, 2/3&4 
Precision inductors 

Passives with a Passion for Performance

electromagnetic and circuit simula-
tions, respectively. For the physical 
model, the width, space, inner diam-
eter and turns of the inductor (see 
Figure 1) are optimized to be 7, 3, 
50 and 1.5 µm, respectively. For the 
double π equivalent circuit model, a 
numerical approach is adopted to 
accurately calculate the lumped ele-
ments for the ladder circuit.2 Using 
this approach, calculation complex-
ity is dramatically reduced. Param-
eters used for calculation are extract-
ed and shown in Table 1.

L and Q are calculated using 
Equations 6 and 7

( )

( )
( )

=
π

=

ε =
−

L
2imag Z

2 f
(6)

Q
imag Z

real Z
(7)

X m
X

x100% (8)

DD

DD

DD

where ZDD is equal to (Z11 + Z12 + 
Z21 +Z22)✻0.5

Results of both models are com-
pared in Figure 4 and agree well. The 
simulated total inductance of L1 and 
L2 is approximately 300 pH (150 pH 
each) and the Q is approximately 18 
at the operating frequency of 20 GHz.

K-BAND VCO DESIGN
To evaluate the performance of 

the symmetric inductor, a 20 GHz 
VCO was designed for K-Band ap-
plications. Figure 5 shows the sche-
matic of the 20 GHz VCO core and 
buffers.8 The differential LC VCO 
core is constructed with cross-cou-
pled nMOS transistors M1 and M2, 
which provide the negative conduc-
tance to compensate the loss of the 
LC tank. Transistor M3 is used as the 
tail current source to set the current 
of the VCO. The LC tank is built 
using spiral inductors L1 and L2 to-
gether with MOS varactors C1 and 
C2. The MOS varactors are realized 
with a polysilicon-to-n-well struc-
ture, which has good linearity, high 
Q and a wide tuning ratio. The tun-
ing ratio Cmax/Cmin is approximately 
3 at 20 GHz, when the gate width, 
length and � ngers of each varactor 
are selected to be 40 µm, 3 µm and 
4, respectively. The output buffer 
of the VCO is a single-stage source 

ating frequency 
range of the RFIC. 
Additionally, dou-
ble π equivalent 
circuit models are 
built by frequency-
independent RLC 
elements to achieve 
geometric scalabil-
ity.3,4 The double π
equivalent circuit 
model correspond-
ing to the physical 
structure in Figure 
2 is shown in Fig-
ure 3. Lb1, Rb1 and 
Lb2, Rb2 are added 
to model skin and 
proximity effects 
of the inductors at 
high frequency. In 
this case, the cou-
pling coef� cient 

k can be regarded as minimal, be-
cause the distance between L1 and 
L2 is relatively large.

Focusing on differential RFICs op-
erating in K-Band, the physical and 
equivalent circuit models are opti-
mized to verify uniformity through 

tox represent the thickness of the 
substrate and the height of the metal 
layer and w is the inductor width.

Double π equivalent circuit mod-
els of inductors are extensively used 
to achieve wideband modeling ac-
curacy,7 which signi� cantly ensures 
circuit stability beyond the oper-

 Fig. 3  Double π equivalent circuit model of the symmetric 
inductor.
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Planar Monolithics Industries, Inc.
Portable Bench Amplifiers, Up to 40 GHz

PMI’s new line of low-cost, highly reliable, RF/Microwave amplifiers features 
built in AC power supplies available in test bench or portable housing 
configurations.  Custom designs can be supplied using any of our catalog or 
customer driven specifications. 
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Frequency 0.01 to 18.0 GHz

Gain 40 dB Typ -  
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Noise Figure
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RF Connectors:  2.92mm Female

Antenna Measurement Techniques Association 
Grand Hyatt Atlanta Hotel, Atlanta, GA
October 15 – 20, 2017
Booth# L102
http://www.amta2017.org

54th Annual AOC International
Symposium and Convention
Marriott Marquis & DC Convention Center, 
Washington, DC, November 28 - 30, 2017
Booth# 615
crows.org/conventions/2017.html

http://www.mwjournal-digital.com/mwjournal/october_2017/TrackLink.action?pageName=93&exitLink=mailto%3Asales%40pmi-rf.com
http://www.mwjournal-digital.com/mwjournal/october_2017/TrackLink.action?pageName=93&exitLink=http%3A%2F%2Fwww.pmi-rf.com
http://www.mwjournal-digital.com/mwjournal/october_2017/TrackLink.action?pageName=93&exitLink=http%3A%2F%2Fwww.pmi-rf.com%2FProducts%2Famplifiers%2Fportabletestbenchamp.htm
http://www.mwjournal-digital.com/mwjournal/october_2017/TrackLink.action?pageName=93&exitLink=http%3A%2F%2Fwww.pmi-rf.com%2FProducts%2Famplifiers%2FPLNA-35-100M18G-P1dB24-120VAC.htm
http://www.mwjournal-digital.com/mwjournal/october_2017/TrackLink.action?pageName=93&exitLink=http%3A%2F%2Fwww.pmi-rf.com%2FProducts%2Famplifiers%2FPTB-60-120-5R0-10-100VAC-SFF.htm
http://www.mwjournal-digital.com/mwjournal/october_2017/TrackLink.action?pageName=93&exitLink=http%3A%2F%2Fwww.pmi-rf.com%2FProducts%2Famplifiers%2FPTB-42-1G40G-12-292FF-DC12-220VAC.htm
http://www.mwjournal-digital.com/mwjournal/october_2017/TrackLink.action?pageName=93&exitLink=http%3A%2F%2Fwww.amta2017.org
http://www.mwjournal-digital.com/mwjournal/october_2017/TrackLink.action?pageName=93&exitLink=http%3A%2F%2Fcrows.org%2Fconventions%2F2017.html


94   MICROWAVE JOURNAL  OCTOBER 2017

TechnicalFeature

COMMUNICATION
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PICO-THIN
FILTERS
STOP SACRIFICING 
PERFORMANCE 
FOR SIZE!

PICO-THINPICO-THIN
FILTERS
STOP SACRIFICING 

PICO-THINPICO-THIN
FILTERS
STOP SACRIFICING 

Bandpass, Lowpass, Highpass and Band Reject Filters 

• Bandpass, Highpass, Lowpass,  • VSWR: 1.5:1 Typ
   and Band Reject application • Bandwidth of 3% to 100%
• Frequency Range: 40 MHz to 19.0 GHz • Mil-Std-202 Cond.
• Selectivity >60 dB, other options available • Low Insertion Loss

 
3H is an industry-leading manufacturer of custom RF/Microwave filters and multiplexers 
with the lowest insertion losses and the smallest packages available on the market 
backed by our 5 Year Warranty (Passive Products) and 1 Year Warranty (Active Products).

3H designs and manufactures a complete line of filters from DC to 50 GHz  
Ask us about complex filter systems and ruggeized / military applications

3H Communication Systems
www.3HCommunicationSystems.com  |  Telephone: +1 949 529 1583

THE SMALLEST AND 
MOST SELECTIVE 
CUSTOM FILTERS ON 
THE MARKET TODAY!

ISO 9001:2008ISO 9001:2008

TABLE 1
EXTRACTED CIRCUIT MODEL PARAMETERS

Port 1 Port 2 Port 3 Other

Ls1 = 120.076 pH

Rs1 = 2.2 Ω

Rb1 = 0.55 Ω

Lb1 = 8.5 pH

Cox1 = 0.002 pF

Rsub1 = 2900 Ω

Csub1 = 0.0045 pF

Ls2 = 120.076 pH

Rs2 = 2.2 Ω

Rb2 = 0.55 Ω

Lb2 = 8.5 pH

Cox2 = 0.002 pF

Rsub2 = 2900 Ω

Csub2 = 0.0045 pF

Rs3 = 0.2 Ω

Ls3 = 0.8 pH

Cox3 = 0.004 pF

Rsub3 = 1650 Ω

Csub3 = 0.009 pF

Cs = 0.044 pF

 Fig. 4  Comparison of the physical 
and circuit models: L (a) and Q (b). 
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LadyBug-Tech.com
                          Since 2004
                          Santa Rosa, CA
                          707-546-1050

•Fast
•Accurate
•Economical
•Over 2000 settled meas/sec 
•Measure time domain trace
•Measure average power
••Statistical pulse measurements 
•In stock for fast shipment
•Programmatic drivers

50 MHz to 8 GHz
Pulse Profiling Power Sensor

sured tuning characteristic of the 
VCO. The tuning range is 2.21 GHz, 
approximately 10.5 percent, from 
19.9 to 22.11 GHz when Vctrl chang-
es from 0 to 1.5 V. The linear range 
is 0.96 GHz, from 20.56 to 21.52 
GHz, when Vctrl varies from 0.6 to 1 
V. From this, the linear gain of the 
VCO is calculated to be 2.4 GHz/V.

The measured output spectrum 
over a 100 MHz span is shown in 
Figure 7. The output frequency was 
20.89 GHz, with an output power of 
‐21.9 dBm. Phase noise at 20.89 GHz 
is shown in Figure 8. At 100 kHz and 
1 MHz offset frequencies from the 
carrier, the phase noise was ‐52.3 and 
‐92.1 dBc/Hz, respectively. Using a 
1.5 V supply voltage, the tail current 
of the VCO core was set at 4 mA, and 
the output buffers drew around 14 
mA; hence, the total power dissipa-
tion of the VCO was 27 mW.

Table 2 compares the measured 
performance with simulation. The 
discrepancies between the simulated 
and measured results are attributed 
to losses from the probe, coaxial ca-
ble and SMA connector that reduce 
the output power and the parasitic 
effects of wire interconnects and sig-
nal pads that reduce the oscillating 
frequency, f0, and tuning range and 
increase the phase noise. Hence, the 
interconnects for the VCO must be 
designed to be as short as possible, 
and the parasitic capacitance of the 
signal pads must be minimized.

CONCLUSION
Physical and circuit models were 

developed for a three-port symmet-
ric spiral inductor with center tap. 

GHz and a maximum oscillation fre-
quency, fMAX, around 130 GHz. The 
entire chip area, including testing 
pads, is 0.47 × 0.47 mm2. One of 
differential outputs is terminated in-
ternally with an on-chip 50 Ω resis-
tor, for measurement purposes.

On-wafer measurements were 
performed using a probe sta-
tion with Cascade 100 µm G-S-G 
probes. Figure 6 shows the mea-

follower amplifier, which has high 
input impedance to minimize load-
ing of the VCO core and low output 
impedance to facilitate matching to 
a 50 Ω output.

The VCO design was fabricated 
on a 0.13 µm SiGe BiCMOS pro-
cess having seven metal backends. 
The nMOS transistors used for low-
power wireless applications achieve 
a cut-off frequency, fT, around 100 

s Fig. 7  Measured output spectrum.
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TVAs from the recognized  
leader in high reliability resistive 
components offer:

•	 Two	case	sizes:		
0.150”	x	0.125”	x	0.018”	(to	6	GHz)	
0.075”	x	0.065”	x	0.018”	(to	18	GHz)

•	 Three	TCA	values:	-0.003,		
-0.007,	and	-0.009	dB/dB/°C

•	 Enhanced	slope	ETVAs	with	a		
TCA	value	of	-0.005	dB/dB/°C

•	 Attenuation	values	from	1-10	dB
•	 Solderable	or	wire	bondable	

terminations

State of the Art, Inc.
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The performance of the two mod-
els agreed well and were designed 
and veri� ed by fabricating a 20 GHz 
VCO, using a 0.13 µm SiGe BiCMOS 
process. The results show that the 
modeling approach described in 
this work provides a good estimate 
of L and Q for the highly integrated, 
differential RFIC designs.■
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TABLE 2
VCO SIMULATED VS. MEASURED RESULTS

Performance Simulated Measured
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−52.26 @ 100 kHz
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Planar Four-Way Power Divider 
with Stopband Rejection and 
Good Output Isolation
Kaijun Song, Yu Zhu, Shunyong Hu, Fan Zhang, Maoyu Fan and Yong Fan
University of Electronic Science and Technology of China, Chengdu, China

A planar four-way wideband power divider with compact size, good isolation and output port 
impedance matching uses quarter-wavelength coupled lines, instead of the quarter-wavelength 
transmission lines used in a conventional Wilkinson power divider, to implement stopband rejection 
and the four-way power dividing function. Even and odd mode equivalent circuits are presented 
and design equations are derived. A compact planar four-way power divider is designed, 
optimized, fabricated and measured. Measured results show good agreement with simulation.

Power dividers play an important 
role in power-combining ampli-
fiers and antenna arrays. Current 
development is focused on wide 

bandwidth,1-4 multi-band response,5-7 min-
iaturization,8,9 high isolation10,11 and har-
monic suppression,12,13 as well as small 
size, low cost and ease of integration.14-19 
Xu16 reported on a four-way power divider 
interconnecting power dividers with several 
output ports, but it was large. Xu et al.18 

used composite right/left-handed transmis-
sion lines to construct parallel three-way and 
four-way power dividers;18 however, since no 
isolation elements were used, isolation and 
match at the output ports were poor. They 
mentioned that reasonable isolation, good 
output match and compact size are difficult 
to realize in multi-way planar power dividers.

Filters are needed in RF systems to re-
ject unwanted signals. Power 
dividers and filters are of-
ten connected together to 
achieve low insertion loss, 
miniaturization and low cost. 
At present, power dividers 
with filtering are normally con-
structed in two types: Type I 
power dividers with harmonic 
suppression20,21 and Type II 
power dividers with bandpass 

filter responses.22-29 Power dividers with sin-
gle and dual bandpass responses have been 
developed;30,31 however, planar multi-way 
power dividers with bandpass response or 
stopband rejection, good output isolation 
and good output impedance matching are 
very few.

In this article, we describe a compact, pla-
nar, four-way power divider with stopband 
rejection, good isolation and impedance 
matching at its output ports. The power di-
vider is constructed using coupled lines. Its 
frequency response is similar to a coupled 
line filter. Coupled lines are utilized instead 
of the quarter-wavelength line in a conven-
tional Wilkinson power divider to reduce the 
size. Measured results show that this planar 
four-way power divider with stopband rejec-
tion has several advantages: excellent input 
impedance matching, low insertion loss, a 
good balance of amplitude and phase at the 
output ports, good filter response and good 
isolation within the passband.

DESIGN
The coupled line four-way power divider 

(see Figure 1) can be described as equiva-
lent to a combination of a coupled line filter 
and a Wilkinson power divider. Stopband 
rejection is realized with the same λ/4 mi-
crostrip lines of the Wilkinson power divider. 
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Z11, Z12, Z13, Z14, Z21 and Z22 are the 
impedance matrix elements of the 
four-port network. The transmission 
matrix [A1] of part 1 is obtained by 
the relationship between the im-
pedance matrix and the transmis-
sion matrix. In addition, the trans-
mission matrix [A2] of part 2 is ob-
tained as follows:

A
cos jsin

jsin cos
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θ θ
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where θ is the electrical length of 
part 3. The transmission matrix [A3] 
of part 3 is obtained by combining 
Equations 1 and 2.

[ ] [ ] [ ]= ∗A A A (3)3 1 2

Meanwhile, the admittance ma-
trix [Y3] of part 3 is also obtained by 
using the relationship between the 
transmission matrix and the admit-
tance matrix. The admittance matrix 
[Y4] is as follows:

Y4[ ] =
1
R1

− 1
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− 1
R1

1
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The length (L1) of the coupled line is 
about λg/4, where λg is the guided 
wavelength of the microstrip line at 
the center frequency. Output ports 
2 and 3 are located at the two ends 
of the upper folded microstrip line, 
while output ports 4 and 5 are lo-
cated at the two ends of the lower 
folded microstrip line.

The operating bandwidth is de-
termined by the coupling gap, S1, 
between the transmission lines, which 
can be obtained by simulation. Isola-
tion resistors (R1 in Figure 1) are locat-
ed between ports 2 and 3 and ports 
4 and 5. Another isolation resistor, R2, 
is located between the two central 
coupled lines. Since the power divid-
er is symmetric, the even/odd mode 
method can be used for analysis.

EQUIVALENT CIRCUIT 
ANALYSIS

Under odd mode excitation, the 
symmetrical plane PP’ shown in Fig-
ure 1 is an electrical wall (see Figure 
2). Part 1 in Figure 2 is a coupled line, 
which can be viewed as a four-port 
network. One of the four ports is a 
short circuit and another connects to 
the resistance R2. According to mi-
crowave network theory, part 1 can 
also be viewed as a two-port net-
work. The two ports are designated 
1 and 2, respectively. The imped-
ance matrix elements of the two-port 
network are obtained as follows:
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s Fig. 2  Odd mode equivalent circuit.

2
Part 2

Part 4

Port 2Part 1

Part 3

Port 1
1

R1

R2/2 R2/2

R1

Z2, θ2

Z2, θ2

http://www.mwjournal-digital.com/mwjournal/october_2017/TrackLink.action?pageName=102&exitLink=http%3A%2F%2Fwww.piconics.com
http://www.mwjournal-digital.com/mwjournal/october_2017/TrackLink.action?pageName=102&exitLink=mailto%3Asales%40piconics.com


MWJ/ROSENBERGER/AEROSPACE/1017

Aerospace  
Products

Whether aviation or spaceflight applications –  
Rosenberger is a qualified and trusted supplier 
of connectors and cable assemblies to the 
aerospace industry. Our aerospace products 
are designed and manufactured in accordance 
with ESCC, MIL-PRF 39012, or DIN EN 9100. 

www.rosenberger.com/aerospace

AEROSPACE

Product range
 § Cable assemblies
 § Board-to-Board connections
 § Board-to-Cable connections
 § SMD types
 § PCB connectors

http://www.mwjournal-digital.com/mwjournal/october_2017/TrackLink.action?pageName=103&exitLink=http%3A%2F%2Fwww.rosenberger.com%2Faerospace


104   MICROWAVE JOURNAL  OCTOBER 2017

TechnicalFeature

Waveguide

USB Controlled

Electromechanical

Surface Mount

PIN Diode

Broadest Selection of 
In-Stock RF Switches

• Coaxial, Waveguide and Surface Mount  
 options available

• SPST thru SP12T and Transfer   
 con� gurations

• Frequencies from 10 MHz to 110 GHz

• All in-stock and ship same-day

   RF COMPONENTS ON DEMAND.

   RF COMPONENTS ON DEMAND.

   RF COMPONENTS ON DEMAND.

   RF COMPONENTS ON DEMAND.

   RF COMPONENTS ON DEMAND.

   RF COMPONENTS ON DEMAND.

Broadest Selection of 
In-Stock RF Switches

• Coaxial, Waveguide and Surface Mount  
 options available

• SPST thru SP12T and Transfer   
 con� gurations

• Frequencies from 10 MHz to 110 GHz

• All in-stock and ship same-day

   RF COMPONENTS ON DEMAND.

   RF COMPONENTS ON DEMAND.

   RF COMPONENTS ON DEMAND.

   RF COMPONENTS ON DEMAND.

   RF COMPONENTS ON DEMAND.

   RF COMPONENTS ON DEMAND.

Z
A Z B

C Z D
(9)0

w2 0 w2

w2 0 w2

( )
( )=
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where Aw2, Bw2, Cw2 and Dw2 are the 
elements of [Aw2]. The isolation re-
sistances R1 and R2 can be calculat-
ed by combining Equations 1 to 9 
after the other parameters are con-
� rmed.

SIMULATION AND 
MEASUREMENT

To verify and demonstrate the 
design method and circuit perfor-
mance, a four-way planar power 
divider was built on an RF-35 sub-
strate with relative permittivity of 
3.5, thickness of 0.508 mm and 
loss tangent of 0.0018. The circuit 
model was constructed in HFSS. Af-
ter simulation and optimization, the 
dimensions of the fabricated planar 
four-way power divider were chosen 
to be L1 = 43.2 mm, L2 = 45.65 mm, 
L3 = 2 mm, W1 = 0.1 mm, W2 = 0.1 
mm, W3 = 0.1 mm, S1 = 0.1 mm, R1 
= 100 Ω and R2 = 100 Ω. A photo-
graph of the fabricated planar four-
way power divider is shown in Fig-
ure 4. The circuit size is just 0.014 
× 0.26 λg.

Measured versus simulated re-
sults are shown in Figures 5 and 6. 
The measured input return loss is 
greater than 15 dB, while the simu-
lated input return loss is greater 
than 20 dB over the operating fre-
quency range, as shown in Figure 
5a. The center frequency is about 
1.05 GHz, and the 10 dB input return 

The admittance matrix [Yw1] or 
transmission matrix [Aw1] of the en-
tire network can be obtained by

Y Y Y (5)w1 3 4[ ][ ] [ ]= +

When port 1 and port 2 are si-
multaneously matched, the follow-
ing condition must be satis� ed:

Z
A Z B

C Z D
(6)0

w1 0 w1

w1 0 w1

( )
( )=

+
+

where Aw1, Bw1, Cw1 and Dw1 are the 
elements of the transmission matrix 
[Aw1].

Under even mode excitation, the 
symmetrical plane PP’ is a magnet-
ic wall, as shown in Figure 3. The 
analysis method is similar to the odd 
mode. According to transmission 
line theory, the input impedance 
Zin1 is determined by

( )
( )=

+ θ
+ θ

Z
2Z 100 j2Z tan

2Z j100 tan
(7)in1

1 1 1

1 1

Based on microwave network 
theory, the impedance matrix [Z2] of 
part 5 is

Z
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The transmission matrix [Aw2] of 
the entire network is determined in 
a manner similar to that for the odd 
mode analysis. When ports 3 and 
4 are simultaneously matched, the 
condition that must be satis� ed is

 Fig. 3  Even mode equivalent circuit.
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 Fig. 4  Fabricated planar four-way 
power divider.
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maximum phase imbalance of ±2 
degrees from 0.5 to 1.4 GHz. Ampli-
tude and phase imbalance is likely 
due to fabrication and assembly tol-
erances. Figure 6b shows the isola-
tion between output ports, which is 
greater than 15 dB over the pass-
band.

13.5 dB at the center frequency, as 
shown in Figure 5b. Since ports 2 
and 3 are symmetric with ports 4 
and 5, the curves of S22 and S33 are 
similar to the curves of S55 and S44, 
respectively. Because port 2 is not 
symmetric with port 3, the curve of 
S22 is not similar to the curve of S33. 
Likewise, the curve of S44 does not 
match the curve of S55.

The measured insertion phase 
of port 2 is similar with that of ports 
3, 4 and 5 (see Figure 6a) with a 

loss bandwidth is about 28 percent. 
Insertion loss is about 0.4 dB within 
the passband, and the 1 dB insertion 
loss bandwidth is about 45 percent. 
A maximum amplitude imbalance of 
±0.15 dB is observed over the oper-
ating passband. Lower stopband re-
jection is greater than 15 dB from 0 
to 0.45 GHz, while upper stopband 
rejection is greater than 15 dB from 
1.75 to above 2.75 GHz.

Measured return loss for the four 
output ports is greater than than 

s Fig. 5  Simulated vs. measured 
insertion loss and |S11| (a) and |S22 |, |S33 |,  
| S 44 | and | S55 | (b).
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CONCLUSION
A compact planar four-way wide-

band power divider with stopband 
rejection uses coupled line technol-
ogy not only provides a four-way 
power dividing function but also a 
bandpass response. Even and odd 
mode equivalent circuits are pre-
sented and design equations are 
derived. Measurement is in good 
agreement with simulation, verify-
ing the theoretical analysis. This 
structure has excellent input and 
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Enhanced 3D, EM and 
Electro-Thermal
Simulation for 
Wireless Design
Keysight Technologies
Santa Rosa, Calif.

M odern wireless communica-
tions systems are based on 
an ever-expanding array of 
standards and boast new and 

sophisticated functionality. This serves to 
complicate an already challenging design 
and test process. Keysight Technologies’ 
Advanced Design System (ADS) software 

has been used by RF and microwave design-
ers to solve the most demanding problems. 
Its latest release, ADS 2017, introduces pio-
neering solutions, a host of new 3D capa-
bilities and enhanced performance in circuit, 
electromagnetic (EM) and electro-thermal 
simulation to help designers meet the strin-
gent requirements of modern wireless com-
munications design.

Optimized 3D Design—The increased 
complexity of today’s wireless designs de-
mands improved solutions for viewing and 
editing. With the new 3D capabilities in 
ADS2017, it is now possible to visualize and 
edit a printed circuit board (PCB) or MMIC/
RFIC layout in three dimensions (see Figure 
1). This provides a powerful tool for verifying 
that designs meet requirements and helping 
to � nd mistakes. ADS 2017’s new 3D capa-
bilities also simplify stitching with vias in a 
multi-layered design, routing in dense areas 
and making complex structure selections 
while preparing for EM simulation.

Enhanced 3D Electro-Thermal Simula-
tion—To avoid costly circuit revisions with 
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 Fig. 1  Editable 3D layout of an LNA.
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impedance changes versus fre-
quency, voltage or other variables, 
so designers can make informed 
decisions on tradeoffs among these 
parameters (see Figure 3).

Powerful 3D EM Simulation—
The 3D � nite element method 
(FEM) engine in ADS is a full-wave 
EM simulator that is used to analyze 
3D EM effects in the frequency do-

information, designers can make 
necessary edits and tape out with a 
high degree of con� dence.

Simpli� ed 3D Data Visualiza-
tion—ADS 2017 offers designers a 
simple way to process ADS simula-
tion results using Python. The capa-
bility unleashes new functionality to 
analyze, manipulate and visualize 
ADS results and is available to ex-
pert Python users, 
as well as those 
with no previous 
experience. For 
non-programmers, 
Keysight provides 
workspaces con-
taining Python 
scripts. One ex-
ample application 
with downloadable 
code is the creation 
of 3D Smith charts, 
a graphical aid 
that helps visualize 
large amounts of 
information using a 
single plot. For in-
stance, a 3D Smith 
Chart can plot how 

power ampli� er (PA) modules re-
quiring high density layouts or em-
ploying advanced processes (e.g., 
GaN and GaAs), designers must as-
sess the thermal performance of the 
circuit prior to tape out. The ADS 
electro-thermal simulator provides 
designers with a full 3D thermal 
solver tightly integrated with the 
ADS layout environment and circuit 
simulators. It computes the full sys-
tem or chip temperature pro� le and 
annotates this information in the cir-
cuit simulator for temperature-accu-
rate circuit analysis. ADS 2017 takes 
these capabilities one step further 
by allowing multiple technologies 
to be thermally simulated together.

As an example, consider a PA 
design � ip-chipped and encapsu-
lated in a QFN package. The design 
includes the die, laminate, copper 
bumps and packaging, which cre-
ates a highly variable thermal re-
sistance pro� le that is dif� cult to 
analyze. Figure 2 shows the multi-
technology substrate setup inside 
ADS 2017 and the thermal analysis 
of the entire 3D chip, with excellent 
resolution and accuracy. With this 

Enhanced 3D, EM and 
Electro-Thermal
Simulation for 
Wireless Design
Keysight Technologies
Santa Rosa, Calif.

 Fig. 2  Multi-technology electro-thermal simulation for a � ip-chipped and packaged PA, showing the package cross-section (a), PA 
die (b) and 3D thermal pro� le (c).

(a)

(b) (c)

 Fig. 3  3D Smith chart showing EVM surface versus the load 
impedance for a PA.
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the FEM engine is more powerful (see Figure 4). A 
smarter mesh creator, adaptive meshing algorithm, use 
of mixed-order functions and parallel frequency point 
solving allow the FEM in ADS 2017 to run an average 
of 1.5 to 2x faster than its predecessor. Also, disk space 
usage is reduced by approximately 50 percent. This 
makes the FEM engine more accessible to RF and mi-
crowave designers.

3D Via Designer—Via models that are accurate at 
high frequencies is a crucial problem when simulating 

main. It is especially useful simulating the EM effects of 
components, such as high speed and RFIC packages, 
bond wires, antennas, on- and off-chip embedded pas-
sives and PCB interconnects. The FEM engine is fully 
integrated inside both ADS and Keysight’s 3D model-
ing and simulation environment, EMPro. Exporting and 
importing designs to and from the engine is automated 
to save time and minimize errors, compared to manu-
ally exporting and importing.

With the release of ADS 2017 and EMPro 2017, 

ProductFeature

(a) (b)

 Fig. 4  FEM-generated EM waves for a chip package and bond wires (a) and PCB with board interconnects (b).
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Automated PCell Construction—Abundant and 
capable simulation options and integration with Key-
sight’s GoldenGate software, the “gold standard” in 
RFIC simulation, make ADS an excellent platform for 
starting and completing silicon RFIC designs. ADS 2017 
further complements this functionality with the addition 
of CoilSys, an add-on utility that automates PCell con-
struction for spiral inductors (single-ended or differen-
tial), transformers, baluns, solenoids and transmission 
lines (see Figure 5). The resulting PCells are design rule 
checking (DRC) clean and ready to utilize in an RFIC de-
sign. CoilSys eliminates the manual creation of layout 
cells, often a laborious task and not an efficient use of 
the RFIC designer’s time. The layouts created with Coil-
Sys are EM simulated and can be parametrized for com-
ponent synthesis, as well as design optimization.

Stronger and More Comprehensive Simula-
tion—In the wireless communications system design 
environment, where the slightest edge can mean the 
difference between design success or failure, the 
powerful and comprehensive new features in ADS 
2017 may be just the tool today’s designers need to 
get ahead.

Keysight Technologies Inc.  
Santa Rosa, Calif.  
www.keysight.com

high speed signal interconnects. To solve this, ADS 
2017 introduces Via Designer, a tool for creating and 
modeling single-ended or differential PCB vias, giv-
ing the designer full control over the via’s parameters. 
Via Designer uses FEM to fully characterize the EM ef-
fects of the model, ensuring high frequency accuracy. 
It supports parametrized sweeps, enabling fine tuning 
of the circuit during full-channel simulation. With this 
new tool, the uncertainty associated with via design is 
eliminated.

s Fig. 5  CoilSys automates PCell construction so RFIC 
designers can create DRC-clean PCells. 
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65 V LDMOS 
Enables 1800 W 
Transistor
NXP Semiconductors
Chandler, Ariz.

Industrial, scientific and medical applica-
tions are migrating from using vacuum 
tubes to solid-state, requiring RF sys-
tems to reach increasingly higher power 

levels. This move multiplies the number of 
RF power transistors per system, resulting in 
combining losses, increased size of power 
amplifiers and more complex power supply 
management. As a result, there is an ever-
increasing need for higher output power per 
RF transistor.

Silicon laterally diffused metal oxide 
semiconductor (LDMOS) is the dominant 
technology for high-power RF designs. Ten 
years ago, the industry moved to 50 V drain 
voltage to achieve 1 kW of output power 
per transistor. Over time, the 50 V LDMOS 
technologies improved in ruggedness and 
power density, last year delivering 1500 W 
from a single device. That level of CW out-
put power constitutes the upper limit of 
what can be achieved at 50 V without com-
promising usability.

This makes a higher voltage technology 
desirable. Here’s why: There are four ways to 
boost the output power of an RF transistor. 
Two involve simply adding more LDMOS 
periphery on the chip, either by increasing 
the die size or by increasing the density (i.e., 
total gate width) of the active silicon on the 
die. However, both solutions augment the 
parasitic output capacitance (Cds) of the 
transistor, making it difficult to match to  
50 Ω. The third way is to optimize existing  
50 V LDMOS technology further, to increase 
the power density of LDMOS (i.e., W/mm). 
This method does not address the funda-
mental RF transistor design trade-offs. As 
described in Motorola’s 1991 application 

note, AN1526, the output resistance is a 
function of the drain voltage and the output 
power, shown by the formula 

R
V
2PL

2
=

 

Increasing the output power, P, lowers the 
output resistance RL. This makes the tran-
sistor difficult to match to 50 Ω. The fourth 
way to increase the output power is to raise 
the drain voltage, V, with two-fold benefits: 
Increasing the voltage increases the power 
density and enables higher output power 
without having to expand the LDMOS pe-
riphery; this keeps the output capacitance 
Cds at a desirable level. More importantly, 
per the above formula, raising the drain volt-
age, V, helps maintain the existing output re-
sistance RL when P increases.

As an example, an 1800 W, 50 V push-pull 
transistor has an output impedance of 

Ω=
×

×R
50

2 900
2 sides = 2.8L

2

at low frequencies, requiring a transformation 
ratio of 18:1 to match it to 50 Ω. An 1800 W, 
65 V push-pull transistor has a “friendlier” 
output impedance of 4.7 Ω and requires a 
lower 10:1 transformation ratio, making it 
possible to use the device at higher frequen-
cies and in wideband applications. The ex-
ample illustrates that raising the drain voltage 
allows higher power levels without compro-
mising ease of use, by keeping both output 
RL and Cds at reasonable levels.

Developing a higher drain voltage device 
requires a multi-year silicon technology re-
search and development effort, to find the 
right balance between the on-state resis-
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50 to 65 V brings five benefits to 
RF power amplifier designers. The 
65 V drain bias increases the power 
to 1800 W while retaining a reason-
able output impedance. This latter 
advantage enables a third benefit: 
the MRFX1K80H was designed to 
be pin-compatible with existing 50 V 
LDMOS solutions on the market. As 
this 1800 W, 65 V transistor has an 
output impedance close to that of 
a 1250 W, 50 V transistor, the same 
PCB can be used (see Figure 1). 
Little to no retuning is needed, de-
pending on the frequency and the 
bandwidth, which reduces the de-
velopment cycle time for faster time-
to-market. The fourth benefit is that 
a higher voltage decreases the cur-
rent in the system, limiting magnetic 
radiation and lowering the stress on 
power supplies and components. 
Lastly, the new 65 V LDMOS tech-
nology exhibits a typical breakdown 
voltage of 193 V. This higher safety 
margin improves ruggedness and re-
liability and enables higher efficiency 
classes of operation.

NXP warrants production avail-
ability of the MRFX1K80H for 15 
years. The data sheet, simulation 
models and other tools may be 
downloaded from NXP’s website. 
Reference circuits at various fre-
quencies are available through 
NXP’s approved distributors.

NXP Semiconductors 
Chandler, Ariz.  
www.nxp.com/RF

tance, ruggedness and reliability. 
Earlier this year, NXP qualified a new 
65 V LDMOS technology, enabling a 
new generation of RF power transis-
tors: the MRFX series. The technol-
ogy is designed for 1.8 to 400 MHz 
industrial, scientific and medical ap-
plications, such as laser or plasma 
generation, particle accelerators, in-
dustrial heating, MRI and diathermy, 
as well as FM and VHF TV broadcast 
transmitters and HF/VHF aerospace 
and defense applications.

The first device of the MRFX se-
ries was released in August 2017. 
The MRFX1K80H delivers 1800 W 
of CW output power and can be 
used with drain voltages from 30 to 
65 V. It has a low thermal resistance 
of 0.09°C/W and withstands a re-
flected energy of 65:1 VSWR in all 
phase angles with no degradation. 
The typical RF performance at vari-
ous frequencies is shown in Table 1.

TABLE 1
MRFX1K80H TYPICAL PERFORMANCE

Frequency 
(MHz) Voltage (V) Output Power (W) Gain (dB) Drain Efficiency (%)

27 60 1800 CW 27.8 75.6

64 65 1800 Pulse 27.1 69.5

81.36 63 1700 CW 24.5 76.3

87.5 to 108 60 1600 CW 23.6 82.5

123/128 65 1800 Pulse 25.9 67.0

144 65 1800 CW 23.5 78.0

230 65 1800 Pulse 25.1 75.1

325 63 1700 Pulse 22.8 64.9

s Fig. 1  The MRFX1K80H is pin-
compatible with existing 50 V LDMOS 
devices, enabling higher power using the 
same PCB with little or no retuning.

MW and MMW amplifiers and integrated assemblies 
Up to 100 GHz. High degree of customization. 

Space / Aerospace / Military / Laboratory 

www.erzia.com
ERZIA, 2001 L Street NW, Suite 500, Washington, DC 20036

  sales.rf@erzia.com  Tel: +1 202-495-3479    
ERZIA HQ, Josefina de la Maza 4, 39012 Santander, Spain
sales.rf@erzia.com  Tel: +34 942 29 13 42

This new transistor demonstrates 
that raising the drain voltage from 
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Handheld 
Spectrum Analyzer 
Covers 56 to 67 GHz
SAF Tehnika
Riga, Latvia

R ising demand for bandwidth is 
driving the growth in deployment 
of point-to-point radios in the 60 
GHz band (V-Band). V-Band is un-

licensed in the U.S. and serves as a comple-
ment to the unlicensed 5.8 GHz band. The 
unique characteristics of the signal allow for 
dense deployments using small cell or pi-
cocell technology. However, deployment in 
V-Band presents some challenges. Because 
signals in that frequency are susceptible to 
both atmospheric and rain attenuation, link 
distances are limited to 500 to 700 m (1600 
to 2200 ft). With only a 5 mm wavelength, 
meeting link budgets requires unobstructed 
line of sight, careful link planning and prop-
er antenna alignment. Until now, there have 
been no convenient tools to perform these 
tasks; reference solutions available on the 
market are large, complex and quite expen-
sive.

In addition to data backhaul, the Wi-Fi 
Alliance has begun certifying devices for 60 
GHz Wi-Fi, or WiGig. While the Alliance es-
tablished a well-tried interoperability test bed 
for device certification, a portable solution for 
physical layer testing in deployed environ-
ments, one able to provide real-time informa-
tion, has, so far, been unavailable. 

Options have been limited to bringing 
large lab standards into the environment or 
using a portable spectrum analyzer that does 
not have a screen, then analyzing all the data 
in a post-measurement environment. SAF 
Tehnika has addressed these issues with 
the introduction of the J0SSAP60 Spectrum 
Compact spectrum analyzer. With a frequen-
cy range of 56 to 67 GHz, this is the latest ad-
dition to the Spectrum Compact family that 
already covers 2 to 40 GHz and 70 to 87 GHz.

CHARACTERISTICS
As the first handheld spectrum analyzer 

on the market covering 56 to 67 GHz, the 
J0SSAP60 enables microwave engineers 
to observe what is going on in real-time. It 
does not use an external down-converter, 
working directly at V-Band frequencies. The 
analyzer has a fixed 10 MHz resolution band-
width (RBW) and a guaranteed noise floor of 
‐90 dBm. It comes with a wide-beam sniffer 
antenna that can be attached to the WR15 
waveguide flange located on the back panel 
of the analyzer.

With a scan speed of 0.5 s at a 1 GHz 
span and the level of system gain, this spec-
trum analyzer is suitable for interference 
detection, free channel investigation, tower 
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FIELD OPERATION
Instead of features that would 

only be useful in a laboratory envi-
ronment, the Spectrum Compact 
has the qualities and functionality 
needed by microwave field engi-
neers to efficiently perform their 
daily tasks: radio parameter verifi-
cation, antenna alignment, inter-
ference and multipath detection, 
in-band power measurements, link 
troubleshooting and saving the 
spectrum traces for reports and lat-
er analysis. The analyzer utilizes a re-
sistive touch screen, allowing opera-
tion while wearing gloves. The unit’s 
high sensitivity and low noise floor 
enable field engineers to detect 
exceptionally weak signals, making 
it possible to do multiple measure-
ments from the ground and carry 
out link troubleshooting without site 
traffic interruptions.

A standard kit includes the spec-
trum analyzer and a small wide 
angle horn antenna, as shown in 
Figure 2. The V-Band antenna can 
be attached to a WR15 waveguide 
flange at the back of the analyzer, 
enabling detection and visualization 
of the incoming signal just by point-
ing at the transmitting radio. The 
J0SSAP60 is housed in a rugged 
dust and splash resistant IP54 rated 
enclosure. A weatherproof, dedicat-
ed DC charging socket enables fast 
charging; a fully charged unit has up 
to three hours of battery life.

SAF Tehnika  
Riga, Latvia  
www.saftehnika.com

inspections from the ground and 
environmental mapping for indoor 
environments. The instrument can 
be used by mobile operators and 
private network owners in the plan-
ning stage to avoid interference 
that would adversely affect the per-
formance of a link. For regulatory 
authorities, it is an asset for gaining 
insight into traffic levels and poten-
tial interference challenges in the 
band. The receiver’s high sensitivity 
allows users to perform tower in-
spections from the ground. For Wi-
Fi engineers deploying WiGig, the 
Spectrum Compact can fully map 
the space, using the unit’s 4 GB of 
memory to save an almost unlimited 
number of spectrum traces for later 
analysis and reporting.

Once a V-Band system is de-
ployed, a report of the signal den-
sity and propagation can be gener-
ated using the included Spectrum 
Manager software. In established 
environments, interference or signal 
loss caused by rogue RF or unwant-
ed absorption can be investigated 
and remedied. Like the entire Spec-
trum Compact range, the J0SSAP60 
is designed to be used comfortably 
for extended periods of time in a va-
riety of challenging environments.

Battery powered, the instru-
ment is useful for microwave radio 
engineers performing equipment 
installation, link troubleshooting or 
gathering data for planning. A key 
feature of the spectrum analyzer is 
its form factor: its dimensions are 
similar to those of a cell phone, as 
can be seen in Figure 1.

s Fig. 1  The J0SSAP60 Spectrum 
Compact is a true handheld spectrum 
analyzer.

s Fig. 2  The standard kit includes the 
spectrum analyzer and a small wide angle 
horn antenna.
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TechBrief

tion quantities are available in tape-
and-reel format.

MiniRF is a new name for a pas-
sive component company with more 
than 20 years design and manufac-
turing experience. The company 
was formed by Premier Devices Inc. 
(PDI) in the early 1990s, acquired 
by Sirenza Microdevices in 2006, 
which was subsequently acquired 
by RFMD. MiniRF has returned to its 
roots: developing and manufactur-
ing only passive components.

 
MiniRF 
Fremont, Calif. 
www.minirf.com

Broadband, 75 Ω 
Transformer for 
DOCSIS 3.1

Designed for DOCSIS 3.1, 
MiniRF’s next generation 
broadband transformer 
covers 45 to 1218  MHz 

without sacrificing performance. 
The MRFXF0035 is a 75 Ω, 1:1 
transformer with 0.6  dB typical in-
sertion loss and 25 dB input return 
loss. Amplitude and phase balance 
between the two outputs are typi-
cally 0.2 dB and 3 degrees, respec-
tively. The transmission line design 
transforms an unbalanced input to a 
balanced output, and the low inser-
tion loss, high return loss and good 
balance provide the maximum drive 
for push-pull amplifiers, while mini-
mizing imbalance and channel dis-
tortion.

The MRFXF0035 design is 
RoHS compliant, constructed us-
ing a ceramic substrate and weld 
bonds to yield a rugged, reliable 
product; MiniRF’s mature manu-
facturing process ensures repeat-
ability. The small, surface-mount 
package fits the industry stan-
dard, four-pad, 0.15 in x 0.15 in 
footprint, which makes it drop-
in compatible with transform-
ers from multiple manufacturers. 
With a low coefficient of thermal 
expansion (CTE) package, the 
MRFXF0035 is guaranteed to op-
erate from −40°C to + 100°C.

Samples may be ordered from 
RFMW Ltd. or through MiniRF’s 
sales representatives, and produc-
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● VNA Test Assemblies

● Low Loss Cable Assemblies

● NMD Test Port Adapters

● Calibration Kits

Tel: +86-25-58817997  Fax: +86-25-58072397

E-mail: sales@arance-rf.com; tech@arance-rf.com

ARANCE ELECTRONICS
www.arance-rf.com
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optimized, significantly improving 
frequency stability.

The MV336M has analog fre-
quency control; digital frequency 
tuning with the step size of 1~3 x 
10-14 will soon be available. The 
DOCXO is housed in a 92  mm x 
80 mm x 50 mm package and bi-
ased with 12 V. A smaller DOCXO 
(51  mm x 51 mm x 25 mm) with the 
same performance is being devel-
oped.

Morion, based in Saint Peters-
burg, has been developing quartz 
devices, from blanks to precision 
OCXOs, since 1930. Morion-US is 
an independent California corpora-
tion serving the American market.

Morion-US 
San Jose, Calif. 
www.morion-us.com

10 MHz Ultra-Stable,  
Low Noise DOCXO

Expanding its family of Xstal-
Clear™ oven controlled 
crystal oscillators (OCXO), 
Morion has introduced the 

MV336M double oven controlled 
crystal oscillator (DOCXO). The 
MV336M’s combined temperature 
stability, Allan deviation (ADEV) and 
phase noise performance makes 
it ideal for atomic clocks, preci-
sion frequency measurement and 
time-based synchronization mainte-
nance.

The MV336M achieves an ADEV 
of 1.5 x 10-13 (1 s), phase noise be-
low −120 dBc/Hz at 1 Hz and tem-
perature stability of 4 x 10-11 over 
the −10°C to +70°C range. As fre-
quency stability versus temperature 
may influence ADEV for longer than 

3  s intervals, the MV336M’s stabil-
ity facilitates precise and reliable 
measurements of ADEV from 10 to 
100  s. The MV336M improves the 
phase noise at 0.1  Hz, now speci-
fied at −92 dBc/Hz.

The crystal blank’s special surface 
treatment enables higher yield for 
superior phase noise and ADEV. 
The design also reflects studies of 
crystal surface state and optimum 
power dissipation and their influ-
ence on close-in phase noise. A 
precise DOCXO requires minimiz-
ing the influence of temperature on 
the oscillator. Frequency stability 
is determined by the temperature 
dependence of each element, i.e., 
the ovens, capacitors, inductances 
and transistors. Thermal model-
ing of the oscillator design enables 
circuit and design solutions to be 
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New 2nd Half 2017 Catalog 

AR’s latest catalog for 2017 features 
the new low cost Universal series am-
plifiers with the widest bandwidth in 
the industry, covering the 10 kHz to 
1000 MHz frequency range and up 
to 25 W CW. Applications for these 
amplifiers include lab use, R&D, EMC 
testing, antenna testing and watt 
meter calibration. Additional catalog 
highlights include new RF Solid State 
CW Amplifiers, Pulsed Amplifiers, 
TWTAs, details on HIRF systems components and reference to 
a new product demo video on the 6 to 18 GHz amplifier series.

AR/RF Microwave Instrumentation 
www.arworld.us/html/catalogRequest.asp

Precision RF & Microwave 
Components Catalog 

Anritsu Co. is a global leader in the 
design and production of precision 
RF and microwave test and measure-
ment equipment for laboratories and 
field applications. Anritsu’s RF and 
microwave components offer high 
return loss connectors and cables, 
instrumentation grade adapters, pre-
cision terminations, measurement 
components and accessories. View 
the catalog on their website for detailed information about these 
precision components.

Anritsu Co. 
www.anritsu.com

Full Line Catalog
Since 1960, General Microwave 
Corp. has been an industry leader in 
design and production of state-of-the 
art PIN Diode RF/microwave control 
components. Today, its product line 
has expanded to RF/microwave sig-
nal sources, including fast (1 usec) in-
direct synthesizers with FM capability 
and high-power X- and Ku-Band sol-
id state amplifiers. All of these, and 
more, can be designed into custom 
integrated microwave assemblies for 
demanding military or commercial applications.  See General Mi-
crowave’s Full Line Catalog.

Kratos | General Microwave 
www.kratosmed.com

256 Element 
Reconfigurable Phased 
Array Innovator Kit 

Anokiwave is expanding its 5G Active 
Antenna family with the introduction 
of the AWA-0134-IK, a 256 element 
reconfigurable active antenna array. 
The AWA-0134 can act as a single beam 256 element array or as 
a four beam 64 element array that enables 4 x 4 MIMO. With over 
60 dBmi of EIRP in the single beam mode and full flexibility for 
the user in the choice of waveform stimulus and timing-control, 
the array is another enabling product for the evaluation and de-
velopment of 5G networks.

Anokiwave Inc. 
www.anokiwave.com

Capability Guide
The shortform guide covers the vari-
able capacitors available from Jo-
hanson MFG for RF and microwave 
applications, including Giga-Trim 
capacitors, miniature capacitors de-
signed for high resolution tuning of 
RF power circuits. Giga-Trim caps 
have a working voltage of 500 VDC, 
operate at a temperature range of 
-65oC to +125oC and offer an insu-
lation resistance greater than 106 MΩ. The guide also outlines 
Air Capacitors incorporating a one piece, self-locking, constant 
torque mechanism and Ceramic Trimmer Capacitors available in 
surface mount, strip-line and through hole lead styles.

Knowles Capacitors 
www.knowlescapacitors.com

Product Catalog
K&L designs and manufactures a full 
line of RF and microwave filters, du-
plexers and subassemblies, includ-
ing ceramic, lumped element, cavity, 
waveguide and tunable filters. K&L 
supplies many of today’s most signifi-
cant military and homeland security 
electronics programs. Applications 
include space flight, radar, commu-
nications, guidance systems and mobile radio base stations, as 
well as air traffic communication and control. Visit their website to 
download the complete catalog or sections of interest.

K&L Microwave 
www.klmicrowave.com
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Updated PIN Diode Control 
Product Literature
L3 Narda-MITEQ has updated its PIN 
Diode Control Product literature. It is 
a 23-page application note and short-
form catalog covering their PIN Diode 
switches, attenuators, limiters and 
IMAs. A 1.8 MB PDF version is avail-
able for download on their website. 
Simply click the literature download 
button on the left side of the home- 
page and navigate to PIN Diode Ap-
plications and click download PDF.

L3 Narda-MITEQ 
www.nardamiteq.com

New Catalog Release
PPI has released its new 2017/2018 
Product Catalog. The new catalog 
showcases several new additions 
to PPI’s expanding HI-Q Capacitor 
library, including new performance 
charts, new capacitor sizes and an 
expanded Broadband Capacitor 
line. The new catalog is available for 
download on PPI’s website. Special-
izing in magnetic and non-magnetic 
HI-Q capacitors product lines, PPI 
supplies reliable quality components 
to the military, medical, semiconductor, broadcast and telecom-
munications industries.

Passive Plus Inc. 
www.passiveplus.com

Kuhne Electronic Goes 
Digital
Catalogs are no longer necessary—
you can download a PDF data sheet 
from all products on the website in a 
comfortable and easy way. This gives 
you the most important information 
24/7: technical specifications, fea-
tures, applications and much more. 
Even whole product categories like 
Power Amplifiers or Signal Genera-
tors can be easily generated with a 
single click. Not enough? For many of 
the company’s products, you can also download the manual with 
detailed information like connections, commands, software, etc.

Kuhne Electronic 
www.kuhne-electronic.de

Coolest New Products 

This new 20 page product guide 
provides a complete survey of Mini-
Circuits’ latest product releases from 
the first quarter of 2017. Highlights 
include everything from cavity fil-
ters, ultra-wideband MMIC LNAs 
and multi-channel programmable 
attenuators to solid state switches, 
high-power stripline couplers, 40 
GHz coaxial products and more. The 
company is  continuously innovating 
new products to meet your needs, and this informative product 
line update will help you stay up to date with their latest, coolest 
new model releases.

Mini-Circuits 
www.minicircuits.com

Precision Microwave 
Components Catalog
RLC Electronics is a leader in the de-
sign and manufacture of RF and mi-
crowave components. In this catalog, 
you will find standard RLC products, 
including coaxial switches and filters 
up to 65 GHz, as well as power divid-
ers, couplers, attenuators and detec-
tors up to and beyond 40 GHz. As 
you will see, many of these compo-
nents are available in surface mount 
or connectorized packages. RLC can 
also provide customized designs to meet specific customer re-
quirements not shown in the catalog.

RLC Electronics 
www.rlcelectronics.com

Test & Measurement 
Catalog 2017 

Almost 300 pages full of information 
about the Rohde & Schwarz test and 
measurement instruments, systems 
and software. It includes a short de-
scription and photos of each prod-
uct, the most important specifica-
tions and the ordering information. 
You can download this catalog as a 
PDF from the Rohde & Schwarz web-
site or order from Customer Support 
(order number: PD 5213.7590.42 V 07.01).

Rohde & Schwarz GmbH & Co.  
www.rohde-schwarz.com 
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Contactless Data 
(Real-Time) & Power 
Transmission

The new edition of the Contactless 
Data & Power Transmission brochure 
from SPINNER covers all available 
“contactless slip ring” techniques for 
use in industrial and military applica-
tions. These entirely maintenance-
free contactless data transmission 
modules are available for various Eth-
ernet BUS protocols up to 1 Gbit/s 
(real-time data transfer rate: 100 Mbit/s). The data transfer cannot 
be monitored (Wi-Fi is not used). Rotating DC/DC converters are 
available for stand-alone use or combining with data transmis-
sion. Hybrid slip rings and customized solutions for data or power 
transmission for use in radar systems are available.

SPINNER
www.spinner-group.com

RMS Digital In-Line Power 
Meters
Werlatone’s® RMS Digital In-Line 
Power Meters allow accurate, instan-
taneous and simultaneous local and/
or remote monitoring and alarm ca-
pability. With a 40 dB dynamic range, 
the Power Meters provide measure-
ment and alarm capability of forward 
and reverse power, load VSWR and 
two external temperature sensors. Includes six general purpose 
inputs/relays and is powered by AC power adapter or POE. Re-
mote interface through TCP-IP (with SNMP and browser interface 
via LAN), RS232 and RS485 form addressable serial network. User 
ID and password protection provides secure, off-site monitoring.  
Multiple units can be networked and simultaneously monitored.

Werlatone Inc.
www.werlatone.com

GaAs and GaN Wafer 
Foundry Services
WIN Semiconductors is the leading 
global provider of pure-play GaAs 
and GaN wafer foundry services for 
the wireless, infrastructure and net-
working markets. WIN provides its 
customers with a diverse portfolio of Hetero-junction Bipolar 
Transistor, Pseudomorphic High Electron Mobility Transistor, GaN 
HEMT, PIN Diode and Optical Device solutions that support lead-
ing edge products for applications from 50 MHz to 150 GHz and 
through light-wave. Custom products built by WIN are found in 
multiple markets, including smartphone, optical components, 
defense and automotive.

WIN Semiconductors Corp.
www.winfoundry.com
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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 •  sa l es@h i l l en g.c om

www.comtechpst.com/hill ISO 9001:2000
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KEEP LEARNING
KEEP ADVANCING 

IEEE ONLINE & FACE TO FACE CLASSES 
SIGN UP TODAY AT IEEEBOSTON.ORG

Digital Signal Processing for wireless 
Communications - Under the Hood!

Radar Basics and Amazing Advances

And More!

Practical RF PCB Design: Wireless networks, 
Products and Telecommunications

Modern Materials for High Speed Circuits in RF.

Modern Wireless System Design: 
from Circuits to Web-based Apps
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Wire-Bondable and Edge-
Terminated Resistors

For years customers 
have asked Compex 
to bring their short 
lead times, outstand-
ing customer service 
and quality focus to 

the thin film resistor industry. As is the Com-
pex way, they listened. Compex now offers a 
full line of wire-bondable and edge-terminat-
ed resistors built to customer’s exact speci-
fications. Available alternatives include sin-
gle, dual, center-tap, array and custom con-
figurations in Alumina, AlN, BeO, Silicon and 
Quartz. The company is happy to provide 
samples to ensure you have the right parts 
for your needs.
Compex 
www.compexcorp.com

Waveguide Switches
Dow-Key® Microwave, 
a manufacturing lead-
er with over 40 years 
of spaceflight heri-
tage, now supplies 
Next Generation 

Waveguide products with an emphasis on 
more compact, lightweight and cost effective 
designs. With superior RF performance and 
power handling capability, now, nearly all of 
the company’s waveguide switches can be 
supplied in either “C” or “R” configuration 
for use in complex switching systems, mak-
ing Dow-Key® Microwave an ideal partner for 
space programs.
Dow-Key Microwave 
www.dowkey.com

60 to 90 GHz Block Down-
Converter

Model SNG-12-01 is a 
full E‑Band block 
down‑converter that 
extends testing capa-
bilities for low cost, 
low frequency noise 
figure meters; allows 
noise figure testing of 
E‑Band devices with-
out noise figure meter, 

using the Y‑factor method. It’s versatile in 
low cost designs; Model SNG-12-01 is an af-
fordable expansion to mmWave laboratories 
that do not have the budget for large scale 
equipment. Featuring low spurious/harmon-
ics, low LO frequency and power require-
ment and is compact and lightweight.
Ducommun 
www.ducommun.com
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COMPONENTS

Waveguide Straights
Fairview Microwave, a 
supplier of on-demand 
microwave and RF 
components, has 
launched a new line 
of straight waveguide 
sections that operate 
in the frequency range 

of 5.85 to 110 GHz and in 13 waveguide 
bands from C- to W-Band. Typical applica-
tions include test benches, instrumentation, 
MILCOM, SATCOM, telecom, radar and high-
efficiency RF/microwave transmission net-
works. Fairview’s new line of straight wave-
guide sections consists of 61 models that 
are available in sizes ranging from WR-10 to 
WR-137.
Fairview Microwave Inc. 
www.fairviewmicrowave.com

6 to 18 GHz Multi-Octave 3-Way 
Power Divider 

MECA’s newest 3-way 
Wilkinson power divid-
er has been optimized 
for excellent perfor-
mance covering 6 to 
18 GHz (P3S-12.000) 
with specifications 
such as isolation of 
20 dB min/25 dB typ-
ical, VSWR 1.4:1 max, 

0.7 dB max insertion loss and amplitude 
balance of 0.4 dB max, all in a compact 
package of 1 in × 1.5 in × 0.4 in. Made in 
the U.S. with 36 month warranty.
MECA Electronics Inc. 
www.e-MECA.com

Lowpass RF Filters
Microwave Filter Com-
pany Inc. provides me-
dium power lowpass 
RF filters from 50 to 
500 MHz. These high 

quality filters are designed for use in any 
medium power application (100 W or less) 
that requires harmonic band rejection of up 
to 6x the fundamental (cut-off) frequency 
(Fc). The filters provide less than 0.5 dB 
passband insertion loss with more than 16 
dB passband return loss. Housed in com-
pact aluminum housings (2.75 in × 1.25 in 
× 1.04 in) with N-female connectors.
Microwave Filter Company Inc. 
www.microwavefilter.com

20 dB DC Pass High-Power  
Bi-Directional Coupler 

Mini-Circuits’ ZGBDC20-33H+ broadband 
high-power bi-directional coupler offers ex-
cellent performance across a wide range 

of popular frequency 
bands. Built using low 
loss suspended sub-
strate construction, 
the ZGBDC20-33H+ 
can pass up to 3 A of 

DC current from input to output and handle 
up to 50 W CW. Rugged sealed construction 
makes this coupler ideal for use in field ap-
plications or remote monitoring sites; how-
ever, it is also ideal for high-power lab test-
ing.

Coaxial Power Splitter/Combiner
Mini-Circuits’ ZC10PD-26W+ is a 10-way 0° 
splitter/combiner providing 10 W RF power 

handling as a splitter 
across the 2250 to 
2800 MHz range, cov-
ering a variety of ap-
plications including 

cellular, ISM and more. It provides a high 
port-count with low insertion loss, high isola-
tion and low amplitude unbalance, making 
this model ideal for systems requiring distri-
bution of signal into many channels. The 
splitter/combiner comes housed in a rugged 
aluminum alloy case (6.13 in × 3.00 in × 
0.53 in) with SMA connectors.
Mini-Circuits Inc. 
www.minicircuits.com

Transformer 

MiniRF’s RFXF9504 transformer is designed 
for applications that require small, low cost 

and highly reliable 
surface mount compo-
nents. Applications 
may be found in 
broadband, wireless 
and other communica-
tions systems. Fre-
quency range: 5 to 
3000 MHz, low cost 

and RoHS compliant, industry standard SMT 
package, impedance ratio: 1:1, 50 Ω charac-
teristic impedance, for broadband and wire-
less applications.
MiniRF 
www.minirf.com
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568 RevOrig

Mini-Circuits®

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

700  to 6000 MHzNow!

100W * POWER AMPLIFIERS
700  to 6000 MHz700  to 6000 MHzNow!

100W POWER AMPLIFIERSPOWER AMPLIFIERS

$8,995 ea.

$18,995 ea.

FEATURES
• High Gain, up to 58 dB
• Excellent Flatness, ±2.0 dB or better
• High Reverse Isolation, 89 dB or better
• Operates on AC Line Power: 85-264V 
• Internal Cooling
• Built-In Over-Temperature Protection
• Immunity to Open and Short Loads
•  Life Test Qualified for 10,000 hrs at 100W Output**

Mini-Circuits’ rugged, rack mount HPAs are perfect for your 
high power test applications such as EMI, reliability testing, 
and stress testing. Combined with our high-power, wideband 
splitters, they can be used to drive up to 80 test channels at 
once, saving you test time and cost in high-throughput test 
applications like burn-in, where parallel processing of many 
DUTs is a requirement. Now with two models spanning 
700 to 6000 MHz with continuous 100W power across the 
band, you have a high-power workhorse for even more 
applications at a fraction of the cost of competitive products!  
They’re available off the shelf, so place your order on 
minicircuits.com today for delivery as soon as tomorrow!
* @ Psat
** for HPA-272+;  HPA-100W-63+ under test

568 RevOrig-HPAs.indd   1 8/14/17   2:04 PM
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Catch up  
on the latest 

news 
covering 

SI, PI, EMC/EMI

Signal Integrity Journal

www.signalintegrityjournal.com

From the  
Publishers of 

Microwave Journal

A technical resource for working engineers

A unique marketing resource for the industry

MEDIA KIT 2017

signalintegrityjournal.com

CABLES & CONNECTORS
Military Grade Fiber Cables and 
Connectors

MilesTek, a leading 
manufacturer and 
supplier of products 
designed to address 
military and avionics 
applications, an-
nounced that they 

have launched a new line of military grade � -
ber cables and connectors designed to ad-
dress high speed � ber connectivity in harsh 
military and industrial environments. 
MilesTek’s military grade � ber cable series 
consists of IP67-rated assemblies in both 
multimode and single-mode variants and LC, 
SC and ST assemblies built with impact and 
crush resistant cable in OM1, OM2 and 
OM3 styles.
MilesTek
www.milestek.com

Handheld RF Analyzer Phase-Stable 
Cable Assemblies

Pasternack has 
launched a new se-
ries of handheld, RF 
analyzer, rugged, 
phase-stable cable 
assemblies. Typical 
applications include 
� eld testing, tower 

measurements, base station analyzers, 
handheld network analyzers, portable spec-
trum analyzers, distance-to-fault measure-
ments and site maintenance. Pasternack’s 
new line of test cables for handheld RF ana-
lyzers consists of 19 models designed to 
deliver optimal amplitude and phase stabili-
ty with � exure. They boast VSWR as low as 
1.2:1 and maximum operating frequency of 
27 GHz, depending on the con� guration.
Pasternack
www.pasternack.com

more information on this new line or to dis-
cuss your application speci� c requirement, 
please contact Response Microwave Inc. at 
(978)-772-3767.
Response Microwave Inc.
www.responsemicrowave.com

Multiplexers
RLC Electronics’ mul-
tiplexers are available 
in two, three or four 
channel versions. Ad-
jacent passbands 
may be designed for a 

contiguous or non-contiguous response. For 
passband frequencies below 2 GHz, lumped 
element designs will often achieve the de-
sired response in the smallest package. At 
higher frequencies (up to 40 GHz), distribut-
ed coaxial structures are employed to real-
ize the lowest possible loss. RLC Electronics 
can supply multiplexers for most applica-
tions, including commercial, telecommunica-
tions and military speci� cations.
RLC Electronics
www.rlcelectronics.com

Compact Faraday Isolator Line for 
V- through D-Band

For subassemblies 
and instrumentation 
applications, SAGE 
Millimeter has re-
leased a new line of 
compact Faraday iso-
lators to cover 50 to 

170 GHz. For E-Band, model STF-12-S1-C is 
a full band Faraday isolator that operates 
from 60 to 90 GHz. The Faraday isolator is 
constructed with a longitudinal, magnetized 
ferrite rod that causes a Faraday rotation of 
the incoming RF signal. The compact, robust 
package is ideal for system integration and 
testing applications.
SAGE Millimeter
www.sagemillimeter.com

K-, Ka-Band Cavity Filters
NIC introduces Cavity 
Bandpass � lters 
spanning from K- to 
Ka-Band. Bandwidths 

vary from 1 to 50 percent. These � lters provide 
low insertion loss and sharp rejection in a 
small pro� le package, making it perfect for use 
in airborne, ship-mount or vehicle mount appli-
cations in harsh military environments. Custom 
designs are available from 18 to 30 GHz.
Networks International Corp.
www.nickc.com

RF Limiter

PMI Model No. LM-10M2D5G-100CW-1KWP-
SFF is a RF limiter that operates in the 10 
MHz to 2.5 GHz frequency range. This limit-
er can handle 100 W CW and 1 KW peak 

(1 percent duty cycle, 
1 µs maximum pulse 
width) input power 
and provides a maxi-
mum leakage of +13 
dBm CW input. This 

module has a low insertion loss of 0.5 dB 
and a recovery time of 2 µs typical. Package 
size is 1.86 in × 0.65 in × 0.38 in with SMA 
female connectors.
Planar Monolithics Industries Inc.
www.pmi-rf.com

High-Power Quad Hybrid for Radio 
Applications 

Response Microwave 
Inc. is pleased to an-
nounce the availability 
of a new high-power 3 
dB 90° hybrid for use 
in radio applications. 

Operational from 100 to 450 MHz, the unit 
offers 0.7 dB insertion loss, 1.3:1 VSWR 
and 18 dB minimum isolation with N female 
connectors. Power handling is 100 W CW 
over the -40°C to +105°C range. Custom 
con� gurations are available on request. For 
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October Short Course Webinars

Past Webinars On Demand

Innovations in EDA ........................................... 10/12
Designing for UHF Broadcast Applications: The 
Need for Asymmetric Doherty Power Amplifiers
Sponsored by: Keysight Technologies 

Technical Education Training ............................ 10/24
Sponsored by: Rogers

Register to attend at 
mwjournal.com/webinars

LEARNING
CENTER Presented by:

Chasing the Challenges of 802.11ax Test Silicon Technologies for 5G/Millimeter 
Wave Phased Array Systems

Sponsored by: 

Presented by: Alejandro Buritica, Senior Wireless  
Solutions Marketer, National Instruments

microwavejournal.com/events/1671

Sponsored by: 

Presented by:  Dr. Anirban Bandyopadhyay, Director,  
GlobalFoundries Strategic Applications 

www.microwavejournal.com/events/1672

Technical Education Training ...........................  10/25
Sponsored by: National Instruments

Technical Education Training ...........................  10/25
Sponsored by: Keysight Technologies

Mixers and Frequency Conversion Gyrotron Simulation

Sponsored by: 

Presented by: Allen Podell, IEEE Life Fellow

microwavejournal.com/events/1684

Sponsored by: 

Presented by: Dr. Monika Balk, Senior Application  
Engineer for High Frequency Applications, Computer  
Simulation Technology

microwavejournal.com/events/1690
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Catch up on the latest   
industry news with the 
bi-weekly video update  

Frequency Matters 
 from  

Microwave Journal

www.mwjournal.com/freqmatters

Antenna-Less Wireless:  
A Marriage Between Antennas 

and Microwave Engineering

How T&M Manufacturers 
Can Prepare For and Benefit 

From 5G

Measurement-Based  
Optimization of Aperture  

Tunable Antennas

Noise Analysis, 
Then and Today

Sponsored By

NewProducts

communication applications. Kratos SSPA’s 
have excellent power efficiency with demon-
strated field proven performance and reliabili-
ty. Kratos’ vertical integration process affords 
flexible layouts and architectures to meet in-
dividual specifications for electrical, mechani-
cal and environmental parameters.
Kratos General Microwave 
www.kratosmed.com

Gain Control Detector Amplifier 
Multi-Function Modules

Originally designed for 
radar and microwave 
test instrumentation, 
these Gain Control 
Detector Amplifier 

Multi-Function Modules (MFM) provide the 
gain control, amplification and detection for 
an integrated automatic level control (ALC) 
function, all within a single package. The 
functions of voltage controlled gain, amplifi-
cation and detection can be specified in any 
order as may be desired by the system de-
signer in order to minimize noise figure or 
maximize overall dynamic range. The amplifi-
cation inserted either ahead of or after the 
voltage controlled attenuation.
Microwave Solutions Inc. 
www.microwavesolutions.com

susceptibility testing, industrial and university 
research and development and service appli-
cations.
AR RF/Microwave Instrumentation 
www.arworld.us/html/18200.asp?id=1313

Amplifier-Sub-System
Ciao Wireless Inc. has 
introduced a 1:12 dis-
tribution amplifier–sub-
system which features 
integrated internal 

cooling fans, AC power VAC, on/off switch (with 
fuse) and normal operation/fault status indica-
tors. Designs are available for alternate fre-
quency ranges between 10 MHz and 27 GHz 
with additional “N-Way” distribution configura-
tions offered (1:8, 1:16, 1:24, 1:32 and more). 
Alternate rack style packages are available. 
Multiple gain, variable gain, internal switching 
and different output levels are also available.
Ciao Wireless Inc. 
www.ciaowireless.com

SGA/SGN Series SSPAs
Kratos General Micro-
wave’s SGA/SGN Se-
ries SSPA’s offer 
GaAs/GaN technology 
reliability that can be 

customized to meet specific pulse or CW out-
put powers. The product line supports both X-
Band and Ku-Band applications with band-
widths up to 10 percent and offers peak pow-
er outputs up to 400 W. Designed for de-
manding defense, aerospace and satellite 

Single and Multiport PCB Connectors
SV Microwave’s com-
plete line of single and 
multiport PCB connec-
tors meet the industry 
need for high perform-
ing, easy-to-use thread-

ed and blindmate/push-on compact designs. 
SV offers edge launch, board mount and 
through hole variations in 2.92 mm, 2.4 mm, 
SMA, SMP, SMPM and SMPS series. Pre-tinned 
options available.
SV Microwave 
www.svmicrowave.com

AMPLIFIERS
Pulsed Amplifier 

New 20000SP1G2 pulsed am-
plifier provides up to 20,000 W, 
AR’s 20000SP1G2 broadband 
solid state microwave pulsed 
amplifier provides 20,000 W 
of output power from 1 to 2 
GHz and recently won 2017 
EMC Product of the Year. It is 

designed for short pulse applications at low 
duty factors where instantaneous bandwidth 
and high gain are required. The amplifier can 
be used for a variety of applications in test 
and measurement, including EMC RF pulse 
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IMS Offers: 
• An opportunity to connect with the world’s top

microwave/RF experts in wireless, aerospace, and 
biomedicine

• The world’s largest exhibit of microwave/RF components, 
test & measurement systems, software, and semiconductor 
devices where you can showcase your latest products

• Hundreds of technical sessions, interactive forums, rump 
and panel sessions, workshops, short courses, application 
seminars, and other technical activities to learn about the 
latest research and practices in the fi eld

• Networking events where you can engage with colleagues, 
customers, and vendors face to face

• Thought provoking plenary, focus, and closing sessions 
speakers that map out new opportunities in the fi eld

IMS2018 Highlights:

• Microwave/RF solutions applied to medical instruments are 
featured in presentations and exhibits

• 5G Summit, Executive Forum, and Pavilion showcasing the 
next generation of wireless communication technologies for 
full mobility

• New to IMS, co-location of the 2018 IEEE MTT-S International 
Microwave Biomedical Conference (IMBioC 2018)

• Competitions for best Industry Paper, Advanced Practices 
Paper, Student Paper, and Student Design categories

• RF Bootcamp intended to expose students, engineers, and 
managers to microwave engineering practices

• Exhibitor workshops and application seminars featuring 
presentations by the preeminent technologists explaining 
the technology behind their products

SUBMIT YOUR PAPER TODAY!
SECURE YOUR BOOTH SPACE NOW!

FOR MORE INFORMATION, VISIT WWW.IMS2018.ORG

PENNSYLVANIA CONVENTION CENTER • PHILADELPHIA, PENNSYLVANIA, USA
Exhibition Dates: 12–14 June 2018 • Symposium Dates: 10–15 June 2018

#IMS2018

Connecting Minds. Exchanging Ideas.

The 2018 IEEE MTT-S
International Microwave Symposium

“Microwaves, Medicine, Mobility”
Don’t miss IMS2018 in Philadelphia!

Follow us on: 
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Uncover 802.11 WLAN Insights

Fundamentals of Building a Test System:  
Modeling the Total Cost of Ownership of an 

Automated Test System

Maximize the Impact of Tech Refresh

Occupied Bandwidth and Channel Power 
Measurements with a Real-Time 

Spectrum Analyzer

Combining Near-Field Measurement and 
Simulation for EMC Radiation Analysis

1200 V, 75 mΩ SiC MOSFET
Richardson RFPD Inc. announced the availabil-
ity and full design support capabilities for a 
new silicon carbide power MOSFET from Wolf-
speed, a Cree Company. The 1200 V, 75 mΩ 
C3M0075120J features Wolfspeed’s C3M™ 
SiC MOSFET technology and is available in a 
compact, seven-lead TO-263-7 surface mount 
package. The Kelvin source Pin 2 in the TO-

263-7 package supports driving the device at higher frequencies 
and enables highly efficient designs.
Richardson RFPD Inc. 
www.richardsonrfpd.com

Bi-Directional Amplifier
The TTRM1076D is a dual bi-directional ampli-
fier designed for high data rate military and 
commercial radios. It is capable of 12 W 
64QAM OFDM output and 32 W peak power 
for lower data rate FM/BPSK applications. 

High speed switching of 1 uS makes it compatible with TDD mesh 
radio systems.
Triad RF Systems 
www.triadrf.com

SOURCES
Frequency Synthesizers

Cobham Microelectronic Solutions has devel-
oped a new series of frequency synthesizers 
designed to meet the stringent phase noise, 
spurious and harmonic specifications de-
manded by today’s airborne applications. Cob-
ham specializes in balancing tradeoffs to opti-
mally achieve challenging requirements. Cob-

ham’s new 1018 Synthesizer measures 2.6 in × 2.6 in × 0.6 in, 
weighs just 0.25 lbs and delivers full frequency coverage from  
< 450 MHz to > 18 GHz in 10 MHz steps with < 250 µs switching 
speed.
Cobham Advanced Electronic Solutions 
www.cobham.com

T1265 and T1266 Series TCXOs
Greenray Industries Inc. has announced the 
availability of the T1265 and T1266 Series 
TCXOs. The new TCXOs (temperature compen-
sated crystal oscillators) are available from 
50 to 125 MHz with squarewave CMOS 

(T1265) or sinewave (T1266) output. With very low phase noise 
down to a floor of -165 dBc/Hz, both units deliver OCXO-like perfor-
mance, but without their input power requirements and warm-up 
characteristics. In addition, they offer temperature stability down to 
±0.5 ppm and external voltage control, with sufficient pull range to 
cover the total stability of the oscillator over the lifetime of the part.
Greenray Industries Inc. 
www.greenrayindustries.com

Comb (Harmonic) Generators
Herotek has designed ultra broadband comb 
generators with output frequency spectrum 
(from 1 to 75 GHz) in a single unit. The comb 
generators are used for frequency multipliers, 
frequency synthesizers and built-in test 
source. Ideal frequency multiplication base el-

ement for generation of mmWave frequencies. Typical output power 
per picket -15 dBm up to 20 GHz and to -55 dBm at 60 to 75 GHz. 
Output frequency starts from the second harmonic of the input fre-
quency and up.
Herotek 
www.herotek.com
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Prof. Ender Ayanoglu University of California, USA

Prof. Avram Bar Cohen Raytheon, USA

Israel Lupa Elta Systems, Israel

Prof. Col. Barry L. Shoop IEEE President 2016, 
West Point, USA

Prof. Shlomo Shamai Technion, Israel

Dr. Eric A. M. Klumperink University of Twente, 
the Netherlands

*The official language of the conference is English

www.comcas.org

120 Oral Presentations

 60  Poster Presentations

 98  Sponsors & Exhibitors   

4 Panelists at the Women in Engineering (WIE) Session

1 Special Session of Young Professionals in Space

1 WirelessApps Session

40  Sessions

20 Keynote & Invited Speakers

 8  Special Sessions & Tutorials

   Conference Secretariat: 
   ORTRA LTD.  Tel: +972 - 3 - 6384444   Fax: +972 - 3 - 6384455  E-mail: comcas@ieee.org

We invite you to visit IEEE COMCAS 2017 website, 
explore the technical program and 

Register Today

Among the conference honorable speakers:

מהנדסים את העתיד

לשכת המהנדסים 
האדריכלים והאקדמאים 
במקצועות הטכנולוגיים 

בישראל

 ASSOCIATION OF ENGINEERS,
 ARCHITECTS AND GRADUATES
 IN TECHNOLOGICAL SCIENCES
 IN ISRAEL

Conference Chair: Shmuel Auster
    

Technical Program Chair and Co-chairs:

Amir Boag

Stephen B. Weinstein 

Caleb Fulton

Oren Eliezer

Aleks Dyskin

Ofer Barnea, 

Antti Lautanen

Hagit Messer

IEEE COMCAS 2017 at a Glance
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TRANSIENT IMMUNITY
TESTERS

ELECTROSYSTEMS

SINCE 1975

ELECTROSYSTEMS

SINCE 1975

Avtech Electrosystems Ltd.
http://www.avtechpulse.com/

The Avtech AVRQ series of high-
voltage, high-speed pulse generators is 
ideal for testing the common-mode 
transient immunity (CMTI) of next-
generation optocouplers, isolated gate 
drivers, and other semiconductors.

-1.5 kV pulse from
model AVRQ-5-B,
with < 10 ns fall time.

Unstable optocoupler
DUT logic output!

5 V/div

500 V/div,
40 ns/div

www.masterbond.com
+1.201.343.8983 • main@masterbond.com

Silver filled
Shielding effectiveness:  
90-110 dB

Nickel filled
Shielding effectiveness:  
40-60 dB

Graphite filled
Shielding effectiveness:  
40-50 dB

X5SC
X5N
X5G

Coatings for  
EMI/RFI Shielding
X5 Series Electrically Conductive  

Elastomeric Systems

SOFTWARE
3D Smith Chart Tool

The 3D Smith chart tool is an advanced 
analysis and educational design tool includ-
ing both 2D and 3D Smith charts in both im-
pedance/admittance con� gurations. Based 
on state of the articles written by its devel-
opers, full 3D visualizations, intuitive highly 
con� gurable interface it is ideal for both ac-
tive and passive microwave circuits analy-
sis, simultaneous optimizations of S-param-
eters, group delays and quality factors while 
displaying stability circles analysis and uni-
lateral power gains. It includes a unique ed-
ucational (matching) module on r, x, g, b cirl-
ces both in 2D and 3D.
3D Smith Chart
www.3dsmithchart.com

PACKAGING
Monolithic Circular Cutting Tools

Controx introduced 
monolithic circular 
cutting tools in solid 
carbide and high 
speed steel for the 
depaneling process of 
printed circuit boards 
(PCB) in a four page, 
full-color brochure. 
This informative litera-
ture details special 

saw blade designs which are ideal for cut-
ting PCBs produced in “panel” or “multi-
block” designs, which group multiple small-
er PCBs together for maximum production. 
Controx designs for straight line depanelling 
of glass� ber and ceramic based PCBs like 
FR2, FR4, CEM1, CEM3 as well as alumi-
num and copper circuit boards.
Controx
www.controx.com

TEST & MEASUREMENT
Dynamic Range Power Sensor

LadyBug’s thermally 
stable LB5908A True-
RMS, a 1 MHz to 8 
GHz, wide dynamic 
range power sensor 
delivers fast accurate 
measurements on 
any signal with any 

modulation, including wideband digital sig-
nals. Its unique two path design delivers 
better dynamic range than many three path 
sensors. SCPI commands and use either 
USBTMC, USBHID or connect directly with 

MICRO-ADS
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500 to 1200 MHz Excellent Phase 
Noise VCO

The DCMO50120-5 is 
an octave band VCO 
operating from 500 to 
1200 MHz over a tun-
ing range of 24 V. 
This device provides 
excellent temperature 
stability with a buff-

ered output in a planar resonator construc-
tion. Output power is +7 dBm minimum, tun-
ing sensitivity is 25 to 50 MHz/V typical, 
harmonic suppression is 15 dB typical and 
the typical phase noise performance is -102 
dBc/Hz at 10 kHz and -121 dBc/Hz at 100 
kHz offsets.
Synergy Microwave Corp.
www.synergymwave.com

LTE Cat M1 Cellular Module
TOP-electronics USA 
announces sales sup-
port for Quectel’s 
BG96, an LTE Cat.
M1/Cat.NB1/EGPRS 
module with a maxi-

mum data rate of 375 kbps downlink/up-
link, pin-to-pin compatible with Quectel LTE 
modules EG91/EG95, Cat.NB1 (NB-IoT) 
module BC95, UMTS/HSPA modules UG95/
UG96 and GSM/GPRS module M95. With a 
cost-effective SMT form factor of 22.5 mm 
× 26.5 mm × 2.3 mm, integrators and de-
velopers can easily design their applications 
and take advantage of the module’s ultra-
low power consumption. Its advanced LGA 
package allows fully automated manufactur-
ing for high volume applications.
TOP-electronics
www.TOPelectronicsUSA.com
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I2C or SPI. Get the accuracy or a thermal 
sensor with the speed and dynamic range of 
a diode sensor.
LadyBug Technologies
www.ladybug-tech.com

Probe Positioner
withwave Inc.’s 
probe position-
er is designed 
for precise RF 
probing mea-
surement us-
ing T-probe 
which have 
GSG and GS 
contact struc-

ture. The magnetic switch on metal base 
plate can be turned on and off to keep the 
positioner � rmly to its position or moved 
and lifted to a new position easily. Its articu-
lated arm is controlled by on arm knob at 
the middle joint that keep the arm � rm and 
steady.
withwave Inc.
www.with-wave.com

Wireless Test System

The Wireless 
Test System 
(WTS) upsets 
the status quo 
in wireless pro-
duction test. 
The WTS cou-

ples NI’s PXI vector signal transceiver (VST) 
and multicore processing technologies to de-
liver industry-leading test speeds. With faster 
measurements, you can reduce the cost of 
manufacturing test for wireless devices such 
as mobile phones, tablets, and infotainment 
systems. The WTS supports wireless stan-
dards from LTE-A to 802.11ax to Bluetooth LE. 
Its advanced switching topologies are ready 
for multisite and MIMO test.
National Instruments
www.ni.com

R&S FSW-B5000 Option

Rohde & Schwarz introduced the new R&S 
FSW-B5000 option. In combination with the 
R&S RTO2064 digital oscilloscope as an exter-
nal digitizer, the R&S FSW85 signal and spec-
trum analyzer equipped with the new hard-
ware option provides equalized 5 GHz signal 
analysis bandwidth. The amplitude and phase 
response of the R&S FSW85 together with the 
R&S FSW-B5000 are fully characterized at the 
factory across the entire frequency range. The 
amplitude and phase measurement accuracy 
are guaranteed throughout the measurement 
bandwidth.
Rohde & Schwarz
www.rohde-schwarz.com

www.techplusmicrowave.com 

916-672-6356 

HIGHEST QUALITY FILTERSHIGHEST QUALITY FILTERSHIGHEST QUALITY FILTERS   

FOR ANY FOR ANY FOR ANY    

APPLICATION OR ENVIRONMENTAPPLICATION OR ENVIRONMENTAPPLICATION OR ENVIRONMENT   

COMMERCIAL * MILITARY * COMMERCIAL * MILITARY * COMMERCIAL * MILITARY * 
SPACE * PUBLIC SAFETYSPACE * PUBLIC SAFETYSPACE * PUBLIC SAFETY   

Dielectric Testers Measure

www.damaskosinc.com

(610)358-0200  fax(610)558-1019

⚫Std Sizes ⚫ ~100 MHz - 40 GHz 

ε, tan δ - Cavity™ sfwr
Thin Sheets, Substrates, Resins, Foams

⚫Fast ⚫ Easy Sample Prep 

Anisotropy (X,Y & Z-axes)
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  RF Amplifiers, Isolators and 
  Circulators from 20MHz to 40GHz 

Wenteq Microwave Corporation 
138 W Pomona Ave, Monrovia, CA 91016 

Phone: (626) 305-6666, Fax: (626) 602-3101 
Email:  sales@wenteq.com, Website: www.wenteq.com

  

 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 
  

High Performance Broadband
Antennas & Accessories

Commercial  ▪  Military  ▪  Law Enforcement
Homeland Security  ▪  Broadcast Video

UAV / Robotics  ▪  Oil & Gas  ▪  M2M / IoT

754 Fortune Crescent, Kingston, ON, K7P 2T3, Canada
Tel: 613 384 3939  - e-mail: info@astswitch.com

AST’S OUTDOOR SWITCHES
For all outdoor & severe weather applications
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A R T E C H  H O U S E 685 Canton Street, Norwood, MA  02062  USA 
16 Sussex Street, London SW1V 4RW UKB O S T O N  I  L O N D O N

For complete descriptions and to order, visit 

ArtechHouse.com 
All orders plus shipping/handling and applicable taxes. 

OPTIMIZE YOUR LOAD MODULATION PA DESIGN…

High-Efficiency Load Modulation Power Amplifiers  
for Wireless Communications 
Zhancang Wang, Ericsson

 
•  Presents a complete and systematic overview of the practical design   
   considerations of RF high efficiency load modulation power amplifiers;  
•  Covers design approaches for passive and active load modulation operation; 
•  Explains hybrid approaches with dynamic supply modulation and  
   digital signal processing algorithms required for efficiency enhancement;
•  Covers passive load impedance tuner design, dynamic load modulation PA,  
   active load modulation PA, Doherty PA and Chireix PA design for     
   efficiency enhancement.
 
Hardcover • 396 pp. • 2017 • ISBN: 978-1-60807-987-2 • $179 / £145

US: Call 1-800-225-9977 (in the U.S. or Canada), 
              or 1-781-769-9750, ext. 4030 
       Fax 1-781-769-6334 
       E-mail artech@ArtechHouse.com

UK: Call +44 (0)20 7596-8750 
       Fax +44 (0)20 7630-0166 
       E-mail artech-uk@ArtechHouse.com

BookEnd

A synthetic aperture radar (SAR) 
with a wavelength around a 
meter has several important 

uses: detecting targets hidden by trees, 
� nding underground objects, mapping 
the ground topography below a forest 
and penetrating buildings. Writing this 
book, Hans Hellsten’s goal was to pres-
ent the physics and technology that en-
able such applications, explaining the 
challenges and how they are solved, 
beginning with perhaps the fundamen-
tal hurdle: achieving microwave resolu-
tion at much lower frequencies.

After an interesting story about the 
motivation and background that led 
to the book, Hellsten delves into the 
technical discussion, � rst addressing 
the scattering characteristics of meter-
wavelength electromagnetic energy, 

industrial SAR prototype at Ericsson Mi-
crowave Systems, now Saab.

Perhaps re� ecting his PhD in theoret-
ical physics, Hellsten thoroughly covers 
the theory and mathematics underlying 
the topic. The book is equally practical, 
however, with many images from meter-
wavelength SAR systems, allowing the 
reader to visualize the output and capa-
bilities of such systems.

then devoting a chapter to the imag-
ing principles of SAR and moving to 
design considerations for a radar us-
ing these principles, including addi-
tive noise, antenna systems and wave-
forms. Continuing through the block 
diagram, the � nal chapters address 
SAR signal processing and multidata 
target detection.

Hellsten is a principal engineer and 
product manager at defense � rm Saab, 
and he teaches radar at Halmstad Uni-
versity in Sweden. His experience with 
meter-range radar began while he was 
with the Swedish Defense Research 
Agency, contributing to research that 
led to the development of the � rst air-
borne SAR radar that operated between 
20 and 90 MHz. He left the government 
agency to lead the development of an 

Meter-Wave Synthetic Aperture Radar For 
Concealed Object Detection

Hans Hellsten

To order the book:
Published by Artech House

www.artechhouse.com
ISBN: 978-1-63081-025-2

363 pages
$179

Available in Print or eBook Format
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Why do 10,000 customers trust Mini-Circuits 
test cables? Because they simply don’t fail!  Our 
test cables have been performance qualified 
to 20,000 flexures* and come backed by our 
6-month product guarantee**, so you can be 
confident you’re getting rugged construction, 
reliability, and repeatable performance you can 
depend on. Whether you’re performing production 

test, burn-in, over-temperature testing, hi-rel testing 
– you name it – chances are there’s a Mini-Circuits 
test cable for your application in stock, ready for 
immediate shipment. Order some for your test 
setup at minicircuits.com today, and you’ll quickly 
find that consistent long-term performance, less 
retesting and fewer false rejects really add up to 
bottom-line savings, test after test!
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www.minicircuits.com    P.O. Box 350166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com

40 GHz
(KBL-Series)

Precision 75Ω
(CBL-Series)

Precision 50Ω
(CBL-Series)

Armored 
(APC-Series)

Ultra-Flexible
(ULC-Series)
Flexible
(FLC-Series)

Precision VNA
Cables
(VNAC-Series)
 

Reliability You Can Trust…
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 Model Family Capabilities Freq. (GHz)        Connectors†    
           
 KBL  Precision measurement, including phase, through 40 GHz DC-40 2.92mm  

 CBL- 75+ Precision 75Ω measurement for CATV and DOCSIS® 3.1 DC-18 N, F
 CBL  All-purpose workhorse cables for highly-reliable, precision   
    50Ω measurement through 18 GHz DC-18 SMA, N

 APC  Crush resistant armored cable construction for production  
    floors where heavy machinery is used DC-18 N

 ULC  Ultra-flexible construction, highly popular for lab and production       
    test where tight bends are needed DC-18 SMA, N
 FLC  Flexible construction and wideband coverage for point to 
    point radios, SatCom Systems through K-Band, and more! DC-26 SMA, N
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    radius, ideal for enviromental test chambers.  DC-18 SMA  
 VNAC Precision VNA cables for test and measurement equipment through 40 GHz DC-40 2.92mm     
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Weinschel Associates – A Forward Leaning Approach to Legacy

W
einschel Associates (WA), a leading manu-
facturer of high-power, broadband, microwave 
components is building on the legacy of 

founder Bruno Weinschel. One sign of this is adding capac-
ity, re� ected in WA’s expansion into a brand new facility 
in Mount Airy, Md. Conveniently located o�  I70, the new 
facility has more than 10,000 square feet of customized 
manufacturing space, allowing WA to consolidate, vertically 
integrate and maintain control of core technologies, while 
developing new technologies and processes.

WA traces its core technologies back to its founder. 
Dr. Weinschel started fabricating coaxial a� enuators 
in the mid-1940s while working at Industrial Instru-
ments in New Jersey. He began to develop what would 
eventually become Weinschel Engineering while em-
ployed at the National Bureau of Standards, now the 
National Institute of Standards and Technology (NIST). 
Following stints as president of the IEEE and chairman 
of the Commi� ee on U.S. Competitiveness, Weinschel 
established WA in 1989.

The mission of the company allowed Weinschel to 
pursue high quality design and manufacturing through 
an expanded line of passive microwave devices and 
precision instrumentation. Key to the success of 
Weinschel’s pioneering e� orts in RF/microwave compo-
nents was his ability to surround himself with talented 
engineers and scientists and a drive to be the best in 
the industry. He was a hands-on leader who, along with 
his sta� , developed the essential techniques and pro-
cesses that remain the core technologies of WA.

Weinschel led the company into his 80s, until failing 
health forced him to step down in 2002, when the 
company’s leadership was handed from one engineer 
to another and Frank Wodoslawsky assumed the roles 
of CEO and president. Leveraging more than 25 years 

experience in the military and industry, Wodoslawsky 
reorganized and revitalized the business, establishing 
skilled engineering and manufacturing teams comprised 
of longtime Weinschel employees and new recruits from 
industry. Their focus is maintaining Weinschel’s ap-
proach to innovation: combining modern manufacturing 
processes and techniques with the technologies at the 
bedrock of the company.

These e� orts have dramatically increased the manu-
facturing throughput while maintaining high standards 
of product quality. Standard product lines (a� enuators, 
terminations and power spli� ers/dividers) have expand-
ed, with new product lines (DC blocks, adapters, digital 
a� enuators) added. In 2009, WA became a quali� ed 
supplier of space level products, taking its longstanding 
high-reliability manufacturing capability to a new level.

This continued organic growth drove the move to a 
larger, more � exible facility. Among the strengthened 
capabilities: expansion of resistor fabrication to include 
a four target, computer-controlled spu� ering system, 
supplementing the vapor-phase deposition techniques 
pioneered by Weinschel. The in-house CNC machining and 
Swiss turning capabilities have also been expanded to 
enable quick-turn prototyping and internally-controlled 
manufacturing. WA capabilities include laser engraving 
for customized, high quality product marking.

These capabilities and the expanded capacity will 
enable WA to further grow its presence in the pas-
sive microwave and mmWave component market. Yet, 
despite the growth, the company still re� ects the vision 
of Dr. Bruno Weinschel: hands-on, process-driven leader-
ship focused on designing and producing state-of-the 
art components, now for a technology obsessed society 
ever more dependent on wireless systems.
www.weinschelassociates.com
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Convince yourself and find out more: www.rohde-schwarz.com/ad/analyzers

3-in-1 allrounder 
The ¸ZNL network analyzer is a 3-in-1 instrument: 
a network analyzer, a spectrum analyzer and a 
power meter. It offers solid RF performance and 
fast measurements in one compact box.

Compact. Portable. 
Powerful.
Experience our 
new analyzers:

For lab and field 
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good RF performance with a small footprint. 
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Up to 1000:1 Bandwidth  •  Low Insertion Loss  •  Covering DC-6.5 GHz!
Test & Measurement Directional Couplers

17 Jon Barrett Road
Patterson, NY 12563
T  845 278 2220
F  845 278 3440
sales@werlatone.com
www.werlatone.com

Werlatone, Inc.

We Are High Power

Directional Couplers
VSWRPowerModel Coupling Insertion SizeType Frequency Flatness

(Inches)

6.7 x 2.27 x 1.69

5.2 x 2.67 x 1.69

6 x 2.2 x 2.2

3.5 x 2.6 x 0.7

6 x 1.5 x 1.1

3 x 3 x 1.09

9.58 x 1.48 x 0.88

3 x 2.2 x 0.7

6.4 x 1.6 x 0.72

4.8 x 0.88 x 0.5

6 x 2 x 0.85

1.8 x 1 x 0.56

6 x 2 x 0.85

2 x 2 x 1.06

2.15 x 2 x 1.36

2.15 x 2 x 1.36

2.15 x 2 x 1.36

2.15 x 2 x 1.36

3 x 3 x 1.59

2 x 2 x 1.06

2.15 x 2 x 1.36

2 x 2 x 1.06

2 x 2 x 1.06

2.15 x 2 x 1.36

1.1 x 0.75 x 0.48

2.15 x 2 x 1.36

2.15 x 2 x 1.36

2.15 x 2 x 1.36

C6021

C5725

C9688

C7734

C8188

C3910

C8373

C7711

C7058

C8060

C7248

C8000

C8214

C10462

C10525

C10537

C10536

C10751

C10006

C10117

C10364

C10762

C10958

C10761

C8644

C10743

C10746

C10748

Loss (dB)

0.45

0.5

0.5

0.35

2.4

0.2

0.8

0.35

0.3

1.1

0.35

0.4

0.35

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.4

0.2

0.2

0.2

(dB)

40

40

40

43

20

40

20

40

10

20

6

30

6

40

50

60

50

60

50

40

50

40

40

40

20

40

50

60

(ML)

1.30:1

1.25:1

1.20:1

1.25:1

1.35:1

1.20:1

1.25:1

1.25:1

1.25:1

1.40:1

1.25:1

1.25:1

1.25:1

1.30:1

1.35:1

1.35:1

1.35:1

1.35:1

1.35:1

1.30:1

1.35:1

1.30:1

1.35:1

1.35:1

1.25:1

1.30:1

1.35:1

1.35:1

(W CW)

500

500

800

100

20

200

200

100

200

200

100

100

100

250

700

700

1000

1000

2000

250

500

300

400

600

60

500

500

500

Dual

Dual

Dual

Dual

Uni

Dual

Bi

Dual

Bi

Bi

Bi

Bi

Bi

Dual

Dual

Dual

Dual

Dual

Dual

Dual

Dual

Dual

Dual

Dual

Bi

Dual

Dual

Dual

(MHz)

0.01-1000

0.1-1000

1-1000

30-2500

30-3000

80-1000

100-2500

100-3000

200-2000

200-6000

300-3000

600-6000

700-2500

700-4200

700-4200

700-4200

700-4200

700-4200

700-4200

700-6000

700-6000

1000-6000

1000-6000

1000-6000

1800-6100

2000-6000

2000-6500

2000-6500

(± dB)

0.5

0.5

1.0

1.5

1.0

0.3

1.75

1.0

1.0

2.25

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

0.5

0.5

0.5

1.0

0.5

1.0

1.0
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