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Others claim to have fast average measurements, but only 
the 55 Series measures continuous and burst average 
power faster than anyone in the industry. It adds wide-
band peak and crest factor measurements, allowing you 
to see all aspects of your device’s performance. This USB 
Sensor delivers results 100 times faster than conventional 
meters and with its Real-Time Power Processing™ 
technology captures all glitches with 100ps resolution. 

•	 195	MHz	Video	Bandwidth
•		 3	ns	risetime
•	 100,000	measurements/sec
•	 100	MHz	Sample	Rate
•	 Multi-channel	synchronized	measurements

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

The 55 Series USB Peak Power Sensor
Real-Time Power Measurements for Complex  
Communications Signals

Don’t Settle for Average.

Demand Peak Performance.

Boonton
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POWER
SPLITTERS

COMBINERS
The Industry’s Largest Selection includes THOUSANDS  

of models, from 2 kHz to 18 GHz, at up to 300 watts power, in coaxial, 
flat-pack, surface-mount and rack-mount housings for 50 and 75 Ω systems.

From 2-way through 48-way designs, with 0°, 90°, or 180° 
phase configurations, Mini-Circuits power splitters/combiners  offer 

outstanding performance for insertion loss, isolation, and VSWR. 
Our new MMIC ultra-wideband models cover 1.8 to 12 GHz applications requiring high 

performance in a tiny package across wide frequency range such as SIGNIT and ELINT.
Get easy-to-find, detailed data and performance curves, S-parameters, 

outline drawings, PCB layouts, and everything else you need to make a decision 
quickly, at minicircuits.com. Just enter your requirements, and our patented search 
engine, Yoni 2, searches actual test data to find the models that meet your needs.

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

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

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

o S
C O M P L I A N T

RoHS Compliant 
Product availability is listed on our website. 

Mini-Circuits®

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

New MMIC Models

 as low as 94¢
from2 kHz to18 GHz ea. (qty. 1000 )
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New Wave in Noise

NoiseWave
your supplier of high performance, precise equipment for AWGN
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Friend or foe? In the blazing fast 
world of EW, an operator may 
need to decide in a nanosecond. 
Building a system which meets 
that challenge on time and  
on budget can be a daunting 
task. The 2600 Series COTS 
Synthesizer will get you started.

■  Broad frequency range  
up to 40 GHz

■  1 Hz resolution standard

■  Fully phase coherent

■  250 nS switching  
speed—fully settled,  
true hopping rate

■  Ultra-low phase noise

Built for rough environments, 
the 2600’s architecture is 
developed around stable  
direct analog and direct  
digital frequency synthesis  
with no VCOs or sensitive PLLs.

Zero in on the best COTS 
solution available by calling  
the Cobham Signal & Control 
Solutions team today.

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

Zero in with zero doubt.

The most important thing we build is trust
C
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Cobham Signal & Control Solutions formerly Aeroflex Signal & Control Solutions
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With a wide variety of Vector Network Analyzers (VNAs) to suit your application and 
budget, Anritsu has the perfect solution to your VNA needs. 

From RF and broadband VNAs, to premium VNAs with the highest performance and no 
compromises and value VNAs that offer solid performance with suitable measurement 
speeds for an R&D environment, we have the perfect solution for your application.

Our extensive range of VNAs now includes the NEW 2 or 4-port ShockLine performance 
line and the world’s first 40 GHz USB VNA.

No matter what your application, Anritsu has your VNA needs covered. 
Learn more: www.goanritsu.com/VNA

High performance VNAs for any application

1-800-ANRITSU  
www.anritsu.com
© 2015 Anritsu Company

In the Lab   On the Manufacturing Floor   In the Field

VNA

NEW_VNAad.indd   1 10/13/15   5:49 PMMWJANRITSU1115.indd   13 10/29/15   8:11 AM

http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=13&exitLink=http%3A%2F%2Fwww.goanritsu.com%2FVNA
http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=13&exitLink=http%3A%2F%2Fwww.anritsu.com


Online

free webinars Web Survey

What was the most 
signifi cant development 
in radar technology 
during the past decade?
Look for our multiple choice survey 
online at mwjournal.com

White Papers

@            mwjournal.comVisit us

September Survey
In 10 years, what type of 

network will carry the most 
Internet data to and from 

developing countries?

Breakthroughs in Phased Arrays and Radars: An 
Update
Sponsored by: National Instruments/AWR 11/4

Antenna Simulation with COMSOL
Sponsored by: COMSOL 11/5

Graphene-Enhanced Devices: Simulation-based 
Design from Microwave to Optical Frequencies
Presented by: CST 11/5

Advanced PCB Rule Checking for Signal Integrity and EMC
Presented by: CST 11/12

Passive Components: Dividers, Couplers, Combiners
Sponsored by: Mini-Circuits 11/17

Port Tuning – EM Accuracy and Circuit Theory Speed
Sponsored by: Sonnet Software 11/18

Passive Intermodulation (PIM) in Printed Circuit 
Boards: Mechanisms and Mitigation
Sponsored by: Isola 11/19

Multipactor & Breakdown Analysis of RF Components
Presented by: CST 11/24

14  MICROWAVE JOURNAL   NOVEMBER 2015

Scan page
using           app

Karolina Wikander, head of the Microwave 
product area at Ericsson, shares the company’s 
outlook for the microwave radio market, including 
data rate and frequency band trends.

Alvin Guzon, CEO of Cirtek 
Advanced Technologies 
and Solutions, discusses 
microwave and millimeter 
wave market requirements for 
contract manufacturing and how 
Cirtek ATS is addressing them.

An AESA Revolution Utilizing the Disruptive 
Technology of Highly-Integrated Silicon ICs

Terrestrial backhaul (28%)

High altitude balloons (e.g., Project Loon) (15%)

UAVs or RPAS (e.g., Facebook’s Aquila) (4%)

Low earth orbit satellites (e.g., OneWeb) (33%)

Geostationary satellites (e.g., Inmarsat GEO) (20%)

_11M04 FINAL.indd   14 11/2/15   9:10 AM

http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=14&exitLink=http%3A%2F%2Fmwjournal.com
http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=14&exitLink=http%3A%2F%2Fmwjournal.com
http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=14&exitLink=http%3A%2F%2Fwww.microwavejournal.com%2Fext%2Fresources%2Fwhitepapers%2F2015%2FNovember-2015%2FRELL_WP_Nov15.pdf


Get u
ltra

-br
oad

ban
d p

erf
orm

an
ce from this single component

Ideal for use in Bias Tees, Coilcraft conical inductors offer  
flat bandwidth and high impedance to 40 GHz

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

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

WWW.COILCRAFT.COM

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

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

 

®
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PGA-103+

508 rev C

NF 0.5 dB • IP3 45 dBm • 50 MHz to 4 GHz                   
$199

from ea. (  qty. 20 )

Low noise and high dynamic range at low DC power levels.
Our PGA-103+ amplifier is simply one of the most useful 
low noise/high linearity amplifiers around! With 11 dB gain and 
a 1-dB compression point of 22.5 dBm at 2 GHz, on only 97 
mA DC current ( 5V supply), it’s finding a home in cutting-edge 
applications across all the major wireless bands—as a driver 
amplifier in linearized transmit systems or complex waveform 
upconverter paths, and as a secondary amplifier in ultra high 
dynamic range receivers, to name just a few. 

It even adapts to a wide range of circuits, with a 3-5V power 
supply and no external matching components required! So why 
wait, when improved performance for your next design is in stock 
and available right now? Just go to minicircuits.com for all the 
details, from data sheets, performance curves, and S-parameters to 
material declarations, technical notes, and small-quantity reels—
as few as 20 pieces, with full leaders and trailers. Place an order 
today, and see what the PGA-103+ can do for your application, 
as soon as tomorrow! RoHS complianto S

C O M P L I A N T

Ultra LinearLNAs 

Mini-Circuits®

www.minicircuits.com    P.O. Box 350166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com
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Radar and Phased Array 
Breakthroughs
Eli Brookner

This article updates previous papers discussing significant developments, 
trends and breakthroughs in radar, phased arrays and the underlying 
technologies that enable them.1-8

Radar Systems

The big news relative to system upgrades 
is that Patriot now has GaN active elec-
tronically scanned arrays (AESA) that 

provide 360 degree coverage without mechani-
cal rotation (see Figure 1). The upgrade has a 
main AESA array that is a bolt-on replacement 
antenna, approximately 9 feet wide and 13 feet 
tall, that is oriented toward the primary threat. 

It also has a new, rear, quarter-
size AESA panel that gives 360 
degree coverage. Another devel-
opment is the launch of the first 
Zumwalt DDG-1000 stealth ship 
(see Figure 2), with two more 
under development. It will carry 
the three-face X-Band SPY-3 ra-
dar. The impressive performance 
of the Air and Missile Defense 
Radar (AMDR) has recently 
been released (see Figure 3). 
AMDR has an S-Band radar for 
air and missile defense, a three-
face X-Band radar for horizon 
search and adaptive digital beam 
forming. The system handles 30 

times more targets and has 30 times greater 
sensitivity than the SPY-1D(V). The transmit-
ter uses GaN, which is 34 percent less expen-
sive than GaAs and has 108 hour mean time 
between failures (MTBF). The scalable antenna 
is composed of 2 ft  2 ft  2 ft radar module 
assembly (RMA) building blocks, with four line-
replaceable units (LRU) per RMA. Each LRU 
can be replaced in less than 6 minutes. The 
back-end radar controller is fully programma-
ble and uses commercial off-the-shelf (COTS) 
86 processors, which allows adapting to future 
threats, easy upgrades with future COTS pro-
cessors and no obsolescence. Lockheed Martin 
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s Fig. 1  New Patriot AESA radar at a test 
range (source: Raytheon).

s Fig. 2  Zumwalt-class guided-missile destroyer DDG 
1000, which will carry the SPY-3 three-face X-Band 
AESA radar (source: U.S. Navy).
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to each other via high bandwidth Wi-
Fi. In the future, compact, ultra-low 
cost multiple-input-multiple-output 
(MIMO) millimeter wave multi-beam 
AESAs will be in everyday devices.10 
We also see car radar benefiting from 
these highly integrated MMICs.11,12 
Figure 5 shows the functional block 
diagram of a single-chip 77 GHz 
transceiver, and Figure 6 illustrates 
how the transceiver will be assembled 
with the signal processor and antenna 
on a PCB to minimize cost. Some 
forecast that future car radars will cost 
only a few dollars. A 24 GHz single-
chip car radar developed by Autoliv13 
fits on a 3.5" × 2.25" board, including 
the radar chip and a Texas Instru-
ments signal processor that performs 
Kalman filter tracking.14 Over 2 mil-
lion radar systems have been manu-
factured, with the cost of the board 
less than $100.14 Valeo Raytheon has 
developed a 25 GHz blind-spot, seven 
beam, phased array radar, costing only 
hundreds of dollars as an option from 
the car dealer.1,15,16 Who said phased 
arrays are expensive? Over 2 million 
of these have been produced.16 The 
car radar market is huge: over 70 mil-
lion cars were built in 2014; assuming 
four radars per car, the market poten-
tial is over 280 million per year.

Gordon Moore predicted the appli-
cation of MMICs to radar and phased 
arrays. The last sentence in his now 
famous paper17 states, “The success-
ful realization of such items as phased 
array antennas, for example, using a 

SEMICONDUCTOR 
TECHNOLOGY

MMIC technology has evolved 
from four X-Band T/R modules with 
the control circuitry on a chip,1,2 with 
each T/R costing about $10, to a whole 
array on a chip or wafer at millimeter 
wave frequencies (see Figure 4).9,10 
Intel built a 32-element 60 GHz Tx/
Rx phased array on a chip.9 These 
phased array ICs will have built-in 
test circuits for calibration. The cell 
phone and Wi-Fi markets are driving 
this technology, with bandwidth de-
mand predicted to increase 1,000-fold 
from 2010 to 2020, and the number 
of mobile devices from 5 to 50 bil-
lion.10 In the next decade, these array 
chips are expected to find wide use 
in garage door openers, video play-
ers and computers.10 They will talk 

is under contract to develop the space 
fence radar, and the Joint Land Attack 
Cruise Missile Defense Elevated Net-
ted Sensor (JLENS) blimp system has 
been deployed over Washington for 
its defense.

s Fig. 3  Rendering of the AMDR on the 
DDG 51 destroyer (source: Raytheon). 
AMDR will detect air and surface targets as 
well as ballistic missile threats.

s Fig. 4  16-element 77 to 84 GHz phased 
array with integrated receive and built-in test 
(reprinted with permission of UCSD).
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multiplicity of integrated microwave 
power sources, could completely rev-
olutionize radar.” Table 1 indicates 
the amazing advance made by Moore’s 
Law, showing a 350,000 improvement 
in the performance of FPGAs over 36 
years. DARPA is funding the develop-
ment of commercial FPGAs at micro-
wave frequencies.1 Moore’s Law pre-
dicted that the number of transistors 
on a chip will increase by a factor of 
two every two years. Many think that 
will continue for a while, although it is 
getting more diffi cult.18 One extreme 
prediction is 600 years; more conser-
vative ones are 10 to 20 years.18 Intel 
expects to go from a production line 
width of 14 nm in 2014 to 10 nm in 
2017, a doubling in density in three 
years.52 Robert Colwell, formerly with 
the DARPA Microsystem Technology 
Offi ce and, before that, Intel’s chief 
architect, predicts we will see an in-
crease in the number of transistors 
by about a factor of 50 in the next 30 
years, which averages to a doubling 
about every fi ve years over the next 
30 years.19 DARPA has a program 
to lower the power consumption of 
processors by a factor of about 75.19 

Quantum computing offers the poten-
tial of orders-of-magnitude increases 
in computing power every genera-
tion, instead of the factor of two that 
Moore’s law provided.53 In 2014, 2.5 
× 1020 transistors were manufactured 
– 250 billion billion. Imagine what it 
would take to do this with 1" × 1" × 2" 
vacuum tubes? They would cover the 

 Fig. 5  Functional block diagram of a single-chip 77 GHz automotive radar transceiver 
(source: University of Melbourne).
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possibility is using IR beams in a Si IC 
(Si is transparent to IR) for transmit-
ting signals at the speed of light and 
without ohmic losses.25 Graphene and 
carbon nanotubes (CNT) have the po-
tential for terahertz transistor clock 
speeds, instead of gigahertz, which is 
nearly three orders of magnitude fast-
er. The manufacture of graphene tran-
sistors on CMOS has been demon-
strated. This could allow Moore’s law 
to march forward using present day 
manufacturing techniques. Spintron-
ics could revolutionize the computer 
architecture away from the 1945 John 
von Neumann model of separate logic 
and memory units. Instead, the two 
functions would be the same for some 
products, with logic being low cost, 
non-volatile memory. Spintronics has 
the potential to replace hard drives 
with low cost, low power and more re-

liable memory, with 
no moving parts and 
faster access time 
for the data. There 
is also the potential 
for computing the 
way the brain does – 
effi ciently and amaz-
ingly – going analog 
by using synaptic 
transistors and/or 
memristors. Real-
izing that the brain 
only weighs about 
two to three pounds 
and consumes only 
20 W, we have a long 
way to go. It has 

been predicted that by using memris-
tors, one could do what the brain does 
in a shoebox rather than a computer 
the size of a whole city and requiring a 
nuclear plant.2,55

METAMATERIALS
Metamaterials are man-made ma-

terials that consist of repeated struc-
tures having a size less than a wave-
length. These materials have proper-
ties not found in nature, like a nega-
tive index of refraction. Metamaterials 

surface of the earth and stand eight 
miles high.

Helping further semiconductor 
technology is DARPA’s Compound 
Semiconductor Materials on Silicon 
(COSMOS) program1,20 and the fol-
low-on Diverse Accessible Heteroge-
neous Integration (DAHI) program.21

The COSMOS program demonstrat-
ed, for the fi rst time, the integration 
of GaN and CMOS on the same sili-
con substrate without wirebonds.20,21

Potentially helping to advance signal 
processing capabilities are nanotech-
nology, spintronics,54 graphene and 
carbon nanotubes1,22 (see Figure 7), 
memristors,2 synaptic transistors23

(see Figure 8) and the future pos-
sibility to transmit data optically on 
the chip. Transmitting electrical and 
optical signals over the same wire has 
been demonstrated.24 An alternative 

 Fig. 6  To minimize the cost of the 77 GHz radar, the single-chip 
RF transceiver, DSP, patch antenna array and lens will be assembled 
on a single PCB (source: University of Melbourne).

Rx Antenna Tx Antenna

DSP Chip
RF C

hip RF PCB
Support

2.5 cm 2.5 cm

1 cm

Lens

TABLE 1
FPGA IMPROVEMENT AS AN EXAMPLE OF MOORE’S LAW

Year Multiplier 
Type

Multipliers per 
Chip

Clock Rate 
(MHz)

Power (W)

1977 16 � 16 1 4.3 5

2013 18 � 18 4,000 600 8

 Fig. 7  Carbon nanotubes may enable 
transistors to reach terahertz clock speeds 
(source: Geoff Hutchison, fl ickr.com, CC BY 2.0).

_11M27 FINAL.indd   26 10/29/15   9:15 AM

http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=26&exitLink=http%3A%2F%2Fwww.agilemwt.com
http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=26&exitLink=http%3A%2F%2Fflickr.com


Noise Figure In Select Frequency Bands 

Frequency (GHz)

N
o

is
e 

Fi
g

u
re

 (d
B

)

5.00

4.50

4.00

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00
0           2           4           6           8         10         12        14        16         18         20         22         24         26         28         30         32         34         36         38         40         42         44         46         48         50

4.5dB

4.0dB

2.8dB 2.8dB

2.5dB

1.2dB

0.9dB
0.7dB

0.35dB

0.7dB
0.5dB

1.2dB

1.8dB

1.3dB
1.5dB

TECHNOLOGIES
Innovating to Excel

Has Amplifier Performance or 
Delivery Stalled Your Program?

www.bnztech.com

Frequency Bands 

Visit us in Booth 423 at 
the IMS 2013.  B&Z is the 
preferred source for high 
perfomance amplifiers.

BNZ30896AmpAdMWJ.indd   1 4/16/13   12:30 PMMWJB&Z0513.indd   27 10/29/15   8:12 AM

http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=27&exitLink=http%3A%2F%2Fwww.bnztech.com
http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=27&exitLink=http%3A%2F%2Fwww.bnztech.com%2F


28  MICROWAVE JOURNAL  NOVEMBER 2015

CoverFeature

ULTRA Hi RF - Compliant Connector

©2015 R&D Interconnect Solutions. All rights reserved. R&D Interconnect Solutions, Invisipin, and RDIS.com are 
trademarks of R&D Interconnect Solutions.

www.RD IS . com/MJ          M J@RD IS . com           610 -443 -2299

Specif ications
• > 50 GHz Bandwidth @1 dB

• 20 mΩ C-Res (typical)

• Up to 4 Amps

*Available in tape and reel (machine placeable) or fully integrated into custom products. 

(Coaxial Configuration)

INFINITELY CONFIGURABLE    •   INDIVIDUALLY SOLDERABLE    •    HI COMPLIANCE RANGE

• 0.23mm to 0.64mm diameter pins

• Pitches from 0.4mm to >1mm

Configurations

®

strated using fractal metamaterials. 
With cloaking, the electromagnetic 
wave signal transmitted by a radar goes 
around the target, making it invisible 
(see Figure 9). Another way to hide a 
target is to have the target absorb the 
incident radar signal. Such “stealth-
ing” has been simulated using a fractal 
metamaterial coating that is less than 1 
mm thick.33 90 percent absorption was 
achieved from 2 to 20 GHz and around 
99 percent from 10 to 15 GHz. Good 
absorption was achieved for a very 
large range of incident angles and po-
larizations. 

With metamaterials it is now possible 
to replace the tall, highly visible Army 
jeep whip antennas with a fl ush mount-
ed �/20 thick antenna34 (see Figure 

uid crystals whose dielectric constant 
is controlled by a bias voltage; this 
shifts the resonator frequency which 
allows the signal to radiate or not radi-
ate. The antennas are only the size of 
a laptop computer. The key question 
is whether they can achieve their pro-
duction cost goal. A second company, 
Echodyne (which has ties to Kymeta), 
is developing metamaterial antennas 
for radar.30 

Target cloaking has been demon-

are being used by Kymeta to develop 
communication antennas at 20 and 30 
GHz, which could cost only $1,000.26-
29 Kymeta is supplying these antennas 
for the Ob3 satellite system, which 
has 12 satellites in equatorial orbit 
at a medium earth orbit (MEO) alti-
tude of 8,063 km. The antennas use 
slotted waveguides, with resonators 
placed along the waveguide to control 
whether the signal at the resonator is 
radiated. The resonators contain liq-

 Fig. 8  Structure of synaptic transistor 
(source: Harvard University).

Ionic Liquid

Source Drain
SmNiO3

Gate Electrode

 Fig. 9  Wave propagation around an 
invisibility cloak.

Cloak

Object
Front

Scatter
Cancelled

Backscatter

 Fig. 10  Low profi le magnetic metamate-
rial antenna, designed for 250 to 505 MHz 
coverage (source ARL).
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accuracy as the MIMO array. The 
conventional full/thin array had some 
disadvantages, such as grating lobes, 
but in some situations it provides bet-
ter energy search effi ciency than its 
MIMO equivalent.38 More recently, 
a new conventional array was pre-
sented which has the same resolution 
and about the same angle accuracy 
as the MIMO full/thin array radar 
and with no grating lobes.39,40 It uses 
the same search time and about the 
same power-aperture product for 
volume search as the MIMO radar. 
The new conventional array consists 
of the same full and thin arrays, but 
with their roles reversed: the thin 
array transmitting and the full array 
receiving. The new conventional ar-
ray is called a thin/full array to dis-
tinguish it from the former full/thin 
array. The matched fi lter processing 
load for MIMO full/thin and thin/full 
arrays depend on whether the trans-
mit or receive beam forming is done 
fi rst.40 MIMO radar systems do not 
have any advantages relative to bar-
rage jammer, hot clutter jammer or 
repeater jammer suppression.38-40

Most recently, it was shown how the 
conventional thin/full array can be 
used for ground moving target indi-
cation (GMTI), so it should provide 
the same minimum detectable veloc-
ity as the MIMO thin/full array.40

DIGITAL BEAM FORMING
In addition to the S-Band ship-

board AESAs developed by Elta in 
Israel and CEA Technologies in Aus-
tralia that utilize digital beam forming 
at every element,2 add Thales with a 
1000 element, S-Band radar.41 Ray-
theon is developing a mixer-less sys-
tem with direct RF analog-to-digital 
conversion that has greater than 400 
MHz instantaneous bandwidth and 
is reconfi gurable, able to switch be-
tween S- and X-Band.42 Instead of 
using down-converters followed by a 
low frequency ADC, the design uses 
a sample-and-hold chip followed by 
a low frequency ADC. For the SAN-
TANA Internet on-the-move system, 
IMST has developed AESAs for 30 
MHz uplink and 20 MHz downlink 
between satellites and airplanes, rail-
road trains and cars. These AESAs 
utilize an ADC and digital-to-analog 
converter (DAC) for every element 
channel.43 Instead of PCBs, they use 
LTCC stacks.

ing N�/2 spacing) is equivalent to a 
full array of N2 elements having �/2 
spacing. It achieves N times the accu-
racy and resolution of a conventional 
full array of N elements: 10, 100 or 
1000 times better than a conven-
tional array, depending on N.35,36  It 
has since been shown37,38 that a con-
ventional array radar can do as well 
as a MIMO full/thin array radar. Spe-
cifi cally, a conventional full/thin ar-
ray provides the same resolution and 

10). Other capabilities of metamateri-
als include the ability to focus beyond 
the �/2 diffraction limit, provide higher 
isolation and increase the scan angle for 
arrays.1,2 

MIMO
A MIMO full/thin array radar 

system (consisting of a full transmit 
linear array of N elements having 
�/2 spacing and a collocated, paral-
lel, receive thinned linear array hav-
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ics. Several approaches are being in-
vestigated, including the use of metal-
insulator-metal (MIM) diodes,48 2D 
MoS2 ink49 and Si and NbSi2 particles, 
which have produced diodes at 1.6 
GHz and have the goal of operating 
at the 2.4 GHz Wi-Fi band.50 It was 
recently shown that a low thickness 
(/40), wideband (20:1 bandwidth), 
dual polarized antenna can be built 
using tightly coupled dipole antennas 
(TCDA)44,45 (see Figure 11). And 
quantum radar, based on microwave-
optical entanglement, is claimed to 
provide better false alarm rate and 
signal-to-noise ratio than a conven-
tional radar.51

We live in exciting times. ■
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The future is Ka band. Now, there’s a rugged, dependable handheld 
designed to deliver precise, lab-grade measurements up to 50 GHz. 
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MostValuableProduct

Version 8 of Mician’s µWave Wizard 
software combines the fl exibility of the 
2D/3D fi nite element method (FEM) 

with the speed and accuracy of traditional mode 
matching techniques. The benefi t of mode 
matching lies in its ability to perform and com-
bine sub-circuit type full-wave simulation with 
full parameterization of structural geometries 
using µWave Wizard’s built-in optimizers.

The fast and easy composition of complex RF 
structures using basic building blocks eliminates 

the need to create a full 3D model of the entire 
structure and speeds the development process. 
In addition to its fast and powerful numerical 
methods, µWave Wizard offers fl exibility and 
openness, including a COM API interface and 
CAD export formats that interface with most 
mechanical design tools.

RIBBON GUI
Version 8 offers a ribbon graphical user in-

terface (GUI) that makes a convenient, user-
friendly environment, even for a beginner. The 
attractive icon-based shortcuts and controllers 
distributed across the ribbon (see Figure 1) 
help the user to understand each task quickly 
and easily. The project tree view provides all 
information about the current project, such as 
frequency settings, variables by type (real, op-
timization, tune and equation with complex 
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µWave Wizard 
Version 8 Adds 
Features and 
Speed
Mician
Bremen, Germany

 Fig. 1  User-friendly ribbon-based GUI.
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MostValuableProduct
OMTs) and radiation. Searching for an element is possible 
by using the new filtering option, filtering the component by 
name – even by a part of the name of the desired element – 
or by using port properties.

MODELER
Although µWave Wizard’s elements offer high flexibility, 

mathematical expressions), circuits and sub-circuits and de-
fault settings like units, accuracy, symmetries and material 
properties. The new GUI separately identifies the variables 
that correspond to the circuit currently selected. µWave 
Wizard’s schematic editor supports zooming, drag and drop, 
cut and paste and undo/redo functionality for the elements 
and circuits and contains many useful mac-
ros. All of these editing options are easily 
found under ribbons. Another new feature 
enables changes at both the project and 
circuit levels, as desired.

The OpenGL based 3D viewer pro-
vides visualization of circuit geometries, 
mesh files and field patterns and enables 
the graphic to be exported to common 
CAD formats like STL, DXF, VRML and 
STEP. With Version 8, real-time 3D visu-
alization of all library elements is intro-
duced. When both the element editor and 
the 3D viewer are open at the same time, 
a change of a geometric parameter in the 
element editor will be immediately visible 
in the viewer.

One of the main assets of µWave 
Wizard is the library module, which has 
over 450 key building elements, such as 
steps, irises, cavities, bends, junctions, co-
axial probes, entire structures (e.g., tapers, 

Most Valuable Product

s Fig. 2  The modeler is a 3D editor for creating and modifying geometric models of 3D and 
planar structures.
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■  Excellent solid-state  
repeatability and  
performance

■  Uninterrupted RF when 
changing attenuation value

■  Labview based USB Control 
Center Software included

Bring your 3G/4G testing to a solid state
If it’s time to bring your test systems to the digital age, look to the leaders 
in solid-state programmable attenuation.

With 60 years of industry leadership and product development,  
Weinschel, part of API Technologies Corp., offers DC to 6 GHz MMIC 
digital attenuation solutions including USB/TTL controlled attenuators 
and Ethernet controlled rack mountable subsystems.

Designed with budget and performance concerns in mind, these devices 
offer superior RF characteristics suitable for automated bench testing in 
wireless backhaul, fading simulation, and other high-performance 
wireless applications. 

Weinschel is now part of API Technologies Corp.

WEINSCHEL

4205 Series 

USB/TTL controlled 

Available in 0-31.5,  
63.5, and 95 dB

8320, 8321, 8331 Series 

Ethernet controlled

Configurations up to 12 channels

Electromechanical & solid-state designs
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0.5 kW - 8 kW+
Solid State
Pulse Amps

Broad Field
High Gain

Area Antenna

TEST LEVELS TO
> 10,000 v/m

1.0 GHz - 2.0 GHz

Model Frequency Range Power
S21 - 500P 1.0 - 2.0 GHz 500 Watts Pulse
S21 - 1 kWP 1.0 - 2.0 GHz 1 kW Pulse
S21 - 2 kWP 1.0 - 2.0 GHz 2 kW Pulse
S21 - 4 kWP 1.0 - 2.0 GHz 4 kW Pulse
S21 - 6 kWP 1.0 - 2.0 GHz 6 kW Pulse
S21 - XX kWP 1.0 - 2.0 GHz XX kW Pulse

Flex Series! May be used as one high power amp or 
transform it for multiple chamber or site applications.
Consult factory about our whisper mode of operation!

PULSE APPLICATIONS

some designs may require the creation of user-defi ned el-
ements. µWave Wizard Version 8 now includes a modeler 
which is directly accessible through the new µWave Wiz-
ard modeler library. The modeler (see Figure 2) is a ver-
satile 3D editor enabling the creation and modifi cation of 
geometric models of 3D and planar structures. Modeling 
is based on a constructive solid geom-
etry (CSG) technique, where complex 
geometries are created from simple ob-
jects called primitives (e.g., boxes, cylin-
ders, rectangles) and then modifi ed and/
or subjected to Boolean operations (e.g., 
union, subtraction, intersection). For ex-
ample, a partial height post in a cavity 
is created by fi rst creating a box, then a 
cylinder and subtracting it from the box. 
Each time an object is created or modi-
fi ed, the action is added to the object’s 
operation list, which acts as a blueprint. 
This makes the design and further modi-
fi cation of structures simple and fast.

A different approach to the design 
comprises building the structure in two 
steps. First, a two-dimensional cross-
sectional profi le is created using 2D 
primitives. Second, the profi le is extruded 
along a line to get a 3D structure. Other 
features of the construction include ar-  Fig. 3  Synthesizing a Gregorian DAX antenna with the refl ector synthesis tool.

rays of objects using the cloning tool, fi llets to create ac-
curate models of devices built by machining and structures 
with ruled surfaces and surfaces of revolutions.

This new feature not only facilitates easy building of 
structures, it also provides a simple and powerful way to 
change structures once built. Thanks to parameterization 

MostValuableProduct
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MostValuableProduct

tion. The use of higher order basis functions leads to more 
accurate approximations of the electromagnetic fi elds, 
where curvilinear tetrahedral elements result in accurate 
shape modeling of curved and complex geometries. The 
fi eld calculation and mode matching interface have been 
extended for full compatibility with existing modules. The 
iterative solver uses a multilevel preconditioner for great-
er effi ciency.

Refl ector Synthesis Tool: The refl ector computation, 
which was extended by a refl ector synthesis tool since the 
previous version (7.11) of µWave Wizard, has been further 
modifi ed in Version 8. This tool is now capable of designing 
several refl ector and sub-refl ector types, ranging from very 
basic structures like parabolic and hyperbolic to more com-
plex structures such as displaced axis (DAX) Cassegrain or 
Gregorian refl ectors (see Figure 3). This tool also offers 
the user the facility to create any user-defi ned refl ector or 
sub-refl ector.

Parallelization: µWave Wizard offers different levels of 
parallelism for effi cient use of multi-core CPU architectures. 
The parallelization of all 3D FEM solvers and many of the 
mode matching and 2D FEM modules signifi cantly speeds up 
the simulation of a single project. 

Mician 
Bremen, Germany 
www.mician.com

of all operations on geometries, the dimensions and other 
parameters of a structure can be quickly changed without 
building the structure again. The user simply selects the de-
sired operation on the screen and types a new parameter 
value; the structure is automatically rebuilt according to the 
new parameters.

The modeler incorporates a fl exible variable mechanism 
that not only enables the introduction of simple numerical 
values but also complex equations, utilizing a range of built-
in predefi ned functions. Further design fl exibility is achieved 
by utilizing multiple nested coordinate systems. All variables 
are synchronized between the modeler and µWave Wiz-
ard’s GUI. The connection between modeler elements (even 
complex structures) is supported by the multimodal scat-
tering matrix. No normalization or manual sorting of modes 
is necessary. The user simply connects the corresponding 
waveguide ports between the elements.

Version 8 includes several additional features and en-
hancements:

Direct and Iterative Solver: µWave Wizard uses 3D 
FEM as an additional method to solve Maxwell’s equations, 
offering high fl exibility in modeling capabilities (i.e., geom-
etry, material fi llings, fi eld and loss calculations). Now with 
µWave Wizard Version 8, two new 3D FEM solvers – one 
direct and one iterative – have been introduced. They use 
a set of hierarchical basis functions, up to third order, and 
curvilinear tetrahedral elements to solve the wave equa-

You’ve known us for more than 30 Years  
as your component manufacturer, but . . . 

Did you know  
we make great  
Switch Matrices?

0.1-18.0 GHz  
RF Distribution Matrix  
(80x5 Non-Blocking)

• Octave Band Inputs

• Wide-Band (0.1-18.0 GHz) Outputs 

• 0 dB Nominal Gain

• <14 dB Noise Figure

• >60 dB Cross Channel Leakage

• Phase and Amplitude Tracked Path Sets

• User Definable Controls

• 2 μsec Channel Selection

• 100 nsec Output Blanking

• Line Replaceable RF Units

• 19” Rack Mountable (12U)

Custom Microwave Components, Inc.
www.customwave.com
info@customwave.com
Phone: (510) 651-3434
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USA - AZ, tel. +1 480-961-1382
EUROPE - BELGIUM, tel. +32 9 235 3611
www.rogerscorp.com

Rogers Corporation has the most extensive families of laminates designed for low loss, low PIM, cost sensitive 
base station antennas with dielectric constant range of 2.5 to 3.5. Combining Arlon’s antenna industry leading 
AD Series™ PTFE/woven glass based materials with Rogers’ groundbreaking RO4000® thermoset/woven 
glass laminates, we are able to provide laminate solutions for your developing base station antenna needs.
From multiband low PIM antennas to distributed active antenna array designs in 4G and the emerging 5G 
technologies, Rogers Corporation combines the best of both worlds to meet your antenna material needs.

AD Series materials combine PTFE with woven glass 
and ceramic filler, AD255C™ and AD300C™ laminates 
are the industry’s leading materials for use in base 
station antennas.

RO4700JXR materials are rigid thermoset resin materials 
on woven glass that utilize microsphere filler technology 
to achieve low Dk and low PIM.

RO4500 Series laminates are based on the original thermoset 
resin/ceramic/woven glass formulations of RO4000 materials and 
are ideal for multilayer designs such as active antenna arrays.

Learn more about our expanded line of Antenna Grade 
Laminates by visiting www.rogerscorp.com/antenna

MATERIAL Dk

AD Series 2.5 to 3.2

RO4700JXR™ Series 2.55 to 3.0

RO4500™ Series 3.3 to 3.5

ROGERS + ARLON Antenna Laminates

Best of both worlds!Best of both worlds! Superior, Consistent PIM Performance
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Ciao Wireless, Inc.  4 0 0 0  V i a  P e s c a d o r,  C a m a r i l l o ,  C A  9 3 0 1 2

Tel (805) 389-3224    Fax (805) 389-3629    sales@ciaowireless.com

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

BAE Systems has been selected by Boeing to develop 
and manufacture a new, all-digital electronic warfare 
system for the U.S. Air Force’s (USAF) fleet of F-15 

fighter aircraft. The new electronic warfare system is part 
of a multi-billion dollar program to develop the Eagle Pas-
sive Active Warning Survivability System (EPAWSS), an 
integrated system that will provide advanced aircraft pro-
tection, significantly improved situational awareness, and 
support future USAF F-15 mission requirements.

“This selection builds on our extensive electronic war-
fare legacy, a history we were able to leverage to develop 
an executable, affordable and low-risk solution for the 
F-15 fleet,” said Brian Walters, vice president and general 
manager of Electronic 
Combat Solutions at BAE 
Systems. “By upgrading 
to an enhanced all-digital 
system, the Air Force, in 
conjunction with the plat-
form prime, Boeing, will 
provide next-generation 
electronic warfare capa-
bility to F-15C and F-15E 
aircraft to help keep the 
platform capable and mis-
sion-ready against current 
and future threats.”

The F-15 EPAWSS 
system will replace the 
current F-15 Tactical Electronic Warfare Suite (TEWS), 
which has been in use since the 1980s. Updating the elec-
tronic warfare system is critical to the F-15, which is sched-
uled to be in service through 2040.

EPAWSS, an integrated all-digital system, requires a 
smaller footprint than TEWS and provides advanced elec-
tronic warfare capabilities and a significant growth path 
for the F-15 Eagle. The system will improve aircraft pro-
tection with advanced electronic countermeasures, radar 
warning, and increased chaff and flare capability. EPAWSS 
is designed to meet future F-15 requirements, including 
the capability to detect and defeat threats in contested and 
highly contested environments.
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Thales Alenia Space’s Poseidon-3C Radar 
Altimeter Chosen for SWOT Satellite

T hales Alenia Space recently signed a contract with the 
French space agency CNES (Centre National d’Etudes 
Spatiales) covering the design and development phase 

for the Poseidon-3C radar altimeter on the SWOT (Surface 
Water and Ocean Topography) satellite, new altimetry pro-
gram that will demonstrate new applications.

The contract covers the supply of a nadir altimeter (for 
vertical measurement), along with the brand new main 
instrument, the KaRIn (Ka-Band Radar Interferometer) 
wide-swath altimeter. The Poseidon-3C instrument will 
integrate the latest improvements from the Poseidon 3B 
instrument, already mounted in the Jason-3 satellite, to be 
launched shortly by a Falcon rocket.

Thales Alenia Space’s Poseidon family of altimeters 
are dual-frequency radars operating at 13.6 GHz and 5.3 
GHz. They provide precise measurements of ocean sur-
face height, a critical parameter to monitor climate change 
and the rise in sea levels, along with ocean dynamics and 
currents, wave height and surface wind force. More re-
cently, and especially since the advent of Jason 2, these in-
struments have added the measurement of river and lake 
heights, and we are now seeing a boom in “space hydrol-
ogy”, which will be the stake of the SWOT mission.

Hervé Hamy, vice president, Observation and Science 
at Thales Alenia Space France, said, “The aim of SWOT 
is to measure the topography of seas and oceans, as well 
as lakes and large rivers. Winning the contract for this new 
instrument confirms the excellence of our product fam-
ily, and also the continued trust expressed by CNES and 
NASA in our altimetry expertise. This mission will offer a 
never-seen level of precision, resolution and data refresh 
rate, further bolstering Thales Alenia Space’s contribution 
to environmental and climate change monitoring.” 

The SWOT satellite will be built in collaboration with 
U.S. JPL (Jet Propulsion Laboratory) on behalf of the 
French (CNES) and American (NASA) space agencies, 
with contributions from the Canadian (CSA) and British 
(UKSA) agencies. Visit https://swot.jpl.nasa.gov/ for more 
information on SWOT.

EPAWSS, an 
integrated all-digital 

system, provides 
advanced electronic 
warfare capabilities 

and a significant 
growth path for the 

F-15 Eagle. 

Source: NASA Source: USAF
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US Navy, Raytheon Demo Network-Enabled 
Tomahawk Cruise Missiles in Flight

A Tomahawk Block IV cruise missile successfully 
showed it can take a reconnaissance photo and fol-
low orders to re-target in mid-flight during a test 

conducted by the U.S. Navy and Raytheon Co.
During the test, a missile launched from the guided 

missile destroyer USS Gridley (DDG 101) used its on-
board camera to capture battle damage indication imagery 
and then transmitted the image to fleet headquarters via 
its two-way UHF SATCOM datalink. The missile then en-
tered a loiter pattern to await further instructions.

Meanwhile, strike controllers at the U.S. Fifth Fleet 
headquarters in Bahrain retargeted the missile to a new 
aim point on the Navy’s range at San Nicolas Island, off the 
coast of southern California. The missile performed a verti-
cal dive and struck the designated target.

The test was designed to show that the missile’s strike 

controllers, located at multiple fleet headquarters, can 
control and redirect multiple missiles simultaneously. To 
reduce testing costs, only one of the large salvo of mis-
siles was a live launch. The rest were flown via computer 
simulation through various missions directed by forward 
deployed strike controllers.

NGC Selected by US Army to Develop New 
ARL-E Long-Range Radar

Northrop Grumman Corp. has been selected by the 
U.S. Army to develop the Airborne Reconnaissance 
Low-Enhanced (ARL-E) long-range radar.

Under terms of the indefinite delivery indefinite quan-
tity contract, the company will develop a synthetic aperture 
radar (SAR)/ground moving target indicator (GMTI) sys-
tem for the ARL-E DHC-8.

“The Long Range Radar (LRR) is a natural fit into the 
Northrop Grumman family of intelligence, surveillance 
and reconnaissance (ISR) systems and mission solutions,” 
said Steve McCoy, vice president of tactical sensor solu-
tions, Northrop Grumman Electronic Systems. “Our low-
risk, affordable solution combines mature Active Electron-
ically Scanned Array (AESA) technology with operation-
ally proven hardware and software to meet all-weather and 
long-range ISR requirements.”
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Ericsson Report Identifi es E-Band as
Key to Boosting Microwave Capacity

Ericsson’s latest edition of “Microwave Towards 2020,” 
an ongoing series on the state of the microwave busi-
ness, predicts several major developments by 2020. 

Firstly, microwave technology will support multi-gigabit 
capacities in traditional frequency bands and beyond 10 
Gb in the millimetre wave (E and V-Bands). 

In the coming years, the choice between fi bre and mi-
crowave in backhaul networks will not be about capacity, 
but fi bre presence and TCO. Ericsson foresees that micro-
wave will continue to be the dominant backhaul technol-
ogy. In 2020, 65 percent of all cell sites will be connected 
by microwave solutions; markets such as China, Japan, 
South Korea and Taiwan that have existing deep fi bre in-
vestments will be the exception. 

E-Band spectrum will prove key in catering for capac-
ity increases in both fronthaul and backhaul. The E-Band 
(70/80 GHz) will experience major growth and will repre-
sent up to 20 percent of new deployments in 2020. Tradi-
tional bands will represent 70 percent of new deployments 
in 2020.

Ericsson foresees a paradigm shift in microwave plan-
ning, with the introduction of multiband use. A seven-time 
capacity increase can be achieved using a wide, low-avail-
ability link in the E-Band to boost a high-availability link in 
traditional bands.

Karolina Wikander, head of Microwave, Ericsson, said, 
“Microwave networks are a vital ingredient for operators to 
provide the best possible performance and quality of expe-
rience in the most cost-effi cient way, and will continue to 
be the dominant backhaul technology in the future. Capac-
ity needs will continue to increase on the road to 5G, and 
keeping up requires continued technology evolution and 
re-imagining network effi ciency.”

Xhaul Consortium to Develop Integrated 
Solution for 5G Networks

T he Xhaul Project, part of the European H2020 5G Pub-
lic-Private Partnership (5G PPP) Infrastructure, will 
defi ne and develop the next generation of integrated 

fronthaul and backhaul networks that will respond to the 
needs of the future 5G communications system.

The Xhaul Consortium comprises 21 partners including 
leading telecom industry vendors, operators, IT companies, 
small and medium-sized enterprises and academic institutions.
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The term Xhaul refers to the integrated combination 
of fronthaul and backhaul and is defi ned as the common 
fl exible transport solution for future 5G networks, aims at 
integrating the fronthaul and backhaul networks with all 
their wire and wireless technologies in a common packet 
based transport network under a Software Defi ned Net-
works (SDN) based and Network Functions Virtualization 
(NFV) enabled common control. 

The consortium’s envisioned novel Xhaul architecture 
will enable an unprecedented level of fl exibility and dy-
namicity at a reduced cost, allowing operators to recon-
fi gure and share the network in a cost-effective and time-
effi cient manner. It will consider a mix of different hetero-
geneous (both wire and wireless, existing legacy and novel) 
physical and link technologies to implement a unifi ed fron-
thaul and backhaul networking infrastructure.

The technical approach is based on two novel building 
blocks: a control infrastructure using a unifi ed, abstract net-
work model for control plane integration – Xhaul Control 
Infrastructure (XCI) and a unifi ed data plane encompass-
ing innovative high-capacity transmission technologies and 
novel deterministic-latency switch architectures – based on 
the Xhaul Packet Forwarding Element (XFE) – seamlessly 
interconnecting different heterogeneous transport tech-
nologies, and employing a single, versatile frame format.

High-Tech Electronics Helps the Search for 
Space Life

T he EU-funded TeraComp Project has developed a 
new ‘terahertz receiver’ that could help detect traces 
of life in space – especially if used for the fi rst Eu-

ropean Space Agency (ESA) mission to Jupiter’s moons, 
planned for launch in 2022.

 “If Europe is going to send instruments into space, we 
need to be able to produce some of the key technologies 
in Europe,” said Jan Stake, project leader at the Chalmers 
University of Technology, Gothenburg, Sweden. “Building 
the capacity to make these instruments benefi ts European 
industry,” he explained, reducing reliance on U.S. suppliers.

The project team focused on developing Schottky di-
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Karolina Wikander will explain the fi ndings 
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odes – devices to detect and receive high-frequency sig-
nals. The team also worked to integrate complementary 
circuits such as a local oscillator within the same receiver. 
This enabled them to push the frequency response as high 
as possible and optimise the components so that they work 
well together. “We start with microwave circuits and then 
multiply up the frequency until we generate a signal for the 
receiver and signal processing,” explained Stake. The end 
result is a compact, lightweight receiver that could make 
the grade for ESA’s upcoming JUICE mission to Jupiter’s 
moons. 

 “With EU funding, we were able to bring seven part-
ners into the project, enough to push development in dif-
ferent parts of a complex receiver so the components are 
optimised to work together,” said Stake. EU support is 
boosting Europe’s position in the space race. Thanks to the 
outcome of TeraComp, participating SMEs such as Om-
nisys Instruments AB have already received commercial 
contracts for further instrument development.

Thales and CNRS Extend Strategic 
Partnership

Building on proven credentials in leading-edge re-
search, Thales and French scientific research agency 
CNRS have extended their long-standing framework 

agreement for a further 
five years. The two part-
ners have been working 
together under this stra-
tegic arrangement since 
1985. 

In each of its five key 
markets, Thales needs to 
consolidate its technology leadership in the face of tough 
competition. Pursuing advanced research in physics, al-
gorithms, modelling and software, the Thales and CNRS 
teams have highly complementary expertise and a shared 
ambition to develop value-adding innovations for custom-
ers and users of Thales solutions.

Joint laboratories and integrated research teams set up 
under this type of agreement are a constant source of in-
spiration and motivation for both partners. Working with 
innovative industry players helps CNRS to extend the 
worldwide influence of the French research community, 
while French industry benefits from the agency’s world-
class scientific and technological excellence.

Alain Fuchs, president of CNRS said, “The renewal of 
this contract will further consolidate such a long-standing 
partnership. Thales and the CNRS involves more than 100 
scientific collaborations, a joint physics unit, a joint interna-
tional research unit in Singapore, a shared laboratory and 
hundreds of mutually-owned patents.”
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(GaN) – will change the 
landscape, but has not yet 
done so to any large scale. 
While it is not yet near 
monopolizing the RF/mi-
crowave power industry, 
GaN is advancing steadily 
and is a technology that 
should be closely watched, 
as it will be a threat to 
some aspects of the micro-
wave and millimeter wave 
VED marketplace.

Wilson states, “The 
size of this historic market continues to surprise everyone, 
and its longevity and fi rm resistance to RF power semicon-
ductor encroachment is as surprising; however, that will be 
changing as GaN devices move up in frequency and power. 
These specialized vacuum electron devices may at fi rst seem 
anachronistic, but in some cases there is no other way to 
generate such high levels of RF power within an acceptably 
small space. Certain microwave and millimeter wave VEDs 
can generate megawatts, and it would take tens of thousands 
of transistors to do that.”

These fi ndings are part of ABI Research’s recent study,
“Microwave and Millimeter Wave High-Power Vacuum 
Electron Devices: One of Electronics’ Original Technolo-
gies is Going Strong,” which examines the microwave and 
millimeter wave high power vacuum electron device market 
and assesses how GaN devices could affect that business.

Wi-Fi Calling a Must Have Service from 
Mobile Operators 

W ith at least 10 wireless operators already offering 
native Wi-Fi Calling, the market is set to grow rap-
idly in Q4 2015, according to the Strategy Analytics 

Wireless Operator Strategies (WOS) service report, “Wi-Fi 
Calling Momentum Builds as Carriers Plan Voice Future.”

Unlike earlier versions of calling on Wi-Fi, native Wi-Fi 
Calling lets users make and receive calls and texts on their 
smartphones just as if they were on the cellular network, 
using the phone’s dialer and contact lists. Calls can hand 
over between Wi-Fi and voice over LTE (VoLTE) during 
the call for a seamless customer experience. Apple’s sup-
port for Wi-Fi Calling in last year’s iPhone 6 encouraged 
more operators to add the service capabilities to their net-
works and offer software upgrades for capable phones – 
certain models from Apple, Samsung, Microsoft and oth-
ers. With 13 million new Wi-Fi Calling capable iPhones 
6s and 6s+ sold the fi rst weekend they were on sale, the 
number of wireless customers that can take advantage of 
Wi-Fi Calling is expanding rapidly. 

Key fi ndings:
•  T-Mobile US has been the leading global operator cham-

pioning Wi-Fi Calling, taking advantage of Wi-Fi to im-

Key Players in Global Civilian 
Drones Market 2015-2019

A ccording to a New Study by ASDReports, the fol-
lowing companies are key players in the global civil-
ian drones market: 3d robotics, Aeryon, Aibotix, Dji, 

Parrot and Walkera. Other prominent vendors are: Aero-
nautics, Aerovironment, Airware, Aurora Flight Sciences, 
Cybaero, Drone Deploy, Ehang, Precision Hawk, Thales, 
Trimble Navigation and Xaircraft.

Commenting on the report, an analyst said, “The use of 
and demand for civilian drones in fi lm and media applica-
tions increased after the FAA approved its use in the indus-
try in September 2014. Drones are used for fi lming aerial 
photos and videos on sets. They can also be used in indoor 
sets that are restricted to the public; however, the operator 
requires prior permission and pilot certifi cation for entry.”

According to the re-
port, drones are increas-
ingly being used to detect 
and avoid hazardous envi-
ronments and natural di-
sasters. They can be used 
for search and rescue op-
erations, crisis mapping, 
and the provision of relief 
packages and cargo.

Further, the report 
states that civilian drones 

pose serious threats to commercial airplanes and helicop-
ters. Many incidents have been reported by pilots wherein 
the drones came in close vicinity to the aircraft, risking the 
lives of the passengers aboard.

The study was conducted using an objective combina-
tion of primary and secondary information including inputs 
from key participants in the industry. The report contains 
a comprehensive market and vendor landscape in addition 
to a SWOT analysis of the key vendors.

The Microwave Tube Market Still Strong at 
Over $1B for 2015

W hile microwave and millimeter wave high-power 
vacuum electron devices (VED) remain “below 
the radar” of many industry observers, the total 

available market (TAM) for this segment is over $1 billion. 
Despite its size, and although these tubes remain essen-
tial elements in specialized military, scientifi c/medical and 
space communications applications, this market is gener-
ally under-reported and poorly understood by those not 
directly involved in it.

After several rounds of consolidation in recent years, this 
is essentially now a stable industry. ABI Research director 
Lance Wilson believes there is potential for further consoli-
dation, but there are no signs of that happening yet. Howev-
er one new RF semiconductor technology – gallium nitride 
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CommercialMarket
Cliff Drubin, Associate Technical Editor

Drones are 
increasingly being 
used to detect and 
avoid hazardous 
environments and 
natural disasters.

For More
Information

One new RF 
semiconductor 

technology – gallium 
nitride (GaN) – will 

change the landscape, 
but has not yet done 
so to any large scale. 

Scan page
using           app

_11M17 FINAL.indd   55 10/29/15   9:16 AM

http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=55&exitLink=http%3A%2F%2Fmwjournal.com


56 	 MICROWAVE JOURNAL  NOVEMBER 2015

CommercialMarket

prove customer experience for in-building calling and in-
ternational roaming, enhancing its competitive position. 

•	 �Around the globe, at least 10 mobile operators have com-
mercially launched native Wi-Fi Calling, including T-Mo-
bile US and Sprint, EE and Vodafone in the UK, SmarT-
one and 3 in Hong Kong and Vodacom in South Africa.

•	 �The number one driver for Wi-Fi Calling is to enable 
customers to make and receive mobile calls in are as 
with poor cellular signal but good Wi-Fi coverage.

•	 �Wi-Fi Calling enables both improved customer experience 
and new service offerings that can attract new customers, re-
duce churn and compete with over-the-top (OTT) services.
According to Susan Welsh de Grimaldo, director, Wire-

less Operator Strategies, “Coverage and voice quality are 
still critical factors in selecting a wireless service provider. 
Because it offers better voice in more places, Wi-Fi Calling 
will move quickly from being a first mover differentiator to 
standard table stakes – a service that subscribers come to 
expect from their mobile service provider.”

Hotspot 2.0 Becomes Mainstream as 
Deployments Exceed 6 Million by 2020

Mobile operators are increasingly relying on Wi-Fi 
networks, both directly and indirectly, to support 
their businesses. Out of the massive global Wi-Fi 

coverage in 2020, at least 6 million public locations will 
support Hotspot 2.0 features.

Although a number of operators have already upgraded 
or committed to upgrade their networks to support Hotspot 
2.0, the adoption remains slow. Initially, Hotspot 2.0 of-
fered seamless discovery and access, which can potentially 
enhance the user experience and attract more engagement. 
Operators, however, still lack the tools to generate revenue 
streams from this technology. “Hotspot 2.0 will evolve to al-
low operators higher flexibility for supporting different poli-
cies, which in turn, will encourage implementation of inno-
vative business models, and ultimately wider market adop-
tion,” says Ahmed Ali, research analyst at ABI Research.

The rise of IMS-enabled Wi-Fi calling has boosted the 
confidence in Wi-Fi voice capability and is suggesting an 
even larger role for Wi-Fi technologies in 4G and 5G net-
works. Many operators that have tapped the technology in 
countries such as the United States, the United Kingdom, 
Australia, South Africa and Hong Kong, have launched the 
service with VoLTE side by side, aiming for a complete 
seamless voice experience and driving the usage to five-
fold by next year.

Migrating to 802.11ac is another top priority for opera-
tors in order to release or avoid congestion problems with-
in public spaces. Following the residential and enterprise 
pattern, metro dual-mode access point shipments rapidly 
grow to dominate the carriers’ equipment shipment.

_11M17 FINAL.indd   56 10/29/15   9:17 AM

http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=56&exitLink=http%3A%2F%2Fwww.firstrf.com
http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=56&exitLink=mailto%3Ainquiries%40firstrf.com


email: Microwave@Teledyne.com
T: 800.832.6869
www.TeledyneMicrowave.com 

SSPA, LNB and Switchable BUC  
for Airborne & ManPack Terminals  
New COTS Trio of ITAR-free products are the  
smallest in the industry, switchable between  
military & commercial bands and configurable  
to a wide variety of functions with any modem.

MWJTELEDYNE0315.indd   57 10/29/15   8:18 AM

http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=57&exitLink=mailto%3AMicrowave%40Teledyne.com
http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=57&exitLink=http%3A%2F%2Fwww.TeledyneMicrowave.com


Around the Circuit 
Barbara Walsh, Multimedia Staff Editor

58 	 	 MICROWAVE JOURNAL  NOVEMBER 2015

Mergers & Acquisitions
Raytheon Co. announced it has acquired Herndon, 
Virginia-based Foreground Security, a provider of se-
curity operations centers (SOC), managed security ser-
vice solutions and cybersecurity professional services. 
The acquired company, which will be called Raytheon 
Foreground Security (RFS), accelerates Raytheon’s expan-
sion into managed security services across federal, inter-
national and commercial markets. RFS has approximately 
165 employees, 85 percent who are trained cybersecurity 
experts. Foreground Security’s Virtual Security Operations 
Center (V-SOC) and Automated Threat Intelligence 
Platform (ATIP) offer unique advanced cyber monitoring, 
threat hunting and professional services capabilities.

Skyworks Solutions Inc. and PMC-Sierra Inc. announced 
a definitive agreement under which Skyworks will acquire 
PMC for $10.50 per share in an all-cash transaction valued 
at approximately $2 billion. Upon completion of the acqui-
sition, Skyworks expects annual revenues of more than $4 
billion with gross margin in the 55 percent range and oper-
ating margin exceeding 40 percent.

GigOptix announced signing a definitive agreement to 
acquire Terasquare Co. Ltd., a Seoul, Korea-based, fab-
less semiconductor company and provider of low power, 
CMOS high speed communication interface semicon-
ductors for 100 Gbps Ethernet, Fiber Channel and EDR 
Infiniband applications. GigOptix is executing this acqui-
sition as a cash deal, paying about $4 million in cash to 
Terasquare’s investors and paying an additional $1.15 mil-
lion of Terasquare’s debt and other liabilities. The amounts 
to be paid are subject to customary adjustments. Based 
on the current Korean Government subsidies provided to 
Terasquare, the acquisition is neutral to accretive immedi-
ately upon closing.

CommScope, a global provider of connectivity and essen-
tial infrastructure solutions for communications networks, 
has completed its acquisition of Airvana LP, a privately-
held leader in small cell solutions for wireless networks. 
Airvana provides award-winning 4G LTE and 3G small cell 
solutions that enable people to access communications, 
information and entertainment in the most challenging 
and high-value environments – offices, public venues and 
homes. This acquisition will expand CommScope’s leader-
ship and capabilities in providing indoor wireless capacity 
and coverage, an increasingly important market opportu-
nity that is growing due to consumers’ and businesses’ in-
satiable demand for wireless data.

Communications & Power Industries LLC (CPI) ac-
quired ASC Signal Corp., which designs and builds ad-
vanced satellite communications, radar and high-frequency 
antennas and controllers. ASC Signal’s high-performance 

antennas are used in commercial and government satel-
lite communications, terrestrial communications, imagery 
and data transmission, and radar and intelligence applica-
tions. Under the acquisition agreement, CPI acquired ASC 
Signal from Resilience Capital Partners. CPI expects to re-
alize approximately $50 million in annual sales, as well as 
positive contributions to its earnings in the first year follow-
ing the acquisition.

Collaborations
As the passenger demand for quick and easy access to in-
flight entertainment and connectivity (IFEC) increases, 
aircraft IFEC systems need to provide faster data transmis-
sion over longer distances. W. L. Gore & Associates and 
Kontron – a global manufacturer of embedded computer 
modules, boards and systems – are working together to suc-
cessfully meet these growing demands. GORE® Ethernet 
Cables are engineered for the increasing data demands of 
modern airborne digital networks. These cables coupled 
with Kontron’s embedded computing avionic systems de-
liver reliable signal integrity for high-speed data transmis-
sion up to 10 gigabits over longer distances.

Modelithics Inc., an RF/microwave simulation model 
provider, announced a new partnership with Vishay, a 
manufacturer of discrete semiconductors and passive 
electronic components. As part of a Strategic Modelithics 
Vendor Partner (MVP) project, Modelithics and Vishay 
are collaborating to develop two new Microwave Global 
Models™ for the Vishay VJ HIFREQ 0402 and 0603 
surface-mount RF and microwave capacitor families. 
Modelithics Microwave Global Models are high accuracy 
equivalent circuit models that cover an entire component 
series within one model. These powerful models, unique 
to Modelithics, feature substrate, part value and pad scal-
ability, and accurately predict parasitic effects based on the 
model parameter settings.

Nokia’s president and chief executive officer Rajeev 
Suri met with Emmanuel Macron, France’s Minister of 
Economy, Industry and Digital Affairs, to formally affirm 
Nokia’s commitment to driving innovation in France and 
globally, from France, that will result from Nokia’s pro-
posed combination with Alcatel-Lucent. The announce-
ment follows an open and fruitful dialogue between Nokia 
and the French Government since the proposed combina-
tion was announced in April 2015. In its discussions with 
the French Government, Nokia has confirmed that France 
will play a leading role in the combined entity’s Research 
and Development operations.

Tronics, a designer and manufacturer of innovative nano 
and microsystems, and Airbus Group, a global leader in 
aeronautics, space and related services, announced their 
partnership for the development of capacitive MEMS-
based RF switches and circuits. Under this agreement, 
Tronics accesses Airbus Group’s patent portfolio through 
an exclusive license for the development of a breakthrough 
technology platform for RF MEMS switches. This plat-
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form will serve Airbus Group business units, as well as any 
other company wishing to manufacture nPnT switches or 
custom circuits, such as tunable filters, switch matrices and 
switched delay lines.

New Starts
JitterLabs announced the launch of an independent test 
lab to characterize frequency sources, and a software-as-a-
service application for vendors of timing devices to manage 
their test data. For companies with limited characteriza-
tion capabilities, JitterLabs provides an independent test 
lab to characterize clock signals between 10 MHz and 7+ 
GHz, such as output by frequency-control devices, PLLs, 
PHYs, ASIC and test equipment. Available measurements 
include phase noise, jitter, Allan deviation, VCO modula-
tion bandwidth, power supply noise rejection and PLL jit-
ter transfer. Testing is billed at an affordable hourly rate. 
For companies who characterize their devices in-house, 
JitterLabs offers a software-as-a-service application to or-
ganize their test data, and make it accessible and useful to 
others.

Achievements
Anritsu Co. announced that its ME7873LA LTE-
Advanced RF Conformance Test System has obtained the 
world’s first LTE 3CA PTCRB certification. By obtain-
ing PTCRB certification for 3CA, the ME7873LA sup-
ports deployment of LTE 3CA downlink, expected to be 
available in North America by the end of the year. The 
certification is part of Anritsu’s ongoing commitment to 
be a leading developer of LTE-Advanced conformance 
test, and builds on previously announced 3CA capability 
for Carrier Acceptance Test in the ME7834LA Mobile 
Device Test System. A scalable GCF, PTCRB, and car-
rier-validated test system, the ME7873LA enables certi-
fication of 3G and LTE devices to industry and carrier 
standards.

ViaSat Inc., a global broadband services and technol-
ogy company, has received its first Supplemental Type 
Certificate (STC) from the FAA for its in-cabin distribution 
system. This is the first of two significant STCs ViaSat ex-
pects to obtain with respect to in-flight entertainment and 
connectivity, with the second STC anticipated in Q1 2016 
for its hybrid Ku/Ka-Band antenna system.

Contracts
Harris Corp. has received a $21 million order from a Latin 
American nation for Falcon III® tactical radios that will be 
used to establish high data rate networks as part of a mili-
tary communications modernization program. The order 
includes manpack, vehicular and base configurations of the 
Harris RF-7800H wideband tactical radio, which delivers 
expanded data capabilities in long-range, beyond-line-of-
sight environments. The radio transmits voice, images and 
other larger data files over thousands of kilometers. The 
nation is also acquiring handheld and vehicular configura-
tions of the Harris RF-7850M multiband networking ra-

dio – the first international radio to simultaneously support 
wideband communications, mobile ad-hoc networking and 
legacy narrowband waveforms.

MVG (Microwave Vision Group) announced a sig-
nificant contract (approximately €9 million) from PIT-
RADWAR S.A. for the purchase of a turnkey, state-of-the- 
art, antenna test facility in Poland. This new operation will 
include two large anechoic chambers, one with a Planar 
Near field scanner and the other with a compact antenna 
test range reflector and a highly accurate radar antenna 
positioner. Both chambers will be delivered as turnkey 
installations including RF instrumentation, computers 
and control software. The project, secured in cooperation 
with ORBIT/FR Europe GmbH and MVG’s Polish partner 
Tespol, is expected to span 18 months and will improve 
PIT-RADWAR’s capability to measure the next generation 
of radar antennas at their test and measurement facility in 
Kobyłka, Poland.

Mercury Systems Inc. announced it received a $2 million 
follow-on order from a leading defense prime contractor 
for high performance digital signal processing modules for 
a manned airborne synthetic aperture radar (SAR) applica-
tion. The order was booked in the company’s fiscal 2016 
first quarter and is expected to be shipped by its fiscal 2016 
second quarter.

Mitek announced that it has received reorders from two 
Mobile Deposit® partners, one in the U.S. and one in 
Canada, totaling $1.7 million.  These agreements closed 
in Mitek’s fiscal 2015 fourth quarter and consisted of $1.4 
million in software license revenue and $0.3 million in an-
nual maintenance revenue.

U.S. Navy researchers needed ferrite phase shifter mod-
ules for advanced radar development work. They found 
their solution from Microwave Applications Group Inc. 
in Santa Maria, Calif. Officials of the Naval Air Warfare 
Center Aircraft Division in Lakehurst, N.J., announced 
a $10.2 million contract to Microwave Applications for 
1,800 ferrite phase shifter RF and microwave modules, 
which researchers will use to develop a closed-loop pas-
sive electronically scanned array radar system. The ferrite 
phase shifter modules from Microwave Applications, as 
well as the closed-loop passive electronically scanned ar-
ray radar system under development, are for the Naval 
Air Systems Command’s Test Readiness Management 
Center’s Closed Loop Passive Electronically Scanned 
Array Project Office.

Thales Alenia Space signed a contract with French space 
agency CNES (Centre National d’Etudes Spatiales) cov-
ering the design and development phase for the Poseidon-
3C radar altimeter on the SWOT (Surface Water and 
Ocean Topography) satellite, new altimetry program that 
will demonstrate new applications. The contract signed to-
day covers the supply of a nadir altimeter (for vertical mea-
surement), along with the brand-new main instrument, the 
KaRIn (Ka-Band Radar Interferometer) wide-swath altim-
eter. The Poseidon-3C instrument will integrate the latest 
improvements from the Poseidon 3B instrument, already 
mounted in the Jason-3 satellite, to be launched shortly by 
a Falcon rocket.
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People
Copper Mountain 
T e c h n o l o g i e s 
(CMT) has hired two 
new employees to 
support the compa-
ny’s growth. Masud 
Al Aziz and Rick 

ss Masud Al Aziz ss Rick Hollowell Hollowell will both 
play strong roles 

when it comes to helping customers improve their radio 
frequency and microwave testing processes via the com-
pany’s affordable, lab-grade equipment. As the new senior 
applications engineer and RF specialist for CMT, Al Aziz 
brings extensive experience in microwave engineering, RF 
circuit design, antenna design and digital signal processing 
to the company. Hollowell is the new national business de-
velopment manager for CMT and will focus on expanding 
the company’s market position by implementing new stra-
tegic goals, enhancing key customer relationships and 
identifying new business opportunities.

Rep Appointments
BJG Electronics Inc. and Maury Microwave announced 
a North America and Europe distribution agreement 
whereby BJG will add Maury Microwave’s test cable and 
adapter portfolio to their line card. BJG will stock Maury 
Microwave Utility (UC) and Stability (SC) test assemblies 
and the full range of test adapters.

Custom MMIC announced the appointment of Aspen 
Electronics as their new technical representative cover-
ing the United Kingdom. Aspen Electronics was founded 
in 1974 and has an established team of high-tech profes-
sionals offering premium, state-of-the-art components and 
related technologies for the RF/microwave and wireless 
markets.

Modelithics Inc. announced a new partnership with Hi 
Tech RF & Microwave Solutions in Maarssen, Netherlands 
for Modelithics library sales and services representation. 
Larry Dunleavy, president and CEO of Modelithics, and 
Olaf Biezeman, managing director of Hi Tech, have signed 
a representation and reseller agreement for new business 
in Belgium, Netherlands and Luxembourg.  Hi Tech will 
offer convenient sales and coordination of support for 
Modelithics’ RF and microwave simulation model libraries 
and measurement services in the representation area.

RFMW Ltd. and XSYSTOR Inc. announced a distribution 
agreement. XSYSTOR Inc. provides universal sequencers, 
controllers and fast switches to support implementation of 
GaN transistors in the latest generation RF and microwave 
power amplifiers. Under the agreement, RFMW is fran-
chised for North America, Europe and the Middle East for 
XSYSTOR controllers and switches. XSYSTOR controllers 
incorporate voltage sequencers, modulators and voltage in-
verters to accommodate design alternatives in GaN transis-
tor circuit implementations.
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Richardson Electronics Ltd. announced a new global dis-
tribution agreement with Anokiwave, a provider of highly-
integrated silicon core chips and III-V front-end integrated 
circuits (IC). The agreement aligns with Anokiwave’s fo-
cus on supporting customers and new opportunities with 
highly-technical support to provide innovative solutions 
for the most challenging applications. Anokiwave is a pro-
vider of highly-integrated core chip and IC solutions that 
enables emerging millimeter wave and active electronically 
scanned array (AESA) markets. 

TechPlus Microwave Inc. announced the appointment 
of The Thorson Co. of Southern California as their 
new representative in southern California. The Thorson 
Co. of Southern California is a professional organization 
that is a manufacturer’s representative for RF/micro-
wave and electrical mechanical devices, components and 
subsystems supplying the military, aerospace and com-
mercial marketplace. The company’s current space level 
manufacturing process allows for delivery in as quickly 
as four weeks depending on the test requirements. 
TechPlus Microwave also announced the appointment of 
Microwave Component Marketing as their new repre-
sentative in Florida.

PLACES
EDI CON China announced that the China 
Electrotechnical Society’s (CES) Electromagnetic 
Technology Conference & Exhibition (EMC) will be co-
located on the 4th fl oor of the China National Convention 
Center (CNCC) taking place 19 to 21 April, 2016 in Beijing. 
The combined event forms the largest microwave, EMC/
EMI and high-speed digital conference and exhibition in 
Beijing. This is a natural extension of the EDI CON China 
event that already covers EMC/EMI topics but will now 
feature a comprehensive parallel conference and expanded 
exhibition. EDI CON China has formed a pavilion specifi -
cally for EMC/EMI companies on the exhibition fl oor to 
congregate similar companies in one area providing easy 
access for delegates and visitors.

Accel-RF Instruments Corp., a provider of turn-key 
reliability and performance characterization test systems 
for compound semiconductors, announced that it has 
opened a permanent offi ce on the East Coast. This new 
location will be focused on application support as well 
as equipment maintenance service, and will allow Accel-
RF to better serve existing and future customers in the 
Eastern United States. The new Accel-RF offi ce is located 
in the Innovation Center in Jackson Technology Park, at 
94 Jackson Road, Suite 106A, Devens, Mass., 01434. For 
more information, visit www.accelrf.com.

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

978.887.5 754 •  sa l es@h i l l en g.com

www.comtechpst.com/hill ISO 9001:2000

_11M06 FINAL.indd   64 11/2/15   8:39 AM

http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=64&exitLink=http%3A%2F%2Fwww.accelrf.com
http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=64&exitLink=mailto%3Asales%40hilleng.com
http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=64&exitLink=http%3A%2F%2Fwww.comtechpst.com%2Fhill


523 Rev E

Mini-Circuits®

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

$395from
Mini-Circuits’ programmable attenuators now support higher 
power requirements! New model RCDAT-3000-63W2+ 
provides attenuation control from 0 to 63 dB for input 
signals up to 2W from 50 to 3000 MHz, giving you  
more options and more capabilities. Our full line of 
programmable attenuators offers models with maximum 
attenuation from 30 to 120 dB and resolution as fine as 
0.25 dB – the widest range of level control in the industry! 
They’re perfect solutions for fading simulators, handover 
system evaluation, automated test equipment and more! 
USB, Ethernet (HTTP and Telnet), and RS232 control 

options provide setup flexibility and allow easy remote  
test management. All models come supplied with our 
user-friendly GUI software with the capability to sweep 
and hop attenuation levels. You can even save and recall 
test profiles with specific attenuation patterns, saving time 
and reducing operator errors.  A complete set of DLLs†† 

and programming instructions gives you the same 
capabilities through your own test software. Visit 
minicircuits.com for detailed specs, application notes, 
and more!  Place your order today and have them on  
your test bench as soon as tomorrow!

 0 to 120 dB       0.25 dB Step*   1MHz to 6 GHz†

RoHS compliant

                Programmable     

ATTENUATORS
USB & 

Ethernet 

 *Model RCDAT-3000-63W2+ specified step size 1 dB 
 † Model RCDAT-3000-63W2+ specified from 1 – 3000 MHz; 120 dB models specified from 1– 4000 MHz
††No drivers required. DLL objects for 32/64 bit Windows® environments using ActiveX® and .NET® frameworks.

Programmable     

ATTENUATORS

Now!

Power Handling

up to 2W

Models Attenuation Attenuation Step USB Ethernet RS232 Price
 Range Accuracy Size Control Control Control Qty. 1-9
RCDAT-3000-63W2+ 0 – 63 dB ±0.4 dB 1 dB ✓ ✓ - $895  
RUDAT-6000-30 0-30 dB ±0.4 dB 0.25 dB ✓ - ✓ $395
RCDAT-6000-30 0-30 dB ±0.4 dB 0.25 dB ✓ ✓ - $495
RUDAT-6000-60 0-60 dB ±0.3 dB 0.25 dB ✓ - ✓ $625
RCDAT-6000-60 0-60 dB ±0.3 dB 0.25 dB ✓ ✓ - $725
RUDAT-6000-90 0-90 dB ±0.4 dB 0.25 dB ✓ - ✓ $695
RCDAT-6000-90 0-90 dB ±0.4 dB 0.25 dB ✓ ✓ - $795
RUDAT-6000-110 0-110 dB ±0.45 dB 0.25 dB ✓ - ✓ $895
RCDAT-6000-110 0-110 dB ±0.45 dB 0.25 dB ✓ ✓ - $995
RUDAT-4000-120 0-120 dB ±0.5 dB 0.25 dB ✓ - ✓ $895
RCDAT-4000-120 0-120 dB ±0.5 dB 0.25 dB ✓ ✓ - $995

New! 2W Power Handling!

523revErcdat.indd   1 10/23/15   4:39 PMMWJMC_523REVE_1115.indd   65 10/29/15   8:18 AM

http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=65&exitLink=http%3A%2F%2Fwww.minicircuits.com
http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=65&exitLink=mailto%3Asales%40minicircuits.com
http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=65&exitLink=http%3A%2F%2Fminicircuits.com


PA Design Using Harmonic 
Balance  Simulation With 
Only S-parameters
Ivan Boshnakov
Microwave Design Engineer

While it is widely held that S-parameters alone combined with harmonic balance 
(HB) cannot simulate the power performance of transistors, this article describes 
a method for designing and simulating amplifi ers for maximum power using HB 
simulation, when the only available data is transistor S-parameters. The method 
is widely applicable when nonlinear transistor models are not available. It can 
also be very helpful even when the nonlinear models are available.

The amplifi er design methodology de-
scribed here is an extension of Steve 
Cripps’ load line approach,1-3 which was 

extended with the power parameters intro-
duced by Pieter Abrie.4 These techniques may 
be used to create useful approximations that al-
low HB simulation with transistors that do not 
have nonlinear models. This paper is a sequel 
to an earlier paper presented in April 2013 at 
ARMMS.5

Cripps’ original paper was published in 
1983 when HB simulation was not yet in use 
and load-pull measurements were the only 
option available for device characterization. 
When Cripps’ technical note was published, 
HB simulation was available but, among other 
problems, was very slow. The Cripps approach 
offered a much simpler way to design for high 
power. Cripps expressed a hope that the simple 
math of his approach should be incorporated 
in the general linear simulators “in much the 
same way that most of the currently available 
packages compute noise fi gure.”2 He also stat-
ed that with “some slightly innovative use” the 

approach could be applied when there is feed-
back, for multi-stage design and, potentially, 
for other amplifi er confi gurations. Unfortu-
nately, his approach was never implemented 
in any of the general simulators. It was, how-
ever, implemented in a more advanced form in 
the specialized MultiMatch Amplifi er Design 
Wizard6 developed by Pieter Abrie. Abrie pre-
sented the power parameters in his book4 and 
implemented them in MultiMatch for the de-
sign of Class A and Class AB amplifi ers.

The mapping functions of the power param-
eters lifted any restrictions associated with the 
transistor’s confi guration, including feedback, 
resistive loading, grounding node position, par-
allel cells or chips, reference plane issues and 
multiple stages. There are interesting similari-
ties with the noise parameters, such as series 
feedback allowing easier matching for maxi-
mum power.

Today, the HB simulations are as fast as the 
linear simulations were 20 years ago. While 
accurate nonlinear transistor models have 
been developed, they are still not provided 
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for many useful transistors. Abrie’s 
power parameters approach is a fully 
developed method which can easily 
be incorporated in any of the general 
simulators to speed up and enhance 
the design process for P1dB and Psat, 
especially when nonlinear models are 
not available.

0.5 to 2.5 GHz GaN PA DESIGN
The streamlined HB process6 was 

used to design a three stage power 
amplifier covering 0.5 to 2.5 GHz, 
using a 45 W GaN HEMT. In addi-
tion to the design process, the results 
of the HB simulations of the dynamic 
load lines for each stage will be shown. 
This will enhance the understand-
ing of the design process and explain 
how to extract the desired power from 
a transistor stage when a nonlinear 
model is not available.

Figure 1 shows the start of the 
design output stage design in the NI 
AWR Microwave Office® simulator. 
The nonlinear model of the transis-
tor and the tuners could be used to 
extract the impedances for maximum 
power and gain over the frequency 
band. Instead, only the S-parameters 
at the transistor’s Imax/2 are extracted. 
The S-parameters are then imported 
into MultiMatch to fit a linear mod-
el (see Figure 2). After defining the 
maximum current and voltage areas 
on the I-V curves (the clipping bound-
aries), the power parameters are used 
to extract the load-pull data (see Fig-
ure 3). Then the output network is 
synthesized to provide the load im-
pedance associated with the maxi-
mum pre-clipped power, followed by 
the input matching networks to pro-
vide maximum flat gain and stability. 
The MultiMatch layout is easily ma-
nipulated to the desired form, and the 

s Fig. 1  Output stage in Microwave Office.

s Fig. 2  Fitting a linear model to the 
S-parameters in MultiMatch.

s Fig. 3  Load-pull contours extracted in 
MultiMatch.

s Fig. 4  Output stage layout in Microwave 
Office.

_11M29 FINAL.indd   68 10/29/15   9:17 AM

http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=68&exitLink=http%3A%2F%2Fwww.etiworld.com
http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=68&exitLink=mailto%3Asales%40etiworld.com


mmW Solutions.  Enabling a new world

Anokiwave -  enabling your AESA

www.anokiwave.com

mmW III/V
Front Ends

AESA
ASICs

mmW Si
Core ICs

Anokiwave -  enabling your AESA 6-bit phase/amplitude control6-bit phase/amplitude control

Highly integrated silicon
Supports 4 radiating elements 
Single beam Tx, Dual beam Rx
7x7mm QFN, EAR99 Surface mount 7x7 mm QFN

AWS-0103 X-Band Silicon Radar Quad Core IC

Enables planar antenna design with
reduced system size, weight, and cost

Introducing the world’s most advanced AESA core chip solution 

C

M

Y

CM

MY

CY

CMY

K

AnokiwaveFullPgAESA_Main Issue.pdf   1   10/16/2015   10:12:40 AM

MWJANOKIWAVE1115.indd   69 10/29/15   8:18 AM

http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=69&exitLink=http%3A%2F%2Fwww.anokiwave.com


70   MICROWAVE JOURNAL  NOVEMBER 2015

TechnicalFeature

 3 In-house Testing Facilities
 A2LA Accredited:

Antenna Patterns

Cross Polarization

Radome Transmissivity

 Antenna & Radome Calibrations
 Antennas between 2-110 GHz
 Commerical & Military Radomes
 Target Simulation
 Radar Test & Alignment
 Radome & Array Performance
 Custom Test Plans
 Data Analysis & Reports

1125 Satellite Blvd. Ste. 100
Suwanee, GA 30024

+1-678-475-8300
sales@mitechnologies.com
www.mitechnologies.com

TEST SERVICES
Make Our Range, Your Range

point. The S-parameters of the GaN 
transistor were extracted in Micro-
wave Offi ce, and the S-parameters 
of the GaAs transistor were used in 
MultiMatch to create linear models 
for these transistors. With the voltage 
and current boundaries defi ned, the 
power parameters and synthesis were 
used to design the two driver stages to 
provide maximum power and fl at gain 
across the band. 

The driver schematic was imported 
into Microwave Offi ce, and the S-pa-
rameters of the two transistors were 
replaced with the nonlinear model for 
the Cree GaN transistor and the lin-
ear model for the GaAs HFET. Volt-
age and current meters were placed 

schematic and the 
layout are exported 
to Microwave Of-
fi ce (see Figure 4). 
With Microwave Of-
fi ce, the microstrip 
discontinuities are 
fully simulated, us-
ing either electro-
magnetic models or 
full electromagnetic 
simulation of parts 
of the layout. The 
nonlinear model 
and HB are used to 
simulate the powers 
of the fundamental 
and harmonic sig-
nals, the associated 
gain and gain com-
pression, currents, 
voltages and effi -
ciency. Using these 
simulations, small 
adjustments are 
made to achieve the 
best performance. 
After the output 
stage design is fi nal-
ized, two are com-
bined with hybrid 
couplers to form a 
balanced output.

Cree supplied nonlinear models 
for the GaN HEMT used in the de-
sign, with access to the voltage and 
current across the intrinsic generator, 
as shown in Figure 1. The simulation 
of the voltage and current – the dy-
namic load line (DLL) – across the 
intrinsic generator provides better vi-
sualization, understanding and design 
capability. The simulated DLLs across 
the band for Class A and Class AB bi-
asing at low power levels are plotted 
in Figure 5, showing that Class A bi-
asing provides the maximum voltage 
and current swing, hence maximum 
Psat. Compare these DLLs with the 
Class A and Class AB DLLs at Psat 
(see Figure 6). Figure 7 shows the 
Class A and Class AB Psat and power-
added effi ciency (PAE) simulations 
across frequency, with about the same 
results for the two bias conditions. 
This illustrates the validity of the de-
sign method.

The two-stage driver design uses 
a Cree GaN HEMT at the output, 
for which a nonlinear model is avail-
able, driven by a GaAs HFET, with 
only S-parameters at a Class A bias 

 Fig. 5  I-V curves and Class A and AB DLLs at low output power.
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F E AT U R E D  M I L I TA R Y  P O W E R  A M P L I F I E R S
MODEL NUMBER Freq (GHz) Freq (GHz) Gain (dB) Pout (Watts) PAE (%) Operation Voltage (V) Size (inches)

S
A
T

C
O

M

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

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

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

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

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

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

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

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

R
A

D
A

R

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

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

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

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

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

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

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

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

DM-HPX-800-102 8.8 9.8 50 900 35% 100 µs, 10% d.c. 50 9.0 x 6.00 x 1.65
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DM-HPX-50-101 9.9 10.7 50 50 30% 100 µs, 10% d.c. 40 3.6 x 3.40 x 0.67

E
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R
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N
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 W
A

R
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R
E

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

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

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

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

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

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

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

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

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

DM-HPX-50-102 8 11 50 50 30% CW 28 2.5 x 2.75 x 0.45
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because the networks are typically 
very complex, and the input networks 
also need to be optimized to provide 
equal drive. Typically, MMIC design 
kits provide linear and nonlinear mod-
els. Optimizing the initial circuit by 
using the linear models and checking 
the results using the nonlinear models 
provide for a better, faster and, argu-
ably, more accurate design approach. 
The optimum load line for maximum 
output power can also be optimized 
relatively quickly using the nonlinear 
model of the transistor, if the input 
power for the simulation is low.

The method of HB simulation of 
the DLL using the linear model can 
extract the optimum load impedance 
for maximum output power of Class 
A amplifi ers and, arguably, Class AB 
amplifi ers. The approach uses a linear 
transistor model driven by a tunable 
power source, an impedance tuner 
at the output and a gamma probe to 
place the impedance of the tuner on 
the Smith chart. 

This power amplifi er design was 
built (see Figure 10) and tested. The 
measured and simulated saturated 
output power are shown in Figure 11; 
in both cases, the output is approxi-
mately 48.5 dBm average. The mea-
sured and simulated large-signal gain 
are also similar, generally between 52 
and 54 dB from 500 MHz to 2.5 GHz.

across the intrinsic generators, with 
an M-probe at the output of the GaAs 
transistor. The nonlinear model was 
used to simulate the I-V curves and 
the DLLs of the GaN transistor stage 
(see Figure 8). Superimposed in the 
lower left corner of the plot are the 
boundaries that defi ne the pre-clipped 
maximum voltage and current swings 
of the GaAs transistor. The DLLs are 
shown inside these boundaries.

These load lines were simulated 
using the HB simulator and the lin-
ear model of the transistor. The input 
power levels were selected and tuned 
so that the DLLs of the GaAs transis-
tor stage just reach hard clipping. Fig-
ure 8 shows that the GaAs transistor 
is starting to compress after the GaN 
transistor is already in deep compres-
sion. The pre-clipped output power is 
typically 0.5 to 1 dB below P1dB. This 
confi rms that the GaAs stage has suf-
fi cient power to drive the GaN stage. 
The linear model of the GaAs transis-
tor was extracted from the S-parame-
ters in a special facility in MultiMatch. 
It is also possible to do this in Micro-
wave Offi ce. For the GaAs transistor, 
only the S-parameters were available; 
after using them to extract a linear 
model, the HB simulation was used to 
simulate and predict the pre-clipped 
maximum Class A output power. Fig-
ure 9 shows the simulated driver out-
put power, power gain and input re-
turn loss as well as the output power 
of the GaAs transistor, measured by 
the M-probe.

This method of simulating the 
DLL and the pre-clipped output pow-
er is also very useful when it is impor-
tant to provide proper loading to each 
cell of a multi-cell transistor or when 
multiple transistors are connected in 
parallel, as is typical in MMIC power 
amplifi ers. Optimization for the cor-
rect DLL is much faster when linear 
models are used. This is important 

 Fig. 8  I-V curves and the DLLs of the 
GaN and GaAs driver stages.
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the power deliverable by an amplifier 
stage. It is also useful when nonlinear 
models are available.

Pieter Abrie’s power parameters 
approach is fast and versatile, but it 
exists only in MultiMatch Amplifier 
Design Wizard. If the power param-
eters method is incorporated in the 
general-purpose simulators, it will 
complement this methodology and, 
in general, dramatically enhance 
RF/microwave amplifier design. For 
example, extracting full load-pull 
data and contours would be near-
instantaneous in many cases. While 
it is desirable to incorporate the 
power parameters in the general-
purpose simulators, the MultiMatch 
synthesis techniques and procedures 
are also required. These are the only 
real frequency and real world syn-
thesis techniques available in a com-
mercial software product. Incor-
porating them will provide unprec-
edented levels of productivity and 
creativity in the design of matching 
networks from inside the general-
purpose simulators.

The nonlinear models from Cree 
provide access to the voltage and cur-
rent across the intrinsic generator, 
which gives deeper insight to these 
design methods and approaches and 
greater versatility using them. Qorvo 
GaN transistor nonlinear models de-
veloped by Modelithics also do so. 
Hopefully, this capability will be of-
fered by other providers of linear and 
nonlinear models for RF/microwave 
transistors. n
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CONCLUSION
This article described a method for 

designing and simulating amplifiers 
for maximum power using HB simu-
lation, when the only available data 
are the S-parameters of the transis-
tors. The method is widely applicable, 
from low noise to high power ampli-
fiers, narrowband to multi-octave. It 
can be used any time nonlinear tran-
sistor models are not available and the 
designer must know and design for 

s Fig. 11  Measured vs. simulated saturated 
output power of the assembled amplifier.
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W-Band Active 3D Imaging 
System for Personal Security 
Inspection
Zheng Haitao, Zhao Guoqiang, Cheng Hang, Yu Liechen, Li Zhangfenga and Li 
Shiyong
Beijing Institute of Technology, Beijing, China

A W-Band active three-dimensional (3D) prototype imaging system for personal 
security inspection has a one square meter scanning area and demonstrates a 
cross-range resolution better than 0.5 cm.

Millimeter wave imaging techniques 
are often used for the detection of 
concealed weapons and contraband. 

Millimeter waves can penetrate clothing1 and 
image hidden items with high resolution. Unlike 
X-rays, millimeter waves are non-ionizing and, 
thus, more suitable for human body security 
screening.2 Millimeter wave imaging systems 
may be active or passive. Passive systems utiliz-
ing compact structures to identify temperature 
contrast are capable of performing real-time 
2D imaging but can’t easily detect dangerous 
items on the human body in an indoor environ-

ment.3 They are also unable to produce 3D im-
ages.4 Active systems allow the formation of a 
fully focused 3D image from data gathered over 
a 2D aperture optically or by using a Fourier 
transform.5 Existing active imaging systems op-
erate mainly in Ka-Band, driven by technology 
and cost. This limits their resolution. Terahertz 
technology offers the potential for high resolu-
tion and is a growing area of research, but the 
availability of stable sources and detectors at 
acceptable costs is a key limitation. In W-Band, 
on the other hand, good atmospheric absorption 
characteristics, short wavelengths and the abil-
ity to generate wide bandwidth signals offer the 
potential for high resolution without having to 
pay a considerable price.

This article describes an active, broadband 
3D imaging system operating in W-Band for 
personal security inspection. The prototype 
with a 1 × 1 m scan area and 3D wave number 
domain imaging algorithm6 is used to image 
specific items such as a small metal ball, knife 
and transportation card.

Imaging Algorithms
3D planar scan imaging is derived from ho-

lographic imaging based on the Fourier trans-
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s Fig. 1  Holographic imaging system configuration.
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where Dz is the targets’ maximum 
diameter in the range domain.

The system’s working frequency 
spans from 90 to 94 GHz with a 4 GHz 
bandwidth. The system can theoreti-
cally realize a 3D resolution of

form. The antenna continuously scans 
vertically and horizontally over the 2D 
scan plane to obtain a high quality im-
age, while signal bandwidth is used to 
obtain range (see Figure 1). A simpli-
fied diagram for a 3D active planar 
imaging system is shown in Figure 2. 
Data collection is performed by scan-
ning a transmitting source and receiv-
er over a rectilinear aperture that has 
targets within its field. Target locations 
and scattering coefficients are ob-
tained after mixing with a transmitter 
reference signal carrying the system 
delay and filtering.7 Vertical and hori-
zontal fast Fourier transforms (FFT) 
are performed and then compensated 
for the phase residual caused by an-
tenna velocity and reference range. 
After 2D Stolt interpolation and 3D 
inverse Fourier transforms, we obtain 
target scattering coefficients and im-
aging.

To ensure target integrity and ac-
curacy, the Nyquist sampling theorem 
must be considered during the planar 
3D imaging process:

( )Δ Δ ≤
π

=
λ

ω
x y

2
4k 4

(1)
max

min

where Dx and Dy represent the big-
gest vertical and horizontal sampling 
intervals, respectively, lmin denotes 
the shortest frequency wavelength 
and kv indicates the wave number.

To avoid range ambiguity, the cor-
responding time domain sampling 
rate should satisfy

=
Δ

≥f
1
t

c
2D

(2)s
z

s Fig. 2  3D planar aperture algorithm.
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on the signal and develop the image. 
The UI shows the results.

The W-Band antenna and detector 
are installed on a platform (see Fig-
ure 4). The scanning driver controls 
the antenna to continuously scan a 2D 
plane while counting the step size for 
the servo motor. In accordance with 

δ =z
c

2KT
(3)

δ = δ =
π

θ⎛
⎝⎜

⎞
⎠⎟

⎛
⎝⎜

⎞
⎠⎟ω

x y
2

2 2k sin
2

(4)

mid

where u is the antenna beamwidth.

Imaging System
The W-Band imaging system in-

cludes an RF front-end module, data 
acquisition module, 2D mechanical 
scanning platform, processing mod-
ule and a terminal user interface (UI), 
shown in Figure 3. The millimeter 
wave signal is generated using an os-
cillator, then transmitted and received 
with a small 19 degree beamwidth 
conical horn antenna. The data acqui-
sition and data processing modules act 

s Fig. 5  W-Band detector block diagram.
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intermediate frequency of 120 MHz. 
Following A/D conversion, the imag-
ing data is sent to the workstation for 
storage and processing.

SIMULATED AND MEASURED 
RESULTS

To verify the effectiveness of the 
theoretical analysis, a simulation was 
performed using eight ideal points. 
The system working frequency ranges 
from 90 to 94 GHz with a scan rate of 
1 m/s. The reference distance, Ro, is 
1.5 m. The simulation cuboid model 
(shown in Figure 6) has a spacing 
between points of 0.1 m. It assumes 
that the radar scattering cross section 
(RCS) of all scattering points is 1 m2

shown in Figure 5. A direct digital 
synthesizer (DDS) generates a 500 
MHz wide linear FM chirp. Mixing it 
with signals from the two phase-locked 
oscillators generates mid frequencies 
of 10.3 GHz and 10.285 GHz. After 
fi ltering and 8× frequency multipli-
cation, two 4 GHz bandwidth linear 
FM signals are obtained. The 90 to 94 
GHz signal is used for transmit, while 
the 89.88 to 93.88 GHz signal is the 
reference for down-conversion to an 

the sampling interval, a trigger con-
trols the antenna send-and-receive 
synchronizing signal for data acquisi-
tion. The source is connected to the 
receiver with a phase-stable cable, 
ensuring stability of the local oscilla-
tor signal during mechanical scanning. 
The workstation reads and processes 
the stored 3D data gathered by the 
transceiver and reconstructs the 3D 
image.

A block diagram of the detector is 

 Fig. 8  3D image in Cartesian coordinate 
system.
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resolution of the ball with strongest 
RCS is approximately �x = 0.36 cm, 
�y = 0.48 cm, respectively (see Figure 
10). Due to the features of a volumet-
ric object versus an ideal point, this is 
estimated. Figure 10 shows the radius 
of the ball leads to a mismatch of the 
mainlobe and sidelobe. This may be 
due to a phenomenon similar to main-
lobe splitting.

Different objects, including scis-
sors, a knife and a transportation card 
were also tested. In Figure 11, for 
example, a tiny structure between 
the blade and corkscrew of the knife 
is easily seen, and the image is clear 
enough to differentiate the knife and 
scissors. Figure 12 shows that the sys-
tem can penetrate the plastic cover 

errors, and the range resolution can 
be improved by widening the signal 
bandwidth.

Test results from a 90 GHz proof-
of-principle prototype built with a 
1 × 1 m scanning area. are shown in 
Figures 9 through 12. Figure 9 com-
pares the images of 10, 1 cm radius 
metal balls embedded in a foam plate. 
Target location features, such as spac-
ing, ball position and slant angle are 
clearly identifi ed. The cross-range 

and uses the wave number domain 
imaging algorithm to image them in 
the cross-range plane (2D image) and 
Cartesian coordinate system (3D im-
age). As shown in Figures 7 and 8, 
the scattering points are located at the 
dotted line intersection. The imaging 
results in three directions is clear, with 
a 30 dB dynamic range and each sin-
gle scattering point’s sidelobe feature 
close to a sinc function. The image is a 
little out of focus due to velocity effect 

 Fig. 10   Metal ball return on x-y cross-
range plane.
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of a transportation card and image its 
chip in the top right corner, demon-
strating that the system has penetra-
bility. With planar imaging precision, 
the strip on the card is also discerned, 
which highlights the system’s capabil-
ity to identify plastics as well as metal 
items.

Industry-leading LNAs
Check out our growing library of LNAs that 
quietly perform without input protection. 

Lowest noise
Highest power handling

CustomMMIC.com

 Fig. 11  Optical (a) and W-Band (b) 
images of scissors and knife.
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CONCLUSION
A prototype W-Band imaging sys-

tem for security inspection provides 
large angle illumination of a target in 
the near fi eld with a broadband fre-
quency sweep. After compensating 
for channel error, high quality im-
ages of several different targets have 
been generated by the system. Test 
results prove its feasibility for obtain-
ing detailed and accurate images of 
small carry-on objects such as a plas-
tic transportation card, a folding knife 
and scissors. ■
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Design of Wide Stopband 
Microstrip Bandpass Filter 
Using Bandstop Centrally 
Embedded Resonators
Guoan Wu, Chao Guo, Qinfen Xu and Wenguang Li
Huazhong University of Science and Technology, Wuhan, China

A compact second-order microstrip bandpass filter with good frequency 
selectivity and a wide stopband consists of two dissimilar half-wavelength 
stepped impedance resonators (SIR) with centrally-embedded bandstop 
resonators. By adding one short-circuited stub, wideband spurious suppression 
is realized. Design and synthesis procedures are provided. Measurement is in 
good agreement with simulation. It exhibits a fractional bandwidth of 7.7 percent 
at 2.07 GHz with 17.4 dB of suppression from 2.25 up to 20 GHz. The size of 
the filter is only 0.19 × 0.19 lg (where lg is the guide wavelength at center 
frequency) without the use of any lumped elements.

Microstrip bandpass filters (BPF) with 
low insertion loss, compact size, high 
frequency selectivity and a wide stop-

band are essential components in the design of 
receivers and transmitters for microwave and 
wireless communication systems; however, 
they often suffer from spurious responses at 
multiples of their fundamental frequencies. 
Various methods have been proposed to sup-
press these responses. A compact, wide stop-
band, bandpass filter realized by bending the 
resonators to suppress harmonics was pro-
posed by Hsu and Tu,1 but only the second- 
and third-order harmonics were eliminated. 
Kuo et al.,2 obtained a wide stopband using 
both stepped-impedance resonators and band-
stop structures. With the assistance of two spur 
lines, the stopband performance was further 
improved.3 By properly arranging the spurious 
harmonic frequencies of each resonator with 
an embedded transformed radial stub (TRS), 
an ultra-wide stopband with deep rejection has 
been realized.4 Wu et al.,5 developed a BPF 
consisting of two half-wavelength resonators 
loaded with two short-circuited stubs at both 

central planes, in order to provide more trans-
mission zeros in the stopband. A zero-degree 
feed structure incorporated into the design of 
the microstrip filter added two transmission 
zeros, improving frequency selectivity.6

This article describes a compact second-
order BPF with good frequency selectiv-
ity and a wide stopband. It is composed of 
two dissimilar half-wavelength SIRs with a 
bandstop resonator embedded into each SIR 
central plane. The bandstop resonators have 
different frequency ranges and one of them 
is loaded with a short-circuited stub to elimi-
nate undesired spurious.

FILTER DESIGN
The filter layout is shown in Figure 1 with 

dimensions (in mm and degrees): r1 = 9.1, r2 
= 5, r3 = 10, r4 = 7.45, d1 = 0.34, d2 = 0.8, m1 
= 0.9, m2 = 3.2, m3 = 1, m4 = 0.25, m5 = 1, 
m6 = 2.45, l1 = 0.6, l2 = 1.4 , l3 = 1.36, l4 = 
0.5, l5 = 4.5, f1 = 0.5, f2 = 1, deg1 = 42, deg2 
= 5, deg3 = 22, deg4 = 5, deg5 = 5 and deg6 = 
30. Both the input and output impedances of 
the feed structure are 50 V.
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fundamental resonant frequency but 
different spurious (harmonic) reso-
nance frequencies, several higher-or-
der spurious frequency bands are sup-
pressed. Moving the right SIR up ver-
tically by d2 is another way to suppress 
spurious frequency bands. It reduces 
the coupling between higher-order 
spurious resonances, while coupling 
between the fundamental resonances 
remains unchanged. The SIRs are also 
used to push spurious harmonics to a 
higher frequency region. As a result, 
stopband characteristics are improved 
in the lower stopband but worsen in 
the higher stopband. The SIR struc-
ture exhibits a slow-wave characteris-
tic to reduce the circuit size.

Figure 3a shows the physical lay-
out of one microstrip bandstop reso-
nator structure, which consists of a 
coupling section and   a shunt open-
circuited resonator. Its dimensions 
(in mm) are: a1 = 4.72, b1 = 5.79, c1
= 5.32, e1 = 0.33, g1 = 0.14, g2 = 0.2, 
w1 = 5 and w2 = 0.7. To widen the 
upper stopband, a slot line is embed-
ded into the shunt open-circuited 
resonator. Shown in Figure 3b, this 
bandstop   structure is modifi ed from 
Hsieh and Wang.8 They reported that 
the coupling section and shunt open-
circuited resonator are a quarter 
guided-wavelength long at the center 
frequency. In this work, the lengths 
of the coupling section and shunt 
open-circuited resonator are not 
fi xed at quarter guided-wavelength, 
allowing greater design freedom in 

associated external quality factor and 
coupling coeffi cients are

Q Q
g g

FBW
8.66, (1)

M
FBW

g g
0.128

ei eo

12

0 1

1 2

= = =

= =

where g0, g1 and g2
are the element val-
ues of the lowpass 
prototype fi lter, and 
FBW is the fraction-
al bandwidth. EM 
simulation software 
is employed to es-
tablish the required 
design curves for ex-
ternal quality factor 
and coupling coef-
fi cients and to de-
termine the physi-
cal dimensions. The 
SIRs and bandstop 
resonators are well 
characterized and 
their frequency re-
sponses evaluated 

and adjusted. To analyze the perfor-
mance of the BPF, frequency re-
sponses of each structure are studied 
separately.

As shown in Figure 2, the fi lter 
exhibits two transmission zeros close 
to the passband, formed by a zero-de-
gree feed structure.6   The transmission 
zeros signifi cantly improve frequency 
selectivity. By properly arranging the 
impedance ratio and length ratio of 
each SIR, both of which have the same 

The second-order fi lter is designed 
using coupled-resonator procedures.7 
The design parameters are deter-
mined for a Chebyshev response with 
a center frequency of 2.02 GHz, re-
turn loss of about 20 dB and a frac-
tional bandwidth of 7.7 percent. The 

 Fig. 1  Filter layout.
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tuned to suppress the lower spurious 
SIR harmonics.

To extend the stopband, another 
slot-loaded bandstop resonator with 
a higher frequency response is in-
troduced (see Figure 4). Figure 4a 
shows the physical layout with di-
mensions (in mm): a2 = 3.9, b2 = 4.4, 
c2 = 3.9, e2 = 0.45, g3 = 0.4, g4 = 0.2, 
w3 = 4 and w4 = 1. Figure 4b shows 
the simulated frequency response. It 
exhibits better than 10 dB rejection 
from 7 to 20 GHz. With this structure 
to suppress the higher SIR spurious 
harmonics, one may implement a 
compact BPF with a widely extended 
stopband.

The circuit confi guration and 
performance of the second-order 
microstrip fi lter is shown in Figure 
5. Two variable-sized slot-loaded 
  bandstop  resonators are embedded 

locating the transmission zeros to 
achieve a wider stopband and pro-
vide higher rejection. This structure 
exhibits a stopband from 4.2 to 13.4 
GHz with   rejection better than 10 
dB (see Figure 3b). Figure 3c shows 
the simulated frequency response 
of a slot-loaded bandstop resonator 
where another transmission zero, de-
termined by the slot line dimensions, 
is used to extend the stopband to 15.6 
GHz. A bandstop embedded resona-
tor (BER) is formed by embedding 
the bandstop structure into the cen-
ter of the SIR. This structure can be 

 Fig. 3  Single microstrip bandstop 
structure (a) with simulated responses of 
bandstop resonator (b) and slot-loaded 
bandstop resonator (c).
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 Fig. 4  Second microstrip bandstop 
structure (a) with simulated frequency 
response (b).
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 Fig. 5  Simulated frequency response of 
the fi lter with SIRs and slot-loaded bandstop 
resonators.
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quencies of the upper stopband are 
suppressed by greater than 19.8 dB 
from 2.23 to 20 GHz.

EXPERIMENTAL RESULTS
The BPF (see Figure 7) was fab-

ricated on Rogers 5880 substrate, 
with dielectric constant, loss tangent 
and thickness of 2.2, 0.0009 and 0.76 
mm, respectively. Simulation was 
performed with ANSYS HFSS 15.0 
EM simulation software, and perfor-
mance was measured with an Agilent 
N5244A network analyzer. Figure 
8 shows simulated and measured S-
parameters of the second-order BPF. 
The measured center frequency was 
2.07 GHz, which was shifted up by 50 
MHz compared with the simulation 
(see Figure 8a). This is attributed to 

into the SIRs at both central planes. 
These are key to broadening the stop-
band and making the circuit com-
pact. By properly arranging the band-
stop structures, the center frequency 
(f0) of the filter is reduced with no 
insertion loss degradation in the 
passband. To analyze stopband per-
formance, f0 is set to 2.02 GHz (the 
same value shown in Figures 2 and 
5). Since the structure of each BER 
in Figure 5 is symmetrical, odd- and 
even-mode analysis can be adopted. 
For odd-mode excitation, there is a 
voltage null along the symmetrical 
plane of each BER. The signal to the 
shunt open-circuited resonators in 
the bandstop structures is shorted to 
ground and the odd harmonics have 
a low degree of suppression, about 
13.08 dB. If the symmetrical plane 
of each BER is replaced with a mag-
netic wall for even-mode excitation, 
the even harmonics are eliminated 
effectively by the bandstop struc-
tures. The first even-mode spurious 
passband (with about 11.32 dB sup-
pression), however, occurs at 2.85 
GHz because the frequency is not in 
the stopband range of the bandstop 
resonators. By attaching a short-
circuited stub to the left BER while 
keeping the right BER unchanged 
(see Figure 1), symmetry of the left 
BER is destroyed, and this disturbs 
the even- and odd-mode excitations. 
Some harmonics of the left BER are 
shorted to ground through the via-
hole, thus eliminating undesired re-
sponses. The effect of the stub on the 
passband frequency response can be 
ignored. The simulated microstrip 
bandpass filter frequency response in 
Figure 6 shows that the spurious fre-

s Fig. 7  Fabricated bandpass filter.

s Fig. 8  Simulated vs. measured filter 
response from DC to 20 GHz (a) and 1.4 to 
2.8 GHz (b).
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s Fig. 6  Simulated frequency response of 
the proposed filter with SIRs, slot-loaded 
bandstop resonators and a short-circuited 
stub.
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quency), low insertion loss, good fre-
quency selectivity and compact size. 
The circuit’s area was only 0.19 × 0.19 
lg, where lg is the guided wavelength 
at 2.07 GHz. These features make it 
attractive for use in modern wireless 
communication systems.

This work was supported by the 
National Natural Science Foundation 
of China (grant 61001012). n
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CONCLUSION
By leveraging the intrinsic charac-

teristics of SIRs and bandstop cen-
trally embedded resonators, and with 
the assistance of one short-circuited 
stub, an effective second-order BPF 
with good passband performance and 
a wide stopband has been demon-
strated. The filter design achieved an 
ultra-wide stopband (greater than 10 
times the fundamental operating fre-

tolerances in fabrication and assem-
bly. Measured minimum insertion loss 
and 3 dB fractional bandwidth in the 
passband were about 1.39 dB and 7.7 
percent, respectively. A passband re-
turn loss greater than 23 dB was also 
achieved. Two transmission zeros, lo-
cated at 1.82 GHz and 2.41 GHz, im-
prove frequency selectivity. Spurious 
harmonics were suppressed by great-
er than 17.4 dB from 2.25 to 20 GHz.
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ProductFeature

Today most MMIC power amplifi ers (PA) 
operate with narrowband matching cir-
cuits, usually offering no more than 10 

percent operational bandwidth. Market empha-
sis on wireless communication has driven the 
semiconductor industry to focus design efforts 
on these narrow wireless bands. Consequently, 
design activity on wideband performance in 
MMIC PAs has waned. Unfortunately, narrow-
band designs are not practical for wideband ap-
plications such as VHF/UHF radio, instrumen-
tation and software-defi ned radios.

Where does this leave the engineer design-
ing for wideband applications? The need for 
more versatile performance in MMIC PAs is 
still evident, and this need creates a basis for 
developing an application circuit to increase 
the bandwidth of MMIC amplifi ers that usu-
ally employ narrowband matching. This ar-
ticle discusses an application circuit for Mini-
Circuits’ GVA-91+ MMIC PA and presents 
test results demonstrating excellent amplifi er 
performance signifi cantly beyond the specifi ed 
operating frequency range.

Mini-Circuits’ model GVA-91+ is a high ef-
fi ciency GaAs HBT PA that operates with +5V 
bias and is packaged in the industry standard 
SOT-89. The GVA-91+ offers excellent perfor-
mance over the cellular and LTE bands. With 
excellent matching, the PA delivers +29 dBm 
output power at 1 dB compression (P1dB) from 
869 to 960 MHz and +27 dBm over 2110 to 
2170 MHz. Power-added effi ciency (PAE) at 
P1dB is 41 to 54 percent over these bands. This 
level of performance, however, is restricted to 
the narrow bandwidths defi ned by the match-
ing circuits.

To improve and extend the usability of the 
amplifi er in a greater variety of applications, 
Mini-Circuits developed a board-level circuit 
that uses the GVA-91+ in a balanced confi gu-
ration. Such a confi guration using 90° hybrids 
offers excellent matching, limited only by the 
matching performance of the hybrids. Any 
mismatches introduced by the amplifi ers, at 
either the input or output, will largely be dis-
sipated in the load of the isolated port of the 
90° hybrids. The balanced confi guration also 
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ers 4350B. A schematic and photo-
graph of the assembled application 
circuit are shown in Figures 1 and 2, 
respectively, and the bill of material is 
provided in Table 1.

measured RESULTS
The amplifier’s small-signal perfor-

mance from 300 to 600 MHz is shown 
in Figures 3, 4 and 5. The measure-
ment reference planes are at the in-
terface of the SMA connectors and 
the coaxial cables that connect the ap-
plication circuit to the vector network 

delivers approximately 3 dB higher 
output power than the individual am-
plifiers, while maintaining the same 
gain as a single amplifier.

To demonstrate this approach, 
a proof of concept design was cre-
ated using the GVA-91+ outside of its 
normal frequency band. To keep the 
circuit small, the design used Mini-
Circuits’ QCN series of LTCC 90° 
hybrids, which are housed in 1206 
packages. The QCN series comprises 
34 models with frequency bands span-
ning 330 MHz to 4.5 GHz and each 
model covering about a 2:1 band-
width. Bandwidth is limited by the 
amplitude and phase unbalances in-
trinsic to the non-ideal 90° hybrid.

As the bandwidth of the balanced 
PA is limited primarily by the hybrids, 
using the QCN series in the applica-
tion circuit enables designs to cover a 
range of octave frequency bands. For 
this article, the prototype used the 
QCN-5+ hybrid, which covers 330 
to 580 MHz. The GVA-91+ PA and 
QCN-5+ hybrids were assembled in 
a 50V microstrip circuit on a printed 
circuit board using 0.010" thick Rog-

s Fig. 1  Balanced amplifier schematic.
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TABLE 1
BALANCED AMPLIFIER BILL OF MATERIAL

Component Value/Part Number Size/Package

A1, A2 Mini-Circuits GVA-91+ SOT-89

PD1, PD2 Mini-Circuits QCN-5+ 1206

L1, L2 180 nH 0603

C1 – C6 0.001 µF 0402

R1, R2 49.9 Ω 1206

R3 0 Ω 1206

s Fig. 2  Balanced amplifier prototype.
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fi ciency. Compared to the individual 
GVA-91+, which has 45 percent PAE 
at 920 MHz, the balanced confi gura-
tion achieves a PAE of 27 percent at 
500 MHz. Nonetheless, this compares 
favorably to the effi ciency obtained 
using other wideband amplifi er de-
sign topologies, such as the Darling-
ton confi guration.

analyzer. The small-signal plots com-
pare the balanced PA to an individual 
GVA-91+ without an external match-
ing circuit. Figure 3 shows that the 
mismatches of the individual ampli-
fi ers degrade their gain; the small-sig-
nal gain of the balanced confi guration 
is slightly higher than that of a stand-
alone amplifi er. The return loss plots 
in Figures 4 and 5 show the expected 
improvement from the balanced am-
plifi er compared to the individual 
GVA-91+. The balanced confi gura-
tion maintains 13 dB or better input 
return loss and output power over a 
2:1 bandwidth.

The other advantage of the bal-
anced confi guration is increased out-
put power. Figures 6 and 7 compare 
the output power at 1 and 3 dB com-
pression to that of a single GVA-91+. 
From 300 to 600 MHz, the balanced 
amplifi er delivers approximately 2 dB 
higher output power than a stand-
alone GVA-91+. However, a design 
tradeoff is reduced power-added ef-

 Fig. 7  Output power at 3 dB compression 
of the single unmatched GVA-91+ compared 
to the balanced amplifi er.
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 Fig. 5  Output return loss of the single 
unmatched GVA-91+ compared to the 
balanced amplifi er.
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 Fig. 6  Output power at 1 dB compression 
of the single unmatched GVA-91+ compared 
to the balanced amplifi er.
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 Fig. 3  Small-signal gain of the single 
unmatched GVA-91+ compared to the 
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Model Freq. - min Freq. - max Power Gain Supply 

     (Part Number) (MHz) (MHz) (Watts) (dB)    (dc) 

M10207B3 500 2500 50 50 48 

M10212B3Q2 800 1000 200 40 28 

 M10024B 100 1000 80 40 28 

 M10213B4 850 2100 150 50 48 

M10004A2 20 1000 10 45 28 

M10046B4 2000 18000 5 40 28 

M10028B4 1000 6000 5 40 28 

Model Freq. - min Freq. - min Freq. - max Freq. - max Power Gain Supply Supply 

     (Part Number)      (Part Number) (MHz) (MHz) (MHz) (MHz) (Watts) (Watts) (dB) (dB)    (dc)    (dc) 

M10207B3 500 2500 50 50 48 

M10212B3Q2 800 1000 200 40 28 

 M10024B 100 1000 80 40 28 

 M10213B4 850 2100 150 50 48 

M10004A2 20 1000 10 45 28 

M10046B4 2000 18000 5 40 28 

M10028B4 1000 6000 5 40 28 

Model Freq. - min Freq. - max Power Gain Supply 

     (Part Number) (MHz) (MHz) (Watts) (dB)    (dc) 

A10200A3Q2 500 2500 50 50 48 

A10024B3Q2 100 1000 150 50 28 

A10027B3 30 512 150 40 28 

 A10031B3 2000 6000 5 40 28 

A10017B3Q2 200 2200 100 50 48 

A10056B4  1000 1600 500 PK 40 48 

A10067B4 6000 10000 25 40 48 

Model Freq. - min Freq. - min Freq. - max Freq. - max Power Gain Supply Supply 

     (Part Number)      (Part Number) (MHz) (MHz) (MHz) (MHz) (Watts) (Watts) (dB) (dB)    (dc)    (dc) 

A10200A3Q2 500 2500 50 50 48 

A10024B3Q2 100 1000 150 50 28 

A10027B3 30 512 150 40 28 

 A10031B3 2000 6000 5 40 28 

A10017B3Q2 200 2200 100 50 48 

A10056B4  1000 1600 500 PK 40 48 

A10067B4 6000 10000 25 40 48 

Model Freq. - min Freq. - max Power Gain Supply 

     (Part Number) (MHz) (MHz) (Watts) (dB)    (ac) 

R10204B4Q4 700 1000 350 50 120/240 

R10205B4Q4 1700 2700 250 50 120/240 

 R10202B4Q8 400 1000 1000 PK 50 120/240 

 R10202A4 7000 10000 5 50 120/240 

R10207B5Q8 20 500 1000 60 120/240 

R10201A2 2000 18000 5 40 120/240 

R10244B 8000 10000 25 45 120/240 

Model Freq. - min Freq. - min Freq. - max Freq. - max Power Gain Supply Supply 

     (Part Number)      (Part Number) (MHz) (MHz) (MHz) (MHz) (Watts) (Watts) (dB) (dB)    (ac)    (ac) 

R10204B4Q4 700 1000 350 50 120/240 

R10205B4Q4 1700 2700 250 50 120/240 

 R10202B4Q8 400 1000 1000 PK 50 120/240 

 R10202A4 7000 10000 5 50 120/240 

R10207B5Q8 20 500 1000 60 120/240 

R10201A2 2000 18000 5 40 120/240 

R10244B 8000 10000 25 45 120/240 

Hundreds of standard amplifiers in our online catalog 
CW or Pulse - Class A, AB - Narrowband, Wideband 

WWW.ELITERFLLC.COM 
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www.WeinschelAssociates.com
19212 Orbit Drive
Gaithersburg, MD 20879
Voice: 301.963.4630
Fax: 301.963.8640
RF@WeinschelAssociates.com

Visit our new website with interactive catalog and online RFQ!

• Fixed Attenuators
• Terminations
• Variable Attenuators
• Power Dividers/Splitters 
• RF Adapters 
• DC Blocks 
• RF Tuners 
• DC to 50 GHz 
• 1 watt to 1000 watts
• Custom Solutions 

Covering Your Spectrum
IMPROVED PERFORMANCE

This application circuit was de-
signed to give designers flexibility 
when using the GVA-91+ or any SOT-
89 MMIC amplifier that normally 
requires narrowband matching but is 
capable of delivering excellent perfor-
mance over a much wider frequency 
range. The application circuit will in-
crease the output power compared to 
a single amplifier specifically designed 
for wideband operation, such as Mini-
Circuits’ PHA, PGA and GALI series 
and other members of the GVA fam-
ily. In addition to higher output pow-
er, the design improves the matching 
compared to the performance of an 
unmatched GVA-91+ over the same 
frequency band.

The QCN series of LTCC 90° hy-
brids has a common footprint for mod-
els spanning 330 MHz to 4.5 GHz, so 
simply changing the 90° hybrid and 
amplifier, with proper modification of 
the bias circuit, enables designers to 
easily adjust the frequency coverage 
of the PA design.

The performance of this design can 
be improved further, and the bill of 
material reduced, with a dual matched 
amplifier in a single package. Mini-
Circuits is developing a dual amplifier 
integrated circuit that combines two 
GVA-91+ die into a single package. 
This will improve amplifier matching 
by minimizing effects introduced by 
minor process variations.

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

Passive Components:  
Dividers, Couplers, Combiners

Live Webcast: 11/17, 11:00am ET
Presented by:  
Dr. Robert Froelich, Besser Associates

Sponsored by: 

For more information,
Visit www.mwjournal.com

Mini-CircuitsMini-Circuits®

ISO 9001    ISO 14001    AS 9100

SAW�for
Defense�&�Space

90�Wolcott�Rd.��Simsbury,�CT�06070�� � �(860)�651-0211

Integrated�Microwave�Assemblies�for
IF�signal�processing�with�SAW’s
exceptional�performance:
�•�state-of-the-art�design
�•�high�freq�selectivity
�•�high�dynamic�range
��•�MIL�&�space�qual
�•�minimal�SWaP
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HUBER+SUHNER AG 9100 Herisau/Switzerland
HUBER+SUHNER INC. Charlotte NC 28273/USA

High performance solutions
 
HUBER+SUHNER’s wideband vehicle antennas (380-6000 MHz) are an essential part of today’s 
sophisticated RF systems used in tactical communication and electronic countermeasure (ECM)  
applications.  

HUBER+SUHNER Eacon stands for a simple, flexible and fast way to assemble MW cables and  
connectors in the field without compromises to the best performance. The light and waterproof  
assemblies are built for frequencies up to 18 GHz .

 ›aerospacedefense.hubersuhner.com
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Join Network Operators, Wholesale Infrastructure Providers, System Integrators, 
Equipment Manufacturers and Venue/Building Owners for Cutting-Edge Information on:

» Global DAS and small cells market analysis 
and emerging trends

» The pros and cons of DAS versus small cells
» LTE/UMTS performance in a hybrid DAS 

(acti ve vs. passive)
» Retrofi tti  ng legacy DAS to support new 

technologies and spectrum
» The role of wholesale infrastructure in deploying 

DAS and small cells

» Ways to leverage DAS for public safety requirements

» HetNet in the C-RAN evoluti on path

» The value propositi on of Evolved Multi media 
Broadcast Multi cast Service (eMBMS)

» Antennas for in-building DAS MIMO networks

» Network Functi ons Virtualizati on (NFV) technology

www.DAScongress.com/Europe

The Preeminent Event for In-Building/Outdoor Coverage 
and Capacity Solutions

Meeting the Growing 
Demand for Anytime,

Anywhere Access to 
Mobile Data Services

ACI’s 8th Annual

8-10 December 2015
Sheraton Munich Arabellapark Hotel, Munich, Germany Valued Media Partner:

Founding Sponsor:

Associate Sponsors: Exhibitors:

Performance Critical

CMYK VERSION
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3-7 OCTOBER 2016

FIVE DAYS ONE EXHIBITIONTHREE CONFERENCES  

EUROPE’S PREMIER 
MICROWAVE, RF, WIRELESS 

AND RADAR EVENT

SUBMIT YOUR PAPER
ONLINE NOW!

Submit summaries online at
www.eumweek.com by 5th February 2016

EUROPEAN MICROWAVE WEEK 2016
EXCEL LONDON, UK
3 - 7 OCTOBER 2016

To electronically submit a technical paper for one or  
more of the three conferences, all you have to do is:

1. Log on to www.eumweek.com
2. Click on ‘Conferences’ to view the  

individual conference topics
3. Click on ‘Paper Submission’ for author’s  
instructions on how to submit a summary

That’s all there is to it, so log on now!

www.eumweek.com

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

Official Publication: Organised by: Supported by: Co-sponsored by: Co-sponsored by:
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using           app
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The 71 to 76 GHz and 81 to 86 GHz 
frequency spectrum, widely known as  
E-Band, is allocated for ultra-high ca-

pacity point-to-point communications world-
wide. E-Band communication systems offer 
full-duplex network connectivity at data rates 

from 1 to 10 Gbps for links of several miles. 
Between the 71 to 76 GHz and 81 to 86 GHz 
bands, 76.5 and 79 GHz have been allocated 
to automotive radar. Reliable and high perfor-
mance amplifiers are key components in these 
systems.
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E-Band Low Noise 
and Power Amplifiers
SAGE Millimeter Inc.
Torrance, Calif.

TABLE 1
LOW NOISE AMPLIFIER SPECIFICATIONS

Model Number

Parameter Units SBL-6039033050-1212-E1 SBL-7138632040-1212-E1

RF Frequency Range GHz 60 to 90 71 to 86

Small Signal Gain dB 30 20

Noise Figure dB 5 4

Output P1dB dBm -5 -5

Input/Output VSWR	 3.5:1 3.5:1

Typical DC Bias V / mA +5 to 12/30 +5 to 12/30

Size in 1.50  1.10  0.75 1.50  1.10  0.75

Weight oz 1.5 1.5
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• 16 dB & 360° Dynamic  Range
• RF Input Power 1 Watt max. 
• 16.0 dB max. Insertion Loss
• 2.2:1 max. VSWR
• Attenuation vs. Frequency 
  ±1.17 dB @ 0 dB Attenuation
    ±2.72 dB @ 16 dB Attenuation
• Phase vs. Frequency
  ±8.28° @ 0 dB Attenuation
  ±19.92° @ 16 dB Attenuation
• ±12V to ±15V @ +95 mA, -78 mA
• 2 X 12 Bit (I & Q) TTL Control
• Linear Control Slopes
•• 500 nsec max. Switching Speed
• Size: 4.25” X 3.50” X 1.00”

PMI MODEL No: PIQ-2G18G-360-16-CD-1
BROADBAND IQ VECTOR MODULATOR

BROADBAND PHASE SHIFTER

CUTTING-EDGE 
2.0 to 18.0 GHz TECHNOLOGY 

Amplifiers

Attenuators - Variable

DLVA & ERDLVA &
SDLVA’s

DTO’s & Frequency
Synthesizers

FiltersFilters

Form, Fit & Function
Products

IFM’s & Frequency
Discriminators

Integrated MIC/MMIC
Modules

I/Q I/Q Vector Modulators

Limiters & Detectors

Log Amplifiers

Pulse & Bi-Phase
Modulators

Phase Shifters

Rack & Chassis Mount
ProductsProducts

Receiver Front Ends &
Transceivers

Single Sideband 
Modulators

SMT & QFN Products

Solid-State Switches

Switch MatricesSwitch Matrices

Switch Filter Banks

Threshold Detectors

USB Products

West Coast Operation:
4921 Robert J. Mathews Pkwy, Suite 1

El Dorado Hills, CA 95762 USA
Tel: 916-542-1401    Fax: 916-265-2597

East Coast Operation:
7311-F Grove Road

Frederick, MD 21704 USA
Tel: 301-662-5019     Fax: 301-662-1731

PMI MODEL No: PS-2G18G-360-8D
• 360° Phase Range
• RF Input Power 1 Watt max.       
• 16.0 dB max. Insertion Loss
• 2.2:1 max. VSWR 
• Amplitude vs. Phase (PM/AM) ±1.17 dB
• Phase vs. Frequency ±8.28°
• • ±12V to ±15V @ +95 mA, -78 mA
• 8-Bit TTL Compatible
• 500 nsec max. Switching Speed
• Size: 4.25” X 3.50” X 1.00”
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408 610 6810

SAGE Millimeter has introduced 
a series of E-Band low noise and 
high power amplifiers with WR-12 
waveguide interfaces. These ampli-
fiers combine state-of-the-art semi-
conductor devices with innovative 
packaging to achieve the highest RF 
performance. Package styles include 
inline and right angle, offering sys-
tem integrators great flexibility in 
meeting various configuration re-
quirements.

LNAs
Table 1 summarizes the perfor-

mance of two low noise amplifier 
(LNA) standard products, one cov-
ering the full 60 to 90 GHz WR-12 
band, the other 71 to 86 GHz. The 
communication band model achieves 
4 dB maximum noise figure, the low-
est noise figure in its class. The full-
band model has slightly higher noise 
figure at 5 dB. The typical measured 
performance of the communication 

TABLE 2
POWER AMPLIFIER SPECIFICATIONS

Model Number

Parameter Units SBP-7137633223-1212-E1 SBP-8138632520-1212-E1

RF Frequency Range GHz 71 to 76 81 to 86

Small Signal Gain dB 32 25

Output P1dB dBm 25 22

Input/Output VSWR	 2:1 2:1

Size in 1.50  1.10  0.75 1.50  1.10  0.75

Weight oz 1.5 1.5

s Fig. 1  Measured gain and return loss 
(a) and noise figure and output power at 1 
dB compression (b) of the SBL-7138632040-
1212-E1.
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www.sei-device.com   
  
  

R a d a r ,  B a s e  S t a t i o n s ,  S AT C O M ,  P o i n t  t o  P o i n t ,  a n d  S p a c e 

You Have Many Choices for GaN Devices
Only One Stands Above the Rest

GaN for BTS 
Macro Cells
UHF to 2.7 GHz  
105/160/210/320W

3.6 GHz  
30/70W

Small Cells
UHF to 3.8 GHz  
15/20/30/40W

GaN for Radar 
S-Band  
2.7 to 3.1 GHz 500W Single Ended
2.9 to 3.3 GHz 600W Discrete & Pallet
3.1 to 3.5 GHz 500W Single Ended

C-Band
5.2 to 5.9 GHz  
200W Discrete 

X-Band
8.5 to 9.8 GHz  
200W Discrete
9.2 to 10 GHz  
120W Discrete

To learn more, contact  
mw@sei-device.com

GaN for Satellites 
UHF to S-Band  
4/8/20/50/100W

C/X-Band  
20/40W

• First to Market 
• Volume Leader
• Superior Reliability
• High Power

Only when you combine higher performance  
and uncompromising reliability do you achieve the best value in GaN technology.  

Our continued leadership over 30 years means there is only one choice.
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Ensuring the success  
of your project  

Industry Leading Performance 

 Competitive Pricing 

 Same Day Shipping 

Free Application Support 

812-323-8708 • sales@polyphasemicrowave.com

polyphasemicrowave.com/mj

We stock a complete line 
of components including:

• Quadrature Modulators 

• Quadrature Demodulators

• Single-Sideband Mixers 

• Image Reject Mixers

• Caseless Mixers 

• Customized Products

band LNA vs. frequency is shown in 
Figure 1. Noise fi gure is below 4 dB 
across the band, and the small-signal 
gain is 20 ±2 dB. The nominal return 
loss is 10 dB.

POWER AMPLIFIERS
The power amplifi ers can be bi-

ased from +5 to 12 V and typically 
draw 1 A. Table 2 summarizes the 
performance of two power amplifi er 
(PA) standard products. To offer the 
best performance, separate power 
amplifi ers are designed for each of 
the two sub-bands: 71 to 76 GHz and 
81 to 86 GHz. The measured output 
power, gain and return loss of the 71 
to 76 GHz PA is shown in Figure 2. 
Typical output power at 1 dB com-
pression is greater than 23 dBm, and 
the small-signal gain is 32 ±3 dB. 
Figure 3 shows the typical perfor-
mance of the 81 to 86 GHz PA: bet-
ter than 22 dBm P1dB and 25 ±2 dB 
small-signal gain.

Each of the amplifi ers shown in 
Tables 1 and 2 use inline, WR-12 con-
nections for the RF input and output. 
Having the waveguide interfaces in-
line makes insertion in the system 
straightforward. To serve a variety 
of system requirements, SAGE also 
offers E-Band amplifi ers with right 
angle waveguide and 1 mm coaxial 
connectors. In all confi gurations, bias 
is applied by a solder connection to a 
pin on the amplifi er housing.

Above E-Band, SAGE Millimeter 
offers amplifi ers with frequency cov-
erage up to 160 GHz. In addition to 
amplifi ers, the company offers a wide 
range of millimeter wave components, 
including frequency converters, con-
trol circuits, ferrite devices, oscilla-
tors, antennas and multi-function as-
semblies and subsystems.

SAGE Millimeter Inc. 
Torrance, Calif. 
info@sagemillimeter.com 
www.sagemillimeter.com

 Fig. 2  Measured gain, output power at 1 
dB compression and return loss of the 71 to 
76 GHz power amplifi er. 
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 Fig. 3  Measured gain, output power at 1 
dB compression and return loss of the 81 to 
86 GHz power amplifi er.
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www.isola-group.com/RF

RF/Microwave Materials & 
Resources

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

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

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

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

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

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

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

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

Compatible with other Isola 
products for hybrid designs

For use in double-
sided applications Yes Yes Yes Yes

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

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

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

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

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

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

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

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

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

Isola, I-Tera, TerraGreen, Astra and IsoDesign and the Isola logo are registered trademarks of ISOLA USA Corp. in the U.S.A. and other countries. All other trademarks 
mentioned herein are property of their respective companies. Copyright © 2015 Isola Group. All rights reserved. 
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REGISTER NOW TO SAVE UP TO 20%

Connecting
and Educating

the Communications Technology Industry

Join us for IWCE 2016, the premier event for 
communications technology professionals. 
Technology is evolving fast. Get up to speed 

on the latest trends and increase your knowledge 
with our comprehensive conference program. Taking 
place March 21-25, 2016 at the Las Vegas Convention 
Center, IWCE brings together everything you need in 
one place: 

EDUCATION: Five days of sessions, workshops and 
training presented by top industry leaders. 

EXHIBIT HALL: See the latest products and services 
from over 370 exhibitors.

NETWORKING: Expand your network and interact 
with over 7,000 of your peers.

REGISTER TODAY! Use promo code SVE3 to 
save 10% off training, 20% off IWCE conference 
packages and free exhibit hall admission.

CONFERENCE: MARCH 21-25, 2016

EXHIBITS: MARCH 23-24, 2016 

LAS VEGAS CONVENTION CENTER

LAS VEGAS, NV

IWCEEXPO.COM
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ProductFeature

Berkeley Nucleonics has enhanced the 
7000 series of fully automated signal 
source analyzers and extended the mea-

surement capability to 26 GHz. In addition to 
measuring absolute phase noise on a large va-
riety of CW sources with offsets from 0.01 Hz 
to 50 MHz, the 7000 series performs residual 
and absolute phase noise characterization of 
CW and pulsed signals, transient analysis and 
VCO characterization. High speed measure-
ment modes are optimized for automated 
testing, making the 7000 series a very versa-
tile signal source analyzer for both R&D and 
production testing. The instrument is simple 
to use and offers high accuracy and reproduc-
ibility combined with measurement speed. 

It has a high dynamic range with low system 
noise floors, while offering an attractive cost 
for labs and production environments. Two 
models are available that are application de-
pendent: Model 7070 covers 5 MHz to 7 GHz 
and Model 7300 covers 5 MHz to 26 GHz. The 
instruments are Ethernet, USB or GPIB con-
trolled and “plug and play” with any standard 
computer. The entire instrument is enclosed 
in a compact, fanless, 3U, 19 inch chassis and 
weighs 10 kg.

Developing the product on a fully inte-
grated, low power platform avoided fan cool-
ing, as well as eliminated spurious signals, 
ground loops and power line loops. By using 
an external battery, this unit can be operated 
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Automated Pulsed 
Phase Noise 
Measurements
Berkeley Nucleonics
San Rafael, Calif.
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CTS places the frequency-control products you need in the palm of your hand. Serving some of the most challenging military/defense and 
industrial applications with compelling SWaP-C benefits, CTS offers a wide range of high-performance frequency control solutions for 
demanding ultra-low-power, low-phase-noise, and low-g-sensitivity requirements in extremely compact configurations. In addition to 
CTS miniature low-power OCXOs, Frequency Control products include flexible and configurable RF modules to 2.5 GHz with industry-best jitter 
and phase-noise performance as well as Hi-Rel COTS clock oscillators with stable frequencies to 800 MHz, full military temperature range, and 
low-jitter options. CTS offers custom solutions and quick-turnaround prototypes to meet the most demanding frequency-control requirements: 

•  Low-power, miniature OCXOs, 10 to 250 MHz with 10-ppb stability, -40 to +85°C 

•  Low-power, miniature OCXOs with low-g sensitivity to 2E-10/g Gamma 

•  Ruggedized TCXO modules to beyond 1 GHz 
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• SP1T to SP128T

• DC - 26.5 GHz

• Reflective

• Absorptive 

• Switch Matrixes

• Custom Designs

MODEL FREQUENCY
GHz

MAX INSERTION
LOSS

V.S.W.R.
MAX

Electrical Specifications

OPTIONS
• Optimized Narrow Bands
• Up to 120 dB Isolation 
• High & Low Power Models
• Phase & Amplitude Matched
• Switching Speed 20 μsec max
• Custom Logic

2 Emery Avenue
Randolph, NJ 07869 USA
973-361-5700 Fax: 973-361-5722
www.gtmicrowave.com
e-mail: sales@gtmicrowave.com

SP1T 2-18 GHz 2.3 2:1

SP2T 2-18 GHz 2.5 2:1

SP4T 2-18 GHz 2.8 2:1

SP8T 2-18 GHz 4.0 2:1

SP16T 2-18 GHz 7.0 2:1

Absorptive • 60dB isolation • 1μsec switching speed • + 20 dBm cw, 1 w max

anywhere, without needing AC pow-
er. The instrument includes multiple 
accessible tuning voltages, and the 
dual programmable low noise power 
supplies each provide up to 15 V and 
greater than 500 mA current. The 
ultra-low noise close to carrier phase 
noise internal reference synthesizers 
are adequate for most applications, 
even when very low close-in phase 
noise or noise floors are measured; 
however, external references can be 
applied to maximize the use and flex-
ibility of the instrument. A PC, laptop 
or tablet serves as the control unit, so 
no displays are incorporated in the 
instrument.  This minimizes cost and 
increases reliability.

SPECIAL CAPABILITIES
ATE Measurement: In addi-

tion to benchtop use, the 7000 series 
is a strong automatic test equipment 
(ATE) solution for accurate phase 
noise measurements below 200 milli-
seconds per device under test (DUT) 
in a production environment. The unit 
can be controlled and triggered using 
SCPI commands via USB or Ethernet. 
The measurement process itself is fully 
automatic and very easy to set up. Ex-
ample programs are available in various 
programming languages, such as VBA, 
Java, C, Matlab or Labview. The ATE 
SCPI command set allows for phase 
noise plots, spot phase noise values, 
spurious extraction, and calculation of 
RMS jitter and integral phase noise.

Pulsed Phase Noise: Measuring 
the phase noise of a pulsed RF system 
poses unique challenges to the test 

s Fig. 1  Pulsed phase noise measurement of a 2.5 GHz signal with a pulse rate of 100 kHz and 
5 percent duty cycle.
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s Fig. 2  Transient analysis of a 25.5 GHz 
carrier with a 1 GHz bandwidth chirp and  
50 µs chirp time.
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Your Marketing 
Partner in 2016
EXPERTS IN RF/MICROWAVE MARKETING 
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Founders of the Annual                      Promotion
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Contact Jaime Leger 
leger@slnadv.com • 401.487.8566 (m)
Scan To View Our Capabilities Video

TMS
REPRESENTATIVES, LLC

You’re In Good Company With....

Passport to

Figure 2 shows the measurement of 
a 1 GHz bandwidth chirp at 25.5 GHz 
and 50 µs chirp time. The Model 7300 
series observes wide frequency span 
transients up to 20 GHz bandwidth. 
With a time resolution of 16 ns and a 
continuous time span of several hours, 
a large number of applications can be 
addressed: measuring the frequency 
droop on individual channels in fre-
quency hopping systems, analyzing 
chirp radar performance, measuring 
pulse jitter and viewing the distribu-
tion histogram, calibrating frequency 
sweep signals and calibrating inten-
tional modulation (FM or FSK) as 
well as analyzing phase-locked loops 
(PLL) and frequency-locked loops, 
discovering phase jumps in synchroni-
zation clocks, detecting missing peri-
ods from rotational encoders, measur-
ing VCO frequency settling times and 
characterizing the start-up/warm-up 
of oscillators.

Automatic VCO Characteriza-
tion: At least two (low noise) DC 
sources and one signal analyzer are 
needed to characterize a VCO, to 
measure power, frequency, phase 
noise, etc. With four independent, 
programmable, DC voltages to power 
and control the DUT, the 7000 Series 
automatically characterizes a VCO for 
tuning voltage versus frequency, tun-
ing sensitivity, output power, current 
consumption, supply pushing and SSB 
phase noise. The desired VCO param-
eters are captured in a single sweep.

The Berkeley Nucleonics 7000 se-
ries signal source analyzer has been 
extended with new measurement ca-
pabilities. Besides the powerful CW 
and pulsed phase noise measurements 
(additive and absolute), transient time 
domain, fast Fourier transform (FFT) 
analysis and VCO characterization are 
also supported. These independent 
measurement capabilities are eas-
ily implemented using the single, in-
tuitive, graphical user interface. For 
production testing (ATE), a remote 
SCPI-based programming language is 
supported with throughput optimized 
measurement times.
Berkeley Nucleonics  
San Rafael, Calif. 
(415) 453-9955  
rfsales@berkeleynucleonics.com  
www.berkeleynucleonics.com

Frequency Transients: The 7000 
series also works like a high perfor-
mance modulation domain analyzer, 
providing a view of frequency and 
phase measurements over time. This 
intuitive way of seeing data allows 
frequency switching, jitter or modu-
lation to be viewed directly. In ef-
fect, the Model 7000 series becomes 
a frequency oscilloscope, measuring 
carrier frequencies versus time up to 
26 GHz with 16 ns time resolution. 

system, which are met with the BNC 
7000 series signal source analyzer. By 
detecting the pulses (or with external 
triggering), the hardware adjusts its 
parameters to increase the reliabil-
ity and accuracy of the measurement. 
The current system handles pulse 
rates up to 1 MHz with duty cycles 
below 5 percent. Figure 1 shows the 
measurement of a signal at 2.5 GHz 
with a pulse rate of 100 kHz and 5 
percent duty cycle.
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Microwave Absorbers  
For Cavity Suppression and 
Free Space Applications

C-RAM™ RF/Microwave Absorbers
Featuring, C-RAM™ SFC-HC High Power, Broadbanded Pyramidal Honeycomb 

RF Absorber, a phenolic coated honeycomb with the ability to handle up to 

10W/in2 of power with no forced air!

C-RAM™ Radar Cross Section Absorbers
C-RAM™ Anechoic & Free-Space materials
C-RAM™ Turn-key Anechoic & EMC Chamber Design and Installation
C-STOCK™ Low Loss Dielectric Materials

Custom Formulations and Custom Fabrication available

Cuming Microwave Corporation is an ISO 9001:2008 and 
AS9100:2009  global manufacturer of materials that 
absorb EMI/RFI between 10 MHz – 100 GHz 

Product Lines

264 Bodwell  Street,  Avon, MA, USA  • 508-521-6700 • sales@cumingmicrowave.com • cumingmicrowave.com
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JOIN THE CONVERSATION: #IMS2016 

IMS2016.ORG

For reservation questions or further information contact: 
The Exhibits Department at MP Associates, Inc.
tel: +1 303-530-4562  |  exhibits@mpassociates.com

2016 
INTERNATIONAL MICROWAVE SYMPOSIUM

22-27 May 2016  |  San Francisco, CA

Come join us in San Francisco and enjoy the flagship Microwave Theory
and Techniques Society (MTT-S) Conference in the Golden State of California!
The IEEE Microwave Theory and Techniques Society’s International 
Microwave Symposium (IMS2016) will be held 22 - 27 May 2016 in  
San Francisco, California as the centerpiece of a week dedicated to RF and 
Microwave Technology. IMS2016 offers technical sessions, interactive forums, 
plenary and panel sessions, workshops, short courses, industrial exhibits, 
application seminars, historical exhibits, and a wide variety of other technical 
and social activities including a guest program.  
Co-located with IMS2016 are the RFIC symposium (www.rfic-ieee.org)  
and the ARFTG conference (www.arftg.org). 
With over 10,000 participants and 1000 industrial exhibits of state-of-the-
art microwave products, IMS2016 is the world’s largest gathering of Radio 
Frequency (RF) and microwave professionals and the most important forum 
for the latest research advances and practices in the field.

PAPER SUBMISSION: 
Authors are invited to submit technical papers describing original work and/
or advanced practices on Radio-Frequency, microwave, millimeter-wave, and 
terahertz (THz) theory and techniques. The deadline for submission is 5pm 
Central Standard Time 7 December 2015. Papers should be 3 pages in length 
(PDF format), and should not exceed one megabyte in file size. Hardcopy and 
email submissions will not be accepted. Please refer to the IMS2016 website 
(www.ims2016.org) for detailed instructions concerning paper submission. 
Authors must adhere to the format provided in the conference paper template 
available on the symposium’s website. It is the authors’ responsibility to 
obtain all required company and government clearances prior to submission. 
Please don’t wait until the last day to start using the paper submission 
process. Those unfamiliar with the process may encounter paper formatting 
or clearance issues that may take time to resolve.
A double blind review process will be used to ensure anonymity for both 
authors and reviewers. Detailed instructions on submitting a double-blind 
compliant paper can be found on the IMS2016 website (www.ims2016.org). 
Papers will be evaluated on the basis of originality, content, clarity, and 
relevance to the symposium. For accepted papers, the electronic submission 
of a final manuscript along with a copyright assignment to the IEEE will be 
required no later than 29 February 2016. Accepted papers will be included in 
the Symposium Proceedings and submitted for inclusion in the IEEE Digital 
Xplore Library. Authors of accepted papers should consider submitting an 
extended version of their symposium paper for possible publication in the 
IEEE Transactions on Microwave Theory and Techniques.

EMERGING TECHNICAL AREAS: 
IMS2016 enthusiastically invites submission of papers that report state-of-the-
art progress in technical areas that are outside the scope of those specifically 
listed in this Call for Papers, or that may be new to the symposium, but are of 
interest to our attendees.

SPECIAL SESSIONS, WORKSHOPS, PANEL AND RUMP SESSIONS, 
AND SHORT COURSES: 
Topics being considered for these areas include Next Generation Wireless 
Systems, Latest Technologies for RF/Microwave Measurements, and Advances 
in RFIC Technology. Please consult the IMS2016 website for a more detailed 
list of topics and instructions on how to prepare a proposal. Proposals must 
be received by 8 September 2015.

STUDENT PAPER AND STUDENT DESIGN COMPETITIONS: 
Eligible students are encouraged to submit papers for the student paper 
competitions. The papers will be evaluated using the same standards as all 
contributed papers. In addition, eligible students or student teams are invited 
to consider taking part in student design competitions during the IMS2016, 
which are organized and sponsored by various Technical Committees (TC) of 
the MTT-S Technical Coordination Committee (TCC). Please visit the IMS2016 
web site for full details.

MICROAPPS: 
The Microwave Application Seminars serve as a forum for exhibitors at the 
IMS to present the technology behind their commercial products and their 
special capabilities. The presentations are open to all conference and exhibit 
attendees. Please refer to the IMS2016 website (www.ims2016.org) for more 
information on submitting MicroApps technical papers.

CALL FOR PAPERS

IMS2016 EXHIBIT SPACE IS AVAILABLE!
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ProductFeature

Many start-up developers; Wi-Fi, alarm 
and other product installers; univer-
sity labs and electronic hobbyists may 

not have the budget or desire for expensive 
equipment, yet they still need a good, basic, 
calibrated signal generator. Generally, low cost 
RF generators must be attached to a PC via 
USB to operate or be programmed, which hin-
ders portability. Many are too heavy or cum-
bersome to take into the field.

However, the RF Pro Touch RF generator 
developed by Red Oak Canyon LLC is truly 
portable. Weighing only 12 ounces and small 
enough to fit in your hand, this compact RF 
signal generator can be used in an office, class-
room, lab or in the field. The unit is fully self-
contained and small enough to take to remote, 
hard-to-reach places. With its simple touch-
screen interface, the RF Pro Touch is quick 
to set up and versatile enough to accomplish 
many filter and cable characterization and 
alignment tasks.

The RF Pro Touch contains an internal 
temperature-controlled reference with only 
2.5 ppm variation from -30° to 85°C. The ref-
erence combined with the ADF4351 wideband 

and low phase noise synthesizer enables the 
RF Pro Touch to generate a low phase noise 
output  from 35 MHz to 4.4 GHz. At 1 GHz, 
the phase noise is -91 dBc/Hz at 10 kHz offset; 
at 2.4 GHz, it’s -86 dBc/Hz. The phase-locked 
loop (PLL) setup of the ADF4351 has been 
optimized to give the best noise performance 
for both integer and fractional synthesis, with 1 
kHz RF output resolution. The output power is 
adjustable from +10 to -55 dBm, enough range 
for most sensitivity measurements. For lower 
power, a fixed attenuator can be added to the 
output.

OPERATION
To operate the RF Pro Touch, a 50 V load 

is connected to the RF output SMA connector, 
and the frequency and output power are set 
with the touch of a few buttons before pressing 
RF ON on the screen. No complicated setup.

The RF Pro Touch simplifies frequency 
response and linearity-saturation character-
ization with easy-to-use frequency and power 
scan modes. The “Loop Forever” mode scans 
between a starting and ending frequency or 
power, with pre-defined steps and time delays 
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Low Cost Wideband 
RF Signal Generator 
Doesn’t Rely on a PC
Red Oak Canyon LLC
Spicewood, Texas
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between steps. Pressing start begins the programmed scan 
until it is stopped. For more timing control of the start of 
a scan pass, the “Once” mode starts at the initial frequen-
cy or power, runs to the ending frequency or power with 
the applied step increment and then stops, waiting to start 
again. In “Step” mode, scanning pauses at each frequency 
or power step. In any mode, the scan can increment or dec-
rement in frequency or power.

Some measurements require two RF generators or that 
the RF generator synchronize with another source. Since 
no two reference sources are identical, two generators us-
ing separate frequency references will produce unwanted 
noise in the measurement. The RF Pro Touch provides 
both an external reference input and a buffered reference 
output, so the frequency reference of the RF Pro Touch 
can be used as the source or can be driven with another 
instrument. A button on the Settings screen switches be-
tween internal and external references. When using an ex-
ternal reference, the external reference frequency in the 
Settings screen should be set to ensure the correct RF out-
put frequency.

The modulation input provides a convenient way to ei-
ther frequency modulate or pulse the RF output (OOK 
modulation). When FM is selected, varying the peak-to-
peak modulation input voltage, up to a maximum of 15 V, 
sets the desired frequency deviation. A 4 Vpp, 1 kHz sine 
wave develops a 250 kHz deviation at 915 MHz, while a 
200 mVpp, 1 kHz sine wave develops a 30 kHz deviation at 
2.4 GHz. A digital, 3 to 5 V signal controls the RF output 
in OOK mode, enabling high frequency switching that is 
useful for compliance testing.

In the offi ce or lab, the RF Pro Touch can be powered 
with the 5 V power adapter. In the fi eld, the RF Pro Touch 
operates for at least two hours on a single charge. To extend 
the life of the internal Li-ion battery, the screen can be 
set to auto-blank after it hasn’t been touched for a defi ned 
time. Normally, if the RF is on while using the constant or 
scanning modes, the display won’t blank, although this can 
be confi gured in the settings screen to extend battery life. 
If the screen has auto-blanked after timeout, and the RF is 
off, an auto shutdown timer can be set to turn off the unit 
to save the battery. The next time the unit is turned on, it 
will have the same confi guration as when it turned off.

APPLICATIONS
As a practical, low cost tool, the RF Pro Touch is ideal 

for teaching seminars, antenna calibration, as well as pre-
compliance testing to assess possible interference with ra-
dio and TV reception and radiated immunity testing. Sig-
nals generated by the RF Pro Touch and amplifi ed by a 
separate power amplifi er are transmitted using antennas 
aimed directly at a product to determine whether the prod-
uct will be disrupted. Contractors who install coaxial and 
fi ber-optic cable inside buildings, for distributed antenna 
systems (DAS) or small cells, can use the RF Pro Touch to 
verify RF signal integrity. Ham radio operators can use the 
RF Pro Touch to measure fi lter response and experiment 
with receiver and transmitter circuits.
Red Oak Canyon LLC 
Spicewood, Texas
www.redoakcanyon.com

An AESA Revolution Utilizing the Disruptive Technology 
of Highly-Integrated Silicon ICs

What is your substrate ? 
Just Select Wave Launch™ Connectors 
for your substrate.

■ Board Edge Type
- No need of ground soldering 
- Easy installation

■  Panel Mount Type
- No need of glass bead 
- Simple circuit housing design

Wave Launch™ connectors are specially designed
for well-used high frequency substrates to 
minimize electromagnetic transition effects 
including impedance discontinuities from coaxial
to Microstrip/CPW structure. 
We solve your performance and cost problems. 

* Flat pin launching on substrate

■  Connector : 2.4 mm
■  Substrate : RO4350B (10 mil)
■  Trace length : 40 mm

Substrate Thickness(mil)
Available Wave Launch Connector
SMA 2.92mm 2.4mm

RO4003C
8.0 O O O

12.0 O O O
RO4350B 10.0 O O O

Du5880
5.0 O O O

10.0 O O O

Versatile RF & MW Solutions

sales@with-wave.com 
www.with-wave.com

If you need sample,
Please feel free to 
contact us
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www.svmicrowave.com

• Custom cables ship in 5 days
• Online order placement (credit card or PO)
• Application available 24 hours a day

PROTOTYPING DOESN’T HAVE 
TO BE SLOW AND UGLY. 
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visibility of the probe tip contacts for highly accurate posi-
tioning of the probes. Alongside qualifi ed MPI calibration 
substrates, TITAN probe technology covers frequencies up 
to 110 GHz. MPI provides the complete system, including 
probes, calibration standards and other accessories. Intuitive 
QAlibriaTM calibration software with multi-touch function-
ality and multi-language interface supports the R&S®ZVA 

and R&S®ZNB VNAs. Tight integration 
with StatistiCAL® from NIST enables 
easy and confi dent metrology-level cali-
bration of the R&S VNAs.

Featuring highly stable sources, the 
R&S®ZVA with Rohde & Schwarz fre-
quency converters are ideally suited for 
on-wafer component characterization at 
millimeter wave frequencies. The con-

verters have been optimized mechanically for on-wafer 
measurements.

MPI Corp. 
Chu-pei City, Taiwan 
www.mpi-corporation.com

Rohde & Schwarz 
Munich, Germany 
www.rohde-schwarz.com

Integrated Solution for 
On-Wafer Measurements

D ue to the complex measurements required to 
characterize modern RF semiconductor compo-
nents, the proper integration of test and mea-

surement equipment with a probe system is time-con-
suming and costly. Setting up a measurement system to 
deliver accurate and repeatable results is challenging, 
given the number of factors that come into play: the 
user interface, mechanical properties 
of the probe system, the electrical and 
mechanical properties of the RF probe 
tips, the mechanical connection and in-
tegration of the network analyzer with 
the probe system and the functionality 
and usability of the software. Also, the 
vector network analyzers (VNA) must 
provide the RF performance and func-
tionality required for complete and accurate character-
ization for demanding devices, such as amplifi ers and 
converters, over a wide frequency range.

To address these challenges, MPI and Rohde & Schwarz 
worked together to successfully integrate R&S VNAs and 
MPI engineering probe systems and RF accessories . The 
companies say this is the fi rst probe system specifi cally de-
signed for high precision measurements at millimeter wave 
and sub-millimeter wave (THz) frequencies, based on a 
seamless integration of millimeter wave converters.

The TITANTM RF probes provide excellent, real-time 
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Innovative YIG Technology Dramatically 
Improves Band-Reject Filters

H  istorically, the performance of YIG-tuned band-re-
ject fi lters has been limited by trade-offs between 
3 dB bandwidth at the high end of the frequency 

range and notch bandwidth at the low 
end. Teledyne Microwave Solutions has 
developed a new patent-pending tech-
nology that enables the 3 dB bandwidth 
at the high end to be much narrower 
and the notch at the low end deeper 
and wider than previously achievable 
– without degrading any other electri-
cal parameter. The new technology also 
offers enhanced performance at much 
lower frequencies than possible with 
previous capabilities. With the added 
benefi t of reduced spurious response, this fi lter line delivers 
unequalled performance.

 The six new YIG-tuned band-reject fi lters from Teledyne 
Microwave Solutions cover frequency bands from 125 MHz 
to 18 GHz. The products include:
•  Two fi lters for 125 to 1500 MHz, a frequency range never 

before available with YIG technology.
•  A single 500 to 2600 MHz fi lter with 40 dB rejection 

bandwidth of 6 MHz (minimum), 3 dB bandwidth of only 
70 MHz (maximum) and 3 dB maximum 
rejection spurs.
•    A single 2 to 18 GHz fi lter with 40 dB 

rejection bandwidth of 12 MHz (mini-
mum), 3 dB bandwidth of only 125 
MHz (maximum) and 4 dB maximum 
tracking spurs.

  Used primarily for electronic warfare, 
electronic countermeasures and micro-
wave receivers, these fi lters achieve a 
previously unobtainable trifecta: wider 
notch bandwidth, greater notch depth 

and narrower 3 dB bandwidth. 

Teledyne Microwave Solutions
Mountain View, Calif.
www.teledynemicrowave.com
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Protecting your radar system 
just got a whole lot easier.
The most important thing we build is trust

Cobham Metelics formerly Aeroflex / Metelics

Part Number Type Frequency 
(MHz)

Loss 
(dB)

CW Power 
(W)

LM200802-M-A-300 Medium Power Broadband 20-8000 1.4 20

LM501202-L-C-300 Octave Band, Low Power 500-2000 0.4 4

LM501202-M-C-300 Octave Band, Med Power 500-2000 0.6 30

LM202802-L-C-300 Octave Band, Low Power 2000-8000 1.0 4

LM202802-M-C-300 Octave Band, Med Power 2000-8000 1.2 30

LM401102-Q-C-301 Octave Band, High Power, “Quasi-Active” 400-1000 0.3 100

LM102202-Q-C-301 Octave Band, High Power, “Quasi-Active” 1000-2000 0.5 100

LM202802-Q-C-301 Octave Band, High Power, “Quasi-Active” 2000-8000 1.4 100

LM401402-Q-D-301   Decade Bandwidth, High Power 400-4000 0.75 50

 High Power Surface Mount Limiters

New high power surface mount 

limiters from Cobham Metelics 

are making your receiver/

protector sections a whole lot 

easier to design. These drop-in 

devices include 11 completely 

integrated components that have 

been optimized for L, S, and C 

band radar systems. In compari-

son to silicon and GaAs MMICs, 

which lack thermal capacity  

and thermal conductivity, these 

devices offer stable peak power 

handling through 8 GHz.

■  Frequency bands from 
20 to 8000 MHz

■  100 W CW and 1 kW 
(SMT) Peak Power

■  200 W CW and 2 kW 
(Hermetic) Peak Power

■  Flat Leakage Power  
of 20 dBm

■  8 x 5 x 2.5 mm SMT 
Packaging

We’ve put our semiconductor 

experience to work in developing 

a variety of broadband and 

octave band models. Call or  

visit our website for details.

Cobham Metelics 
888-641-7364 
www.cobham.com/Metelics
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1 to 40 GHz Amplifiers 
with Integrated Power Detector

C iao Wireless’s new low noise amplifiers 
have instantaneous, ultra-wideband coverage  
from 1 to 40 GHz, making them suitable for mul-

tiple communication band applications. The amplifier 
line offers multiple gain options: 20, 25, 30 and 35 dB 
with flat response, typically less than 
±3.0 dB over the band. Amplifier out-
put power is typically +15 dBm mini-
mum with a two-tone, third-order in-
tercept of +23 dBm and non-harmonic 
spurious levels better than -60 dBc. 
All units are well matched, with input 
VSWR typically 1.6:1 over the band 
(2.3:1 maximum) and output VSWR 
1.8:1 (2.3:1 maximum). Typical noise 
figure is as low as 4 to 5 dB at +23°C.

The design features an integrated output power detec-
tor that covers 10 MHz to 40 GHz and has the flexibility 
to tailor the output voltage to meet the customer’s desired 
voltage vs. output power. The detected output is scalable 
up to a 10 dB dynamic range with very repeatable perfor-
mance and settling times typically 50 µs or less. Units can 

be ordered without the output detector, if only the ampli-
fier is desired. The detector can also be ordered sepa-
rately, without the amplifier, for applications that require 
a small, competitively priced power detector covering 10 
MHz to 40 GHz. The detector can be optimized over a 

narrower frequency band.
The amplifier with the integrated de-

tector assembly occupies a small foot-
print, with 2.9 mm connectors and her-
metic feedthroughs. Hermetic sealing is 
available, and the line is qualified for all 
commercial and high-rel applications. 
The nominal operating temperature 
range is -20° to +70°C, although the de-
sign can be optimized for alternate op-
erating conditions. These units require 

+12 to +15 V bias and have integrated voltage regulation 
and reverse polarity protection.
Ciao Wireless Inc.  
Camarillo, Calif.  
sales@ciaowireless.com  
www.ciaowireless.com
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AMPLIFIERS DETECTORS COMB and IMPULSE 
GENERATORS 

LIMITERS PIN SWITCHES 

RF & Microwave Products from DC to 75 GHz

_11M23 FINAL.indd   136 10/29/15   9:19 AM

http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=136&exitLink=mailto%3Asales%40ciaowireless.com
http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=136&exitLink=http%3A%2F%2Fwww.ciaowireless.com
http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=136&exitLink=http%3A%2F%2Fwww.herotek.com
http://www.mwjournal-digital.com/mwjournal/201511/TrackLink.action?pageName=136&exitLink=mailto%3Ainfo%40herotek.com


ATC Technical Productions Issue: NOV 2015
Ad: 100_700_SERIES Trim Size: 7 13/16" x  10 3/4”
Media: Microwave Journal Document #: 1732

Supports a Wide Range of Critical Large and
Small Signal Minimal Drift Applications

THE ENGINEERS’ CHOICETM       www.atceramics.com

American Technical Ceramics

Building on over 50 years experience in MLC performance, ATC offers 100 Series P90 Superchips
and 700 Series NPO MLCs  with Q greater than 10,000. 

Typical Applications:
• High RF Power Amplifiers
• High RF Power Switching
• Impedance Matching
• Induction Heating
• Filter Networks
• Antenna Matching

High Reliability
• Qualified to MIL-PRF-55681
• S-Level Reliability*
• QPL Approved (CDR Availability)
• Supported by COTS
*ATC Capacitors are Qualified to S-Level
Failure Rate = 0.001%/1000 Hrs. @ 125°C
with 2X Rated Voltage Applied

• Transceiver Modules
• Medical MRI Imaging

Coils
• Low Noise Amplifiers
• Synthesizers
• Mixers
• Delay Lines

ATC Series Dimensions
Capacitance Range (pF)

Working Voltage (WVDC) max.
100 Series 700 Series

100A 700A .055 X .055 (1.40 X 1.40) 0.1 to 100 0.1 to 1000 Up to 250

100B 700B .110 X .110 (2.79 X 2.79) 0.1 to 1000 0.1 to 5100 Up to 1500

100C 700C .250 X .250 (6.35 X 6.35) 1 to 2700 1 to 2700 100C: Up to 3600  /  700C: Up to 2500

100E 700E .380 X .380 (9.65 X 9.65) 1 to 5100 1 to 2200 Up to 7200

inches (mm)
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COMSOL Multiphysics 5.2 
As a leading provider of multi-
physics modeling and simulation 
software, COMSOL Multiphysics 
5.2 delivers major productivity 
updates to COMSOL Multiphys-
ics and COMSOL Server with 
new features, improved stability 
and robustness, and faster execu-
tion. Version 5.2 offers a more intuitive and improved user experience for 
building multiphysics models and converting them into simulation apps. 
Major upgrades to the Application Builder include the new editor tools 
for easy creation of user interface components, commands for dynamic 
updates of graphics and more control over the deployment of simulation 
apps.
COMSOL Inc.
www.comsol.com 

Software Selector 
Mobile App 

The new Keysight SW Selector 
Mobile App helps engineers find 
the ideal stand-alone and/or em-
bedded software application(s) 
to best meet their test and mea-
surement needs. The new mobile 
app allows for easy search of more 
than 230 test and measurement 
software applications. Engineers 
can search by application, tech-
nology or instrument. The app is available for download now for Android 
and iOS devices. 
Keysight Technologies Inc.
www.keysight.com/find/swselector

Mobile Device App 

AR RF/Microwave Instrumenta-
tion’s mobile app is now available as 
a free download from Apple iTunes 
and Google Play. This application 
is a quick and easy tool to access 
a variety of content from AR. The 
home screen icons allow easy navi-
gation to view basic and full prod-
uct descriptions, app notes, AR’s 
literature library, YouTube videos, 
contact information and social me-
dia activity – all from your mobile 
device. To download the app, visit 
www.arww-rfmicro.com/html/ar-moblie-app.asp. 
AR RF/Microwave Instrumentation
www.arworld.us

MU-EPSLN™ Software 
Extended Capability
In support of its newly devel-
oped Model 400C capacitance 
cell (operating band 100 KHz to 
50 MHz), Damaskos Inc. has in-
corporated instrument control 
and data processing for dielectric 
constant measurement of small 
samples, in the range of 2-3 mm 
thickness and area up to 25.4 cm2. 
The upgrade performs calibration 
of the 400C cell and measurement and display of material parameters at 
about 5 percent for DK and a factor of 5 to 10 for DF, employing com-
mon analyzers.     
Damaskos Inc.
www.damaskosinc.com  

Microwave Calculator 
Mobile App  

Mini-Circuits’ Microwave Calcula-
tor app for Android mobile devices 
gives engineers a quick and easy 
tool to perform three common cal-
culations on the fly: the effect of VSWR/return loss on transmitted power, 
cascaded noise figure and power to voltage conversion. It also provides 
the formulas for each of these computations as a convenient reference. 
It is the perfect tool to simplify and expedite problem solving whether 
you’re working in the lab or in the field. The app is available for FREE 
download from the company’s website and on Google Play™. 
Mini-Circuits
www.minicircuits.com
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COMPLETE Library 
v12.1 
Modelithics released the latest 
version (v12.1) of the Modelith-
ics® COMPLETE Library™ for 
NI AWR Design Environment 
software. The release includes 
over 50 new high accuracy simu-
lation models, representing over 
1,500 individual devices. New models have been added for components 
from AVX, Cobham Aeroflex, Würth Elektronik, ATC, Passive Plus, Pi-
conics, Skyworks, Freescale, Qorvo, CoilCraft, Murata, Darfon, Taiyo 
Yuden, TDK and IPDiA. The Modelithics COMPLETE Library now 
represents over 50 vendors and over 11,000 RF and microwave devices. 
Visit www.modelithics.com for details.
Modelithics Inc.
www.modelithics.com
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North America
Rosenberger
Site Solutions, LLC
102 Dupont Drive
USA - Lake Charles, LA 70606
Phone + 1-337-598-5250
rlss@rlss.us
www.rlss.us

Europe
Rosenberger
Hochfrequenztechnik GmbH & Co. KG 
Hauptstraße 1
83413 Fridol ng, Germany
Phone + 49 (0)8684 18-0
info@rosenberger.de
www.rosenberger.com

4.3-10 – Independent of Torque

4.3-10 connectors feature excellent, 
reliable and constant PIM values – 
independent of torque:

• Very low passive intermodulation (PIM)

• Excellent VSWR values

• Independency of torque limits 
 installation failures

• 40% space reduction compared to 
 7-16 interfaces

• Screw-on, hand-screw and quick-lock  
 types

• For mobile communication networks

Microsite: rosenberger.com/siso

Exploring new directions

orque
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NI AWR Design 
Environment V12.01 

NI AWR Design Environment™ 
is complete high-frequency design software for system simulation, circuit 
simulation and electromagnetic analysis. V12.01 has been released and 
continues to build upon the new load-pull features of V12. In addition, the 
V12.01 update includes multiple improvements to system simulation within 
Visual System Simulator™, layout, tuning, yield analysis and optimization 
capabilities within NI AWR Design Environment, inclusive of Microwave 
Office and AXIEM and Analyst™ 3D EM simulators.
National Instruments 
www.ni.com

Filter RFQ Mobile App 

Submitting RFQ’s for filters, mul-
tiplexers and multifunction assem-
blies has never been easier or more 
convenient with Reactel’s new mo-
bile app for Apple and Android de-
vices. Filter RFQ is available now 
for Apple and Android devices. 
In addition to the RFQ element, 
this full featured app also contains the company’s complete catalog and 
a growing number of datasheets. Download your copy from iTunes or 
GooglePlay today.
Reactel Inc.
www.reactel.com

Mobile-Friendly Website 

Pasternack Enterprises Inc. 
launched its new mobile website 
which marries powerful paramet-
ric search capabilities with a sleek, 
simplified and user-friendly inter-
face specifically intended for smart 
phones and tablets. The mobile site 
will provide engineers in the field 
the easiest, most intuitive process 
for searching and finding any of the company’s +40,000 RF components 
and cable assemblies with as few finger and thumb swipes as possible. 
Other notable features include easy access to product datasheets as well as 
real-time stock levels and pricing for every product. 
Pasternack Enterprises Inc. 
www.pasternack.com

Rapid Response
SV’s New Rapid Response Cable 
Assemblies are built-to-order and 
ship within 5 business days. Us-
ing the best interactive RF cable 
builder application in the market, 
customers can build cable assem-
blies designed for their specific 
application, instantly view pric-
ing, technical specifications and 
electrical performance graphs and 
place an order. Choose from a variety of in-stock standard connector se-
ries and cable types with length up to 99" for miniature and low loss co-
axial assemblies. The RF Cable Builder application accepts credit cards 
and is mobile compatible with Android/iOS.
SV Microwave
www.svmicrowave.com

Online Simulator
X-Microwave introduced its On-
line Nonlinear System Simulator 
powered by Keysight’s Genesys 
Spectrasys. Simulate with hun-
dreds of models of real system 
components using the intuitive 
user interface. X-parameter or S-
parameter models are extracted 
from X-Microwave’s drop-in com-
ponents (X-MWblocks) using Key-
sight’s PNA-X analyzer. An X-parameter model of an amplifier serves as 
a live datasheet to determine the P1dB or IP3 at a given operating point 
of interest. Quickly cascade microwave components and simulate to view 
the spectral content at any node of the block diagram.  
X-Microwave LLC
www.xmicrowave.com

Asymmetrical Bandpass 
Filter Design
Nuhertz announces improved ca-
pability in FilterSolutions®, syn-
thesis software. The program now 
instantly and accurately automates 
design of asymmetric bandpass fil-
ters which do not require symmet-
ric attenuation response on each 
side of the passband. Rather than utilizing optimization or manual pole-
zero tuning, FilterSolutions provides an accurate, automated method for 
setting asymmetric design parameters. The only data needed are the in-
dependent attenuation goals and the number of poles for each side of the 
passband. FilterSolutions instantly provides the exact solution.
Nuhertz Technologies LLC
www.nuhertz.com

Software and Mobile Apps
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Critical Moments
call for Critical Products

Our critical-grade RF and power inductors are built 
to withstand the most punishing conditions imagin-
able, including extreme temperatures, thermal shock, 
G-forces, EMI and vibration. 
•  Tin-lead (Sn-Pb) terminations for the best possible
    board adhesion. RoHS terminations also available.
•  Extended temperature ranges (-55°C to +200°C) 
•  Vibration testing to 80 G / shock testing to 1000 G

Coilcraft CPS has the battle-proven magnetics
you need when the mission is on the line 

800.981.0363    847.639.6400   www.coilcraft-cps.com

We also offer comprehensive product testing and 
validation services in accordance with MIL-STD-981 
and EEE-INST-002, as well as custom screening to 
your electrical and physical specifi cations.
Learn more about how our battle-tested 
components will keep your 
mission on target. Call or 
visit us online today!
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1030/1090 Duplexer 

3H Communication Systems’ new high perfor-
mance 1030/1090 duplexer offers < 1 dB inser-
tion loss in the transmit band while rejecting the 
received band by > 70 dB. The receive band 
offers < 1.25 dB insertion loss while rejecting 
the transmit band by > 70 dB. The duplexer of-
fers 250 W peak and 25 W average.
3H Communication Systems 
www.3Hcomm.com

180° Hybrid Coupler 

The AH180-020180 compact ultra-broadband 
stripline hybrid coupler provides 180° phase 
shift and in-phase outputs from two combined 

signals in the 2 to 18 
GHz range with maxi-
mum amplitude unbal-
ance of ±1.2 dB and 
maximum phase unbal-
ance of 12°. It measures 
82 × 36 × 11 mm. The 

stripline construction is contained within a rug-
ged aluminum alloy housing and features four 
hole flange-mount SMA connectors with mat-
ing interface to MIL-C-39012. The operating 
temperature range is the full military -55° to 
+85°C.
AtlanTecRF 
www.atlantecrf.com

10 W Resistive Power Divider
Model series 151-285-XXX is a family of resis-
tive power dividers in 2, 4, 6 and 8 way configu-
rations. These 50 ohm, 10 W average power 

devices have an operat-
ing frequency range of 
DC to 6 GHz. Insertion 
loss above theoretical 
loss is +1 dB nominal 
for 2 and 4 way configu-

rations. Insertion loss above theoretical loss for 
6 and 8 way configurations is +1 dB nominal 
DC to 5 GHz and +1.6 dB nominal 5 to 6 GHz. 
Maximum VSWR is 1.50:1 and the RF connec-
tors are SMA female.
BroadWave Technologies Inc. 
www.broadwavetech.com

40 GHz Switch
The TK4 series features 
K connectors and a fre-
quency range of DC to 
40 GHz. This series is 
available with failsafe, 
latching self-cut-off or 
pulse latching func-

tions. Ducommun’s design engineers can create 
custom versions for your specific applications. 
Ducommun Inc. 
www.ducommun.com

Class 2 Transformer
The model 14359 UL/
C-UL Listed Class 2 
transformer accepts 
line voltages of 120, 
208, 240 and 480 V, 
50/60 Hz, allowing near 
universal application. 
Encapsulated with a 
UL 94VO flame retar-
dant epoxy, and housed 

in a 304 stainless steel enclosure, it is virtually 
impervious to dirt, moisture and corrosive ele-
ments, making this transformer ideal for equip-
ment.
Foster Transformer 
www.foster-transformer.com

Pantheon Ink Resistor Technology

Intercept Technology Inc. announced enhance-
ments to its Pantheon Ink Resistor functional-
ity. In line with Intercept’s mission to provide 
the highest in advanced design technology, en-
hancements include the ability to create rectan-
gular as well as complex ink resistor shapes 
parametrically on the fly during layout, or from 
information obtained from a schematic. Ink re-
sistor components reside in the design database 
as parametric types, allowing for flexible modifi-
cations as needed at any point during the design 
process.
Intercept Technology Inc. 
www.intercept.com

Extreme Ultra-Thin Filters
When size is critical, 
Lark offers a full line of 
extreme ultra-thin 
(XUMTS series) filters. 
Lark’s new extreme ul-
tra-thin package offers 
superior performance 
with a size reduction of 

up to 70% from current ultra-thin filters. The 
extreme ultra-thin filter series offers low inser-

tion loss and ultimate rejection levels of 60 dB 
while maintaining better than 1.5:1 VSWR. 
These units are lightweight and ruggedized for 
today’s military applications.
Lark Engineering 
www.larkengineering.com

Hot Swap Controller 

Linear Technology 
Corp. introduced the 
LTC4282, an energy 
monitoring Hot Swap 
controller with dual 
MOSFET drive to en-
able 100A and higher 

current board designs. The LTC4282 ensures 
safe board insertion and removal from live 2.9  
to 33 V backplanes by controlling external N-
channel MOSFETs to gently power up capaci-
tors, avoiding sparks, connector damage and 
system glitches. High current hot-pluggable 
boards utilize parallel MOSFETs to reduce 
voltage drop, but all of these MOSFETs require 
large safe operating area (SOA) to ride through 
overcurrent faults.
Linear Technology 
www.linear.com

MMIC Mixers
The best MMIC mixers 
on the market are now 
available in surface- 
mount packages. Four 
models are available in 

standard diode level formats, in addition to the 
high level diode MM1-0424SSM. Each of these 
mixers is in a 3 mm QFN with a commercial 
standard layout, making them form fit compati-
ble replacements for many competing MMIC 
mixers. Please contact support@markimicro-
wave.com for more information or a competitor 
cross list.
Marki Microwave 
www.markimicrowave.com

6 GHz RF Attenuators 

MECA announced the 
addition of the 662 se-
ries, 2 W SMA attenua-
tors operating now up 
to 6 GHz. The 662-dB-

1F6 series attenuators cover all wireless appli-
cations from Hz to 6 GHz and are available in 
standard values of 3, 6, 10, 20 and 30 dB. As al-
ways products are made in the U.S. and carry 
MECA’s 36-month warranty.
MECA Electronics Inc. 
www.e-meca.com
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 SURFACE MOUNT COUPLERS

  SYDC-19-52VHP+

   30 to 512 MHz 

Mini-Circuits®

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

Visit minicircuits.com for detailed specs, performance data, free S-Parameters and off the shelf availability! 
Place your order today for delivery as soon as tomorrow!

60W Bi-Directional Coupler

  
✓ 19 dB coupling
✓ Low mainline loss, 0.3 dB
✓ Excellent VSWR, 1.05
✓ Miniature size, 0.75 x 0.52 x 0.43"

HIGH POWER

$3395
(qty. 100)from

   30 to 174 MHz
 100W Directional Coupler

SYDC20-171VHP+ 

$5595
(qty. 100)from

SCBD-16-63HP+

50 to 6000 MHz
 100W Bi-Directional Coupler

$1745
(qty. 100 )from

 40W Directional Coupler

  SYDC-20-61VHP+

 1.5 to 60 MHz

$3995
(qty. 100)from

  
✓ 20 dB coupling
✓  Low mainline loss, 0.25 dB
✓  Excellent VSWR, 1.05
✓  Miniature size, 0.75 x 0.52 x 0.39" 

  
                
✓ 16 dB coupling (from 3.5-6 GHz)
✓ Low mainline loss, 0.45 dB
✓ Good VSWR, 1.2
✓ Miniature size, 0.70 x 0.32 x 0.20"

  
✓ 20 dB coupling
✓ Very low mainline loss, 0.1 dB
✓ Excellent VSWR, 1.05
✓ Miniature size, 0.43 x 0.63 x 0.36"
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WIRE BOND

www.westbond.com

WEST·BOND INC. WEST·BOND INC.

WEST·BOND INC. WEST·BOND INC.

BOND

power. Dimensions are: length 8.5" × width 2.0" 
× thickness 0.9".
Raditek Inc. 
www.raditek.com

14 to 16 GHz Circulator 

Looking for a surface-
mount K-Band circula-
tor? Renaissance Elec-
tronics has designed a 
14 to 16 GHz true sur-
face-mount, coplanar, 
stripline circulator that 
can handle up to 30 W 
with less than 0.3 dB 

insertion loss. It features Ku-Band, surface-
mount, low loss, high isolation, temp stable and 
30 W power handling.
Renaissance Electronics & 
Communications LLC 
www.rec-usa.com

Multi-Octave Band Power Divider
Response Microwave 
Inc. announced the 
availability of its new 
multi-octave band pow-
er divider for use in 
ATE and production 
applications. The new 
RMPD4.2-18Sfb cov-
ers the 2 to 18 GHz 

band offering typical electrical performance of 
1.5 dB max insertion loss, VSWR of 1.40:1 max-
imum and minimum isolation of 20 dB. Power 
handling is 25 W and the unit is operational 
over the -35° to +85°C range. Mechanical pack-
age is 2.15" × 2.25" × 0.50", plus SMA female 
connectors. Unit configurations are currently 
available in 2, 4, 6 and 8 way splits.
Response Microwave Inc. 
www.responsemicrowave.com

SPDT Switch 

RFMW Ltd. an-
nounced design and 
sales support for Pere-
grine Semiconductor’s 
PE42920 dual differen-
tial SPDT switch oper-
ating from 10 kHz to 6 
GHz. The PE42920 

targets test and measurement applications 
where two independent differential signals are 
required to be switched. Having both switches 
in a small, 3×3 mm QFN package saves both 
board space and BOM cost as well as improving 
performance. Operating from a single 3.3 V 
supply, the Peregrine DDSPDT uses only 100 
microamps in typical operation. Yet, this switch 
has 30 dB of isolation between opposite active 
channels and 26 dB isolation between same 
channel inputs at 6 GHz.
RFMW Ltd. 
www.rfmw.com

Cable Filter
RLC Electronics’ cable 
filters can be designed 
as either lowpass, high-
pass or bandpass con-
structions, covering fre-
quency ranges up to 50 
GHz. These filters are 

N-Type Fixed Attenuator 

Mini-Circuits’ BW-30N100W+ is a 30 dB coax-
ial precision fixed attenuator providing high 
power handling of up to 100 W over the DC to 
6 GHz frequency range. This model supports 

many high power appli-
cations requiring pre-
cise attenuation over a 
broad frequency range 
including high-power 
measurement, match-

ing and instrumentation. It provides good 
VSWR (1.25 typ.), outstanding attenuation flat-
ness (±0.65 dB) and excellent thermal stability 
from -55° to 100°C. It features rugged construc-
tion with N-male to N-female connectors and 
heat dissipation fins for efficient cooling.
Mini-Circuits 
www.minicircuits.com

RF Couplers

P1dB announced in-stock availability of a series 
of broadband RF couplers that operate from 0.5 
to 18 GHz. The SMA directional couplers, se-
ries number P1CP-SAF-R518G30W, come in 
10, 20 and 30 dB values as standard items, but 
other values are available upon request. The di-
rectional couplers are designed to handle 30 W 
of input power and have a directivity perfor-
mance of up to 20 dB. A common coupling val-
ue for SMA couplers is 10 dB and its part num-
ber is P1CP-SAF-R518G30W-10. All coupler 
values and frequency ranges can be found in the 
coupler category page on the P1dB website.
P1dB RF & MW Components 
www.p1db.com

Threshold Detectors 

Pasternack’s latest re-
lease of threshold de-
tectors consists of 3 
unique models cover-
ing broadband frequen-
cy bands from 2 to 40 
GHz. Designs incorpo-

rate gain stages for higher dynamic range that 
cover input power levels ranging from -45 dBm 
to 0 dBm with a typical threshold variation over 
frequency of ±0.5 dB. One model supports a 
fixed threshold while the other 2 models sup-
port an adjustable threshold setting.
Pasternack 
www.pasternack.com

Power Divider
RADITEK’s newest 
model, the R2PD-500-
6000M-Nf-150W-w18 
(wideband) power di-
vider can operate at 500 
MHz to 6 GHz at 150 
W. It comes standard 

with N-female straight connectors. Operating 
temperature to -10° to +70°C. Adequate heat-
sinking is required for continuous use at full 

sales@metproco.com 
www.metproco.com 

978-649-1289

Specializing in 
Glass-to-Metal Seals

Feedthrus • Housings • Shrouds • Connectors

Guaranteed Highest Possible 
Hermeticity with Kovar®
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DK and DF vs. Frequency  
measured by a ring resonator

EZ-IO 2 mil wide traces

Nanotechnology Based Laminate for the Extreme in RF and Digital Frequencies

www.4taconic.com   •   1-800-833-1805   •   ISO 9001 Registered

u PTFE loss characteristics  
 (0.0012 @ 10 GHz)

u  Drill quality of FR-4

u  10 - 56 layer RF
 or digital multilayers

u  3 mil lines and spaces

Scan to learn more.

2.294

2.086
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available in conformable (FCLPF Series) and  
semi-rigid cable styles (CLPF Series) that are 
built to your cutoff, rejection and mechanical 
specifi cations, including cable length, bend po-
sition and angle. Computer designed and ad-
vanced coaxial techniques ensure optimal per-
formance in a minimum amount of space.
RLC Electronics Inc.
www.rlcelectronics.com

Connectorized High Performance 
180° Hybrid

The DJK-2100 is a con-
nectorized 4-port 0/180 
degree hybrid that 
spans the multi-decade 
frequency bandwidth of 
20 to 1000 MHz. It 
maintains phase and 
amplitude error track-
ing between outputs of 

±5 degrees and 1 dB maximum. The typical 
VSWR is 1.3:1 and insertion loss is 1.8 dB. This 
product is perfect for applications in HF 
through UHF-band in signal combining, can-
celing and sideband detection. The power han-
dling capability is up to 1 W maximum. The 
product is packaged in a small SMA housing 
measuring 1.25" × 1.25" × 0.75" (L×W×H).
Synergy Microwave Corp.
www.synergymwave.com

SP2T Pin Diode Switch

UMCC model SW-
B310-2S is an absorp-
tive SPDT Pin switch 
with TTL-driver. 
Switch features: 20 to 
6000 MHz operating 
band, 2 dB loss at 3 
GHz, 2.7 dB loss at 6 
GHz, 75 dB arm-to-

arm isolation, 150 ns rise/fall time, +27 dBm 
operating power, +5/-12 V supplies, all remov-
able connectors. Unit measures 0.85" × 1.10" × 
0.38".
Universal Microwave Component Corp.
www.umcc111.com

Attenuators and Terminations
Weinschel Associates 
announced the new 2 
kW model WA80 atten-
uators and 2 kW model 
WA1480 terminations. 
The new products sup-
port the DC to 3 GHz 
frequency band, utilize 
forced air cooling to al-
low continuous opera-

tion, and come with either N-Type or 7/16 DIN 
connectors. Standard attenuation values offered 
are 20, 30 and 40 dB.
Weinschel Associates
www.weinschelassociates.com

EXODUS
ADVANCED COMMUNICATIONS

Exodus Advanced Communications, Corp.
170 S. Green Valley Parkway Suite 300 Henderson, NV 89012 U.S.A.
Tel : 1-702-534-6564     Fax : 1-702-441-7016
Email : sales@exoduscomm.com     Web : www.exoduscomm.com

Sales contacts
Inside Sales : Christy Strahan Anderson
Domestic/International Sales : Bill Liebman
Technical Sales : Effi Bainvoll 

High Power Amplifiers / Low Noise Amplifiers  / Waveguide Components / Antennas & Cavity Filters
Modules & Systems / Power Levels available up to 3KW  / Frequencies available up to 40GHz
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The BB60C Real-Time Spectrum Analyzer & RF Recorder. 

Real-Time Spectrum Analysis—Without the Cost

Performance
Sweeps 24 GHz / sec

Exceptionally clean spurious 
and residual responses

Calibrated streaming I/Q data 
from 250 kHz up to 27 MHz 
bandwidths

Specs
9 kHz to 6 GHz

DANL-158 dBm + 1.1 dB/GHz (>10 MHz)

-40°C to +65°C operating temp available 
at full accuracy

±50 ns time stamp (w/ext. GPS)

Connects to a WindowsTM PC via USB 3.0

Value
Try the BB60C risk-free for only

$2,879
30-day money back guarantee & 2-year 
warranty. Hardware, Open Source Spectrum 
Analyzer Software, & API included.

1.800.260.TEST  
+1.360.263.5006 (International)

www.SignalHound.com

Includes our                      software.
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Solid-State Pulsed Power Amplifier
COMTECH PST intro-
duced a gallium nitride 
(GaN) amplifier for ap-
plications in the S-Band 
radar market. The AB 

linear design operates over the 3.1 to 3.5 GHz 
frequency band and is easily modified to also 
support 2.9 to 3.1 GHz radar applications. The 
amplifier design features include options for con-
trol of phase and amplitude to allow for integra-
tion into high power systems utilizing conven-
tional binary or phased array combining ap-
proaches for power levels of up to 10 kW.
COMTECH PST 
www.comtechpst.com

RF Amplifier 

Empower RF announced 
it is shipping a new, RF 
amplifier system that 
complements the fre-
quency coverage and 
power level “footprint” of 
its next generation, high 

power PA product family. Model 2180, covering 1 
to 2.5 GHz and delivering an unprecedented 2 kW 
CW of broadband output power in a 8U, air cooled 
chassis is its latest market release. Offering unri-
valed size, weight, and power advantages and build-
ing on a design architecture that has been a catalyst 
for technology upgrades from customers with di-
verse requirements from multiple markets, Model 
2180 provides excellent performance for end ap-
plications.
Empower RF Systems 
www.empowerrf.com

creasing data needs in aircraft, including pas-
senger in-flight entertainment (IFE) and essen-
tial electronic systems while reducing mainte-
nance downtime and operating costs. GORE® 
Aerospace cables deliver excellent signal integ-
rity for high speed data transmission up to 10 
gigabits over longer distances. They support 
standard protocols such as Ethernet Cat5e and 
Cat6a, USB 3.1 and HDMI 2.0.
W.L. Gore Inc. 
www.gore.com

Amplifiers
350 W Benchtop Power Amplifier 

The 350S1G6 provides 
wideband high linear 
output power over a 
frequency band of 0.7 
to 6 GHz. Over 350 W 
of output power is 
achieved with only 1 
milliwatt of input pow-
er. This amplifier is de-

signed using “Hybrid Microelectronics Tech-
nology” resulting with an amplifier with greater 
power density, lower size and lower production 
cost than previously possible.
AR RF/Microwave Instrumentation 
www.arworld.us

Cables & 
Connectors
0.35 mm Pitch Board to Board 
Connector

The 5857 Series newly 
developed by KCP are 
space-saving, board to 
board connectors fea-
turing a fine pitch of 
0.35 mm, stacking 
height of 0.7 mm (be-
tween boards) and a 

width of 1.9 mm. With the fine-pitch and low-
profile features, the connector achieves high 
robustness by covering both ends with metals, 
which prevents the connector from damage 
caused by misalignments. The new product has 
a unique contact structure like the KCP’s exist-
ing products, attaining high contact reliability 
against vibrations or drops.
KYOCERA Connector Products Corp. 
www.kyocera-connector.com

Aerospace Cables
W. L. Gore & Associ-
ates Inc. announced its 
family of high speed 
data cables for civil 
aerospace applications. 
These products address 
the industry’s ever-in-
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400 to 450 MHz Bidirectional 
Power Amplifier
The TTRM1076 is a high linearity bidirectional 
SSPA suitable for use with any modulation and 
signal type. It is currently utilized in UAV data 
links and long range point-point COFDM video 
links. High speed T/R switching and sequenc-
ing of the PA, LNA and switch driver 

circuitry is performed 
by an on-board CPLD, 
where switching timing 
can be adjusted in firm-
ware based on system 
requirements. The 

transmit section produces over 25 W of BPSK 
power, and over 6 W of 64 QAM. The unit also 
features a three color status LED on the front 
panel that shows if the SSPA is in transmit or 
receive mode, or if an alarm condition exists. 
The amplifier housing is weatherproofed per 
the guidelines of IP66.
Triad RF Systems Inc. 
www.triadrf.com

Semiconductors
45 V MOSFET

Alpha and Omega Semi-
conductor Ltd. intro-
duced a single n-chan-
nel 45 V MOSFET with 
an ultra-low on-resis-
tance of 1.15 mOhms at 
10 V. The AON6152 

provides the best combination of maximum 

75  PHEMT Dual RF Amplifier 

Richardson RFPD Inc. 
announced the avail-
ability and full design 
support capabilities for 
a new PHEMT dual RF 
amplifier from Qorvo. 
The TAT7472A1F is a 

75 V RF amplifier designed for CATV use but 
capable of operation up to 1218 MHz, making it 
suitable for DOCSIS 3.1. It contains two sepa-
rate amplifiers for push-pull applications and is 
fabricated using 6-inch GaAs PHEMT technol-
ogy to optimize performance and cost. Each 
amplifier contains on-chip active biasing, with 
bias current set points that are adjustable with a 
single resistor from the input to ground.
Richardson RFPD 
www.richardsonrfpd.com

Benchtop Broadband PA 

Model SBB-0132732526-KFKF-SB is a bench-
top broadband power amplifier operating from 
1 to 26.5 GHz. The amplifier provides 25 dB 

small signal gain and a 
minimum +25 dBm 
output power over the 
entire frequency range. 

The benchtop amplifier is designed to use 100 
to 240 V AC power directly from power line for 
laboratory use. The benchtop amplifier is 
equipped with K connectors for RF path and 
measures 3.75" (W) × 4.15" (L) and 1.75" (H).
SAGE Millimeter Inc. 
www.sagemillimeter.com

Pulsed Transistor
IGT2731M150 operates over the instantaneous 
bandwidth of 2.7 to 3.1 GHz. With 300s pulse 

width and 10% duty cy-
cle pulsing conditions it 
supplies a minimum of 
150 W of peak output 
power. Typical perfor-
mance is 165 W peak 
output power, 15 dB 
gain and 60% efficiency 

from a 50 V supply voltage. Available in either 
bolt-down or earless “S” package.
Integra Technologies Inc. 
www.integratech.com

30 dB Gain, Portable Amplifier 

PMI Model No. PTB-30-2040-5R0-10-
115VAC-292FF is a portable amplifier that 

operates over the 20 to 
40 GHz frequency 
range. This model pro-
vides 30 dB of typical 
gain with an OP1dB of 
+10 dBm minimum. 
This amplifier features 
an on/off switch that is 

located on the front panel and operates on 120 
VAC.
Planar Monolithics Industries Inc. 
www.pmi-rf.com
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Remote Collection System

Surveyor 500 combines 
the scanning receiver 
and the computer into a 
single device. Surveyor 
500 is a closed box sur-
vey tool. The user sim-
ply turns the unit on 

and Surveyor 500 will prepare itself and begin 
collecting data. Communication to the Surveyor 
500 can be established with any device capable 
of using an Internet connection or a remote 
desktop connection. For advanced users, a con-
nection can be made to the device using ether-
net. This feature makes Surveyor 500 able to 
become a remote probe.
QRC Technologies 
www.qrctech.com

Sources
RF Signal Generator 

This small intelligent 
RF signal generator op-
erates up to 6 GHz re-
mote controllable via 
USB or stand-alone (in-

ternal battery) batch program operation. Aaro-
nia’s new BPSG RF generator series offers up to 
+18 dBm, 65 dB dynamic range and internal 
TCXO (or external reference). It fits to every 
Aaronia antenna to get an active field-strength 
generator. Intelligent batch programs (sweep, 
ramp, modulation and frequency lists) start au-
tomatically after every power on. The BPSG 
starts at €499,95 and is made in Germany and 
includes a 10 year warranty.
Aaronia AG 
www.aaronia.de

Customizable RF/Microwave Signal 
Generator Solutions

Berkeley Nucleonics released new high perfor-
mance, robust and extremely cost effective RF/
microwave generators. BNC now offers 12, 20 
and 26.6 GHz frequencies. Each base frequen-
cy can now be customized with high output 
power (HP), no modulation (CW only), as well 
as rack mountable (R) 1U configurations for 
system integrations. BNC continues to offer the 
best low phase noise, fast switching speeds, ex-
tensive modulation capabilities in a portable 
lightweight benchtop, card level or rack mount-
ed package.
Berkeley Nucleonics 
www.BerkeleyNucleonics.com

power conversion efficiency and higher driver 
capability to minimize switching power loss. 
This latest addition to AOS’s medium voltage 
product portfolio is designed to address a wide 
range of applications including secondary-side 
synchronous rectification in AC/DC and DC/
DC converters, as well as industrial and motor 
drive applications.
Alpha and Omega Semiconductor Ltd. 
www.aosmd.com

K-Band Silicon SATCOM Rx Quad 
Core IC
The AWS-0102 K-Band silicon SATCOM Rx 
quad core IC supports 4 dual polarization radi-
ating elements with full programmable polar-
ization flexibility. The device provides 22 dB of 
gain with a noise figure of 3.4 dB at 20 GHz. 

Additional features in-
clude system controlled 
gain compensation over 
temperature and tem-
perature reporting via 

the serial control bus. Silicon technology en-
ables very high integration of functionality thus 
enabling planar antenna design at K-Band with 
reduced system size, weight and cost.
Anokiwave 
www.anokiwave.com

Systems
Direct Conversion Receiver ICs
The CMX994A and CMX994E are RF receiver 
ICs featuring I/Q demodulators with low power 
consumption and high performance features. 

They are targeted at the 
next generation of nar-
rowband and wideband 
Software Defined Ra-
dios (SDR) for wireless 
data and two-way radio 
applications. They are 

suitable for modulation schemes including: 
QAM, 4FSK, GMSK and pi/4-DQPSK. Key 
features include on-chip VCO for VHF applica-
tions, on-chip LNA, precision baseband filter-
ing with selectable bandwidths and a small PCB 
area, typically less than 50% of a dual superhet, 
it is claimed.
CML Microcircuits 
www.cmlmicro.com

Millimeter Wave System
MI Technologies’ milli-
meter wave system fea-
tures a combination of 
MI Standard Products 
to include a MI-350 ad-
vanced microwave 
measurement system 
w/local control unit, 
MI-757 mixer, MI-758 

multiplier and MI-3000 arena software w/3046 
SNF analysis.
MI Technologies 
www.mitechnologies.com

Dielectric Testers
Std Sizes ~100 MHz to 18 GHz
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6 GHz RF USB Signal Generator

DS Instruments introduced the SG6000M ul-
tra-compact RF signal generator. This sturdy 
all-aluminum device is USB powered and mea-
sures in at only 2.7" × 2.0" × 1.1" making it the 
size of a deck of cards. The SG6000M is a PC 
compatible instrument controllable via free PC 
GUI or as a COM port device supporting indus-
try standard SCPI commands for automated 
functionality.
DS Instruments 
www.dsinstruments.com

RF Receiver
IZT GmbH ex-
pands its indus-
try leading RF 
receiver family, 
introducing the 
IZT R3500. The 
new RF receiv-
er provides a 
high perfor-
mance solution 
for the intercep-

tion of RF signals. Instead of standard solutions 
with fixed filters, the R3500 offers a highly lin-
ear, flexible preselector with electronically con-
figurable start and stop frequencies. Modern, 
automatic signal classifiers are able to simulta-
neously analyze several megahertz of spectrum 
for any signals of interest. The interception of 
the high frequency (RF) signals poses an excep-
tional challenge for the dynamic range of any 
receiver, especially when large and sensitive an-
tenna systems are used.
IZT GmbH 
www.izt-labs.de

Software
XFdtd and Optenni Integration

Remcom announced the integration of XFdtd® 
electromagnetic simulation software and Op-
tenni Lab matching circuit optimization soft-
ware. The Optenni addition enables XFdtd us-
ers to more easily generate a matching network 
topology and initial component values for their 
device. Once the topology is chosen and physi-
cally laid out on the PCB, XFdtd’s circuit ele-
ment optimizer completes the matching net-
work design process by determining the optimal 
component values using full wave FDTD simu-
lation, taking electromagnetic phenomena, 
such as coupling, into account.
Remcom 
www.remcom.com
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MIL-STD-348, but utilize unique housing 

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

Proprietary techniques are used to independently
control plating thickness on pin and housing.
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and other package materials
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  RF Amplifiers, Isolators and 
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 Super low noise RF 
amplifiers 

 Broadband low noise 
amplifiers 

 Input PIN diode protected low 
noise amplifiers 

 General purpose gain block 
amplifiers 

 High power RF amplifiers 
and broadband power 
amplifiers 

 RF isolators and 
circulators 

 High power coaxial and 
waveguide terminations 

 High power coaxial 
attenuators 

 PIN diode power limiters 
 Active up and down 

converters 
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Test Equipment
Quantum SMART

Quantum SMART enables concurrent 
RF-biased burn-in testing for reliability 
validation, performance characterization 
and product qualification through a 
benchtop system controlled from a soft-
ware graphical user-interface. The Quan-
tum Smart fixture is a programmable self-
contained DC bias and RF stimulus con-
trol module capable of synchronizing in-

dependent pulsed-bias and pulsed-RF signals to a device-under-test or 
remote subsystem. Quantum Smart is compatible with Accel-RF’s 
LIFETEST software and is capable of “active” control and monitoring of 
bias, RF and temperature through embedded firmware.
Accel-RF 
www.accelrf.com

50 GHz Noise Parameter Measurement Capability
Modelithics Inc., 
through collaboration 
with Keysight Technol-
ogies and Maury Micro-
wave, now provides ex-
tended frequency noise 
parameter measure-
ments, a valuable addi-
tion to the long list of 
precision RF and micro-

wave measurement services already offered by Modelithics. Noise char-
acterization of devices from 0.3 to 50 GHz is now available. For addi-
tional information about Modelithics models and measurement services, 
please contact sales@modelithics.com.
Modelithics Inc. 
www.modelithics.com

Materials
NorCLAD Microwave Laminates

The unique properties of NorCLAD 
make it perfectly suited for use with patch 
antennas, and it has been used worldwide 
in land, sea and airborne applications. It is 
also widely used in stacking patch anten-
nas of different thicknesses, is highly sta-
ble over temperature, has very uniform 
and repeatable electrical properties, and is 
extremely cost-effective when compared 
to PTFE as it is made from thermoplastic 
polyphenylene oxide (PPO).

Crane Polyflon 
www.polyflon.com

32 kHz Quartz Crystals
The advantages of power consumption re-
duced by 40% less than conventional lev-
els can be attributed to Geyer Electronics 
new 32 kHz quartz crystal design for oscil-
lator circuits. In a series of extensive test 
procedures, Geyer engineering deter-
mined that the 32 kHz design not only 
opens a broader range of lower power ap-

plications but also contributes to improved start-up performance, faster 
start-up time and stable operation for lower drive levels.
Geyer Electric 
www.geyer-electronic.com
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Distributed Power Amplifiers  
for RF and Microwave  
Communications 
Narendra Kumar and  
Andrei Grebennikov  
Hardcover • 372 pp. • 2015  
ISBN: 978-1-60807-831-8  
$179 / £129  

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 to: artech@ArtechHouse.com

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

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. 

NEW MiCRoWAvE TiTlEs

introduction to RF and 
Microwave Passive 
Components
Richard Wallace and  
Krister Andreasson
Hardcover • 400 pp. • 2015  
ISBN: 978-1-63081-008-5 
$149 / £99

RF Positioning: Fundamentals,  
Applications, and Tools 
Rafael Saraiva Campos and  
Lisandro Lovisolo 
Hardcover • 320 pp. • 2015   
ISBN: 978-1-60807-816-5 
$179 / £125

A R T E C H  H O U S E

BookEnd

T he ideal of work-life balance has been 
a conundrum and tension throughout 
my career. Naïve dream or achievable 

goal? Wikipedia says the term was fi rst used 
in the U.K. in the late 1970s and appeared 
in the U.S. in 1986. Although work-life bal-
ance has been widely discussed, corporate 
endorsement and adoption have been slow. 
Work as life’s top priority, refl ected by long 
hours, seems the norm at many companies, 
particularly in the tech sector. Birthing a new 
technology is fraught with schedule slips 
and budget overruns. Adding Andy Grove’s 
well-known paranoia that the competition 
will reach the goal line fi rst, it’s not surpris-
ing that company culture belies the framed 
value statements on the walls of the confer-
ence rooms.

Thirty years after the term fi rst appeared 
in the U.S., work-life balance clearly remains 
an issue, perhaps more so because of com-
munications technology that keeps us con-
stantly connected. Perhaps this motivated 

of work-life balance changes over the course 
of a career. A recent graduate beginning a 
career may be inspired by her work, the op-
portunity to convert theory to practice, to 
contribute to the industry, to prove herself. 
She doesn’t mind the long hours. Approach-
ing retirement, the seasoned veteran who has 
lived through multiple corporate initiatives, 
reorganizations and mergers, survived a few 
layoffs and accumulated hundreds of thou-
sands of airline miles visiting customers may 
wish for a more measured pace, away from 
the organizational bureaucracy and para-
dox, yet still wanting to leave a legacy for the 
many years of service to the industry.

If you’re looking for fi ve simple steps to 
nirvana, you’ll be disappointed. Hutcheson 
provides gentle guidance that can help you 
discern your priorities and identify the ac-
tivities that give you the most satisfaction. 
Then it’s up to you to focus on those and 
accept the trade-offs.

the IEEE to address the topic by publishing 
two small volumes: “Work-Life Balance,” 
Books 1 and 2. The two “books” – perhaps 
they should be called white papers, as they 
are under 20 pages each and can be read in 
a single sitting – address those of us who are 
seeking balance, rather than advocating that 
corporations change their cultures. 

Like all self-help books, if these are to 
have an impact, it will be from the refl ection 
and actions that follow the reading. After 
providing a working defi nition of work-life 
balance (“the state of control, achievement, 
and satisfaction in your life”), author Peggy 
Hutcheson writes that the “right” balance is 
personal, unique to each of us and one that 
changes over the course of a career. Our 
sense of balance ebbs and fl ows from week 
to week, refl ecting the dynamic demands 
of our work and personal responsibilities. 
Reaching a sense of balance requires that 
we discern what’s important to us, then have 
the courage to follow that path.

To assist with that discernment, Hutcheson 
poses 10 questions that explore various psy-
chological dimensions, such as the tension you 
feel from the competing priorities that tug on 
you, your perception of the expectations of 
your colleagues and management, whether 
you feel you have the power to choose how 
you spend your time and how much energy 
it takes to manage the negative emotions that 
arise from feeling out of balance. 

The second book tells how the fulcrum 

Work-Life 
Balance
Peggy Hutcheson, Ph.D.

Reviewed by:
Gary Lerude

To order this book, contact:
IEEE USA Books & eBooks

Book 1 ISBN: 978-1-61284-029-1
15 pages

Book 2 ISBN: 978-1-61284-028-4
19 pages

Each book: $4.79 for an IEEE member, 
$5.99 for a non-member

http://ieeexplore.ieee.org/
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RF/Microwave Training Series
Presented by: Besser Associates
• Introduction to Radar
• RF Components for Aerospace & Defense
• MMIC Design Overview

Technical Education Training Series
• Very-Near-Field Scanning Solutions for Pinpoint Diagnosis of EMC 

Compliance Problems
• GaN Technology in Mainstream RF Energy Applications
• RF PCB Design
• VCO Fundamentals
• Preview of FEKO 14.0 Under Altair HyperWorks
• Highly Integrated Silicon ICs – A Disruptive Technology for Phased Arrays
• Microwave and Millimeter-Wave High Frequency Circuit Material 

Performance (up to 110 GHz)
• Reducing VNA Test Costs and Decreasing Test Times
• Simulation of Radio Frequency Interference (RFI) in our Wireless World
• Developing Flexible & Reusable, Automated Test Systems with Fast 

Turnaround Times
• New Thermoset PCB Materials Improve mmWave Performance and 

Reliability at Reduced Cost
• Bonding Layer Material Selection for Use in High Performance Multi-

layer Circuit Board Design: Thermoset and Thermoplastic Options
• Narrowband Planar Filter Design with NI AWR Design Environment 

Software
• Simulating MRI Heating of Medical Implants
• GaN Going Mainstream
• Internet of Things (IoT) and Over-the-Top (OTT) Applications – How to 

Quantify Signaling Impact and Power Consumption

CST Webinar Series 
• Precise High Frequency Modeling of SMD Components
• Electromagnetic Simulation Supporting Aircraft Certifi cation
• Phased Array, FSS and Polarizer Design
• Introducing CST STUDIO SUITE Student Edition

Innovations in EDA
Presented by: Keysight Technologies
• How to Design Broadband Impedance Matching Networks
• How to Design Power Electronics: HF Power Semiconductor Modeling 
• Avoid Design Hazards and Improve Performance with Electro-Thermal 

Simulation

Keysight in LTE/Wireless Communications Series
• A Flexible Testbed for 5G Waveform Generation and Analysis

Keysight Technologies Webcast
• Best Practices to Optimize Power Meter Sensor Measurements
• 5G Channel Sounding Challenges and Test Approaches
• Achieving Fast, Accurate Multi-Channel Power Measurements Over a 

Wide Dynamic Range
• Seven Best Practices to Avoid Damaging Power Meters and Sensors
• Multiport and Multi-Site Test Optimization Techniques

Keysight in Aerospace/Defense
• Test and Measurement Trends for Aerospace and Defense
• Closed Loop Adaptive EW Simulation

RF and Microwave Education Series
Presented by: Keysight Technologies
• Understanding New Pulse Analysis Techniques
• RF/ µW Switching Solutions

Presented by:

Past Webinars On Demand

November Short Course Webinars
Technical Education Training
Breakthroughs in Phased Arrays and Radars: An Update
Sponsored by: National Instruments/AWR
Live webcast: 11/4/15

Technical Education Training
Antenna Simulation with COMSOL
Sponsored by: COMSOL
Live webcast: 11/5/15

CST Webinar
Graphene-Enhanced Devices: Simulation-based Design 
from Microwave to Optical Frequencies
Live webcast: 11/5/15

CST Webinar
Advanced PCB Rule Checking for Signal Integrity and 
EMC
Live webcast: 11/12/15

Register to attend at mwjournal.com/webinars

RF/Microwave Training
Passive Components: Dividers, Couplers, Combiners
Sponsored by: Mini-Circuits
Presented by: Besser Associates
Live webcast: 11/17/15

Technical Education Training
Port Tuning – EM Accuracy and Circuit Theory Speed
Presented by: Sonnet Software
Live webcast: 11/18/15

Technical Education Training
Passive Intermodulation (PIM) in Printed Circuit Boards: 
Mechanisms and Mitigation
Sponsored by: Isola
Live webcast: 11/19/15

CST Webinar
Multipactor & Breakdown Analysis of RF Components
Live webcast: 11/24/15
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CABLESCABLES
TM

HAND
FLEX

                      from 

$9 75
DC to 18 GHz 

IN STOCK

ea. (qty. 1-9)

 

                                        
  
Standard lengths from 3 to 50" are in stock for same-day shipping.
You can even get a Designer’s Kit, so you always have a few on hand. 
Custom lengths and right-angle models are also available by preorder. 
Check out our website for details, and simplify your high-frequency 
connections with Hand Flex!

 Get the performance of semi-rigid cable, and the versatility 
of a flexible assembly. Mini-Circuits Hand Flex cables offer the 
mechanical  and electrical stability of semi-rigid cables, but they’re 
easily shaped by hand to quickly form any configuration needed 
for your assembly, system, or test rack. Wherever they’re used, the 
savings in time and materials really adds up! 
 
Hand Flex cables deliver excellent return loss (33 dB typ. at 9 GHz 
for a 3-inch cable) and low insertion loss (0.2 dB typ. at 9 GHz 
for a 3-inch cable). Why waste time measuring and bending 
semi-rigid cables when you can easily install a Hand Flex 
interconnect? o S

C O M P L I A N T

RoHS compliant

Mini-Circuits®

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

Hand Flex Cables conform to 
any shape  required.

  
Hand Flex cables are available in 0.086" and 0.141" diameters, 
with a tight turn radius of 6 or 8 mm, respectively. Choose from 
SMA, SMA Right-Angle, SMA Bulkhead or N-Type connectors 
to support a wide variety of system configurations. 

Two popular diameters to fit your needs. 

SMA Right Angle SMA Bulkhead N-Type

Excellent return loss, low insertion loss, DC-18 GHz.

Standard   lengths in stock, custom models available .
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I
n a world that is fl at, where so much manufacturing 
has moved offshore and is dominated by massive fi rms, 
why would anyone want to be a contract electron-

ics manufacturer based in the U.S.? Zentech CEO Matt 
Turpin, shown above, smiles when asked the question. He 
sees the company’s mission as more than “putting parts 
on boards,” although doing that well is the foundation of 
Zentech’s business. Since its start in 1998, the Balti-
more fi rm has honed a competency manufacturing highly 
complex designs for high reliability applications, whether 
small lots or runs of 100,000. On that base, Zentech has 
built a suite of value-added services, including inventory 
purchasing and management, board design and layout, 
test system development, fi nal assembly, failure analysis, 
quick-turn prototyping and RF manufacturing and test. 

To ensure the highest quality, Zentech invests in ad-
vanced surface-mount technology and process capability 
and employs best manufacturing practices. This includes 
automated optical inspection of solder paste components 
and completed assemblies, 3D X-ray technology and lean 
manufacturing. Their many certifi cations testify to this 
philosophy of ongoing improvement: ISO 9001:2008, 
AS9100:2009, ISO 13485:2003, JCP DD2345, IPC Class 
3 Trusted Source QML certifi ed, IPC J-STD 001 Space 
certifi ed and ITAR registration. The company’s name even 
refl ects this commitment: Zentech is an amalgam of 
“tech” for technology and “zen” from the Japanese word 
Kaizen, meaning improvement.

Almost half of Zentech’s business comes from defense 
and aerospace customers. These are familiar names: 
ARDEC (the U.S. Army’s Armament Research Develop-
ment Engineering Center) , L3 Communications, NAVSEA 
(Naval Sea Systems Command), Northrop Grumman and 
Raytheon. From a start in C5ISR (Command, Control, 
Communications, Computers, Cyber, Intelligence, Surveil-
lance and Reconnaissance), Zentech has expanded to 
serving radar and electronic warfare. Its assemblies fl y on 

the F-16, F-22 and F-35, and the company is one of only 
two contract electronics manufacturer certifi ed by the 
IPC Validation Service for space assemblies. The remainder 
of Zentech’s business comes from medical, communica-
tions and industrial controls applications, where perfor-
mance and reliability are demanded.

While the global electronics manufacturing services 
market is growing between 5 and 6 percent annually, 
Zentech will grow 30 percent this year, doubling the 
number of customers they serve. The growing customer 
base refl ects the truism that new customers tend to 
become long-term customers when they experience how 
easy it is to do business with Zentech. To accelerate 
their growth, earlier this year Zentech acquired Colonial 
Assembly & Design (CA&D). CA&D brings a 30-year 
heritage as a prime contractor for electronics systems 
design and manufacturing, serving the Department of 
Defense and both military and commercial aviation. They 
strengthen Zentech’s capabilities in engineering, product 
design, circuit design, machining, cable assembly and wire 
harnessing.

So why does Matt Turpin believe so strongly in Zentech, 
in a world that is fl at and with such tough competition? 
He says, “The world has always been changing. The eco-
nomic landscape has changed with it, as the world becomes 
increasingly ‘fl at’ and those with competitive advantage 
emerge and become noticed. But, increasingly, businesses 
are fi nding that competitive advantage doesn’t necessar-
ily mean least expensive. Apple doesn’t have the cheapest 
phones, Tesla doesn’t have the cheapest cars and Zappos 
doesn’t have the cheapest shoes – yet all of them continue 
to win and compete. Zentech loves to compete by ensuring 
that organizations are successful in bringing their products 
to market quickly, reliably, competitively and focused on low-
est total cost. We are proud of the fact that thousands of 
people continue to have jobs because of our ability to help 
make their companies successful.”
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A ctive electronically scanned ar-
ray (AESA) antennas have been 
employed for military phased ar-

ray radar systems for over fi ve decades. Their 
popularity has dramatically increased recently 
as advances in technology enable compact, 
low cost arrays for commercial applications.1 
As they are adopted for markets as disparate 
as weather radar, sense-and-avoid radar for 
commercial and private drones, global ground-
satellite communication for Internet access as 
well as 5G infrastructure, they are poised to be-
come even more prevalent.2 Indeed, the use of 
phased array techniques to provide advanced 
antenna aperture capabilities is seen as funda-
mental to the rollout of 5G infrastructure.3,4

One of the driving technologies for this 

path to growing adoption is the increasing use 
of silicon-based (Si) technologies (SiGe BiC-
MOS and RF CMOS) to provide increased 
functional density and capability within a 
single die/package.5 This article reviews some 
of the technical challenges of building high 
density planar phased arrays and suggests that 
solutions to these problems can be found by 
greatly increasing the level of integration in the 
IC solutions, thus enabling large-scale planar 
AESA arrays. By taking advantage of the inte-
gration capability of silicon, additional system 
level functionality such as on-chip diagnostics, 
built-in self-test (BIST) and built-in calibration 
(BICAL) can be utilized to give the end user 
far more visibility and control over the opera-
tion of the array. Examples of the performance 
features that can be embedded into highly in-
tegrated application specifi c integrated circuits 
(ASIC) used in silicon-based AESA arrays will 
be discussed.

Figure 1 shows a simplifi ed one-dimen-
sional illustration of a phased array antenna, 
consisting of a row of isotropic radiators. The 
composite response of the antenna pattern in 
the far-fi eld is a function of the amplitude and 
phase excitation at each element. Simplisti-
cally, the careful control of each amplitude and 
phase response determines the magnitude and 
scan angle of a single- or multi-beam antenna 
pattern. One of the constraints for a wide scan 
angle antenna pattern is the restriction that 
each of the antenna elements is spaced by no 
more than a free space half wavelength (�0) to 
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 Fig. 1  Simplifi ed one-dimensional planar array antenna consisting of a row of 
isotropic radiators. The far fi eld antenna pattern is a composite of the excitations at 
each element.
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tionality in a single package.8 GaAs 
technologies that are commonly used 
for these functions due to their high 
electron mobility and associated per-
formance metrics are expensive and 
limited in their integration capabil-
ity. By comparison, high performance 
SiGe BiCMOS and RF CMOS have 
demonstrated the required perfor-
mance at microwave and millimeter 
wave frequencies in multiple applica-
tions.5 In addition, their ability to inte-
grate dense functionality results in the 
potential for combining product solu-
tions that can support multiple radiat-
ing elements within a single package. 
Figure 4 is a functional block diagram 
of a single component that simultane-
ously supports dual polarization and 
four radiating elements.

HIGHLY INTEGRATED SOLUTION
This section reviews an example of 

how a highly integrated TDD (time-
domain duplex) transmit-receive chip 
supporting four discrete antenna el-
ements may be confi gured to meet 
the objective requirements of cost, 
size and functionality. It is packaged 
within a standard commercial QFN-
style plastic package measuring 7 × 
7 × 0.9 mm, and easily fi ts within the 
15 mm lattice spacing at 10 GHz for 
X-Band applications. The IC consists 
of four distinct quadrants that can 
each be operated and controlled dis-
cretely, with the ability to simultane-
ously drive four antenna elements in 
transmit mode. In addition, there are 
eight independent receive ports – two 
per quadrant – that allow for dual po-
larization on each antenna element 
when operating in receive mode. 
Transmit and receive waveforms can 
be weighted independently with 12-
bit complex vector modulators con-
sisting of 6-bit phase control, where 
the least signifi cant bit (LSB) is 5.625 
degrees, and 6-bit amplitude control, 
providing 31.5 dB dynamic range and 
LSB of 0.5 dB.

Figure 4 shows this partitioning in 
more detail. Each quadrant consists 
of a Tx/Rx arm sharing a common 
path vector modulator (complex am-
plitude and phase) as well as a second 
receive-only arm which shadows the 
Tx/Rx function. Central to the quad-
rant based operation is a chip-core 
where the modulated received signals 
are coherently combined and feed a 
common RF port. The TDD based 

primary enabler for 
a planar-form solu-
tion is for the ana-
log beamforming 
circuitry – transmit 
(Tx), receive (Rx) or 
transceiver (Xcvr) 
– to fi t physically 
between the ele-
ments of the anten-
na lattice. Figure 2
shows an illustration 
of how this may be 
realized, where the 
beamforming ASICs 
are surface mounted 
to a PCB with the 
antenna radiating 
surface on the oppo-
site side. Note that 

in this highly idealized drawing, sig-
nal routing and heat sinks for thermal 
power management are not shown.

So far, so good. But the challenge 
of this approach can be appreciated by 
considering how the available physical 
dimensions rapidly shrink as a func-
tion of frequency. To a fi rst order, the 
lattice spacing between antenna ele-
ments is constrained to a half wave-
length to avoid the presence of grat-
ing lobes, which is plotted in Figure 3

as a function of the 
operating frequen-
cy. (In reality, the 
maximum spacing is 
also a function of the 
maximum required 
scan angle). The 
physical constraints 
governing the avail-
able area for compo-
nent integration falls 
dramatically from 
37.5 mm at 4 GHz 
(S-Band) to 15 mm 
at 10 GHz (X-Band) 
and only 5 mm at 30 

GHz (Ka-Band).
Unfortunately, discrete based solu-

tions in commercially available sur-
face mount device (SMD) packages 
can easily exceed these limitations, 
as their combined area and allowance 
for interconnects and support com-
ponentry occupy a large footprint. At 
X-Band and above, increased integra-
tion becomes the only way to make 
such a planar system a viable option. 
Solutions have become available in 
recent years that integrate single ele-
ment beam formers with Tx/Rx func-

avoid the generation of grating lobes, 
where waves from each element are 
summed in phase producing beams in 
undesired directions.6,7 Beamforming 
can be performed in either the analog 
or the digital domain (or both) with 
trade-offs in system performance for 
complexity, linearity and power dissi-
pation.

Planar phased array antenna so-
lutions are attractive in providing a 
compact, and potentially low-profi le 
form, thus enabling their use in a 
broader range of applications.2 The 

 Fig. 2  Side (a) and plan (b) views, showing beam forming ASICs 
mounted on the backside of the planar antenna array.
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5 produces the same result: distor-
tion of the desired vector by a para-
sitic phasor that causes amplitude or 
phase distortion or both. In the sim-
plest case, maximum amplitude error 
occurs when the coupled phasor is in 
phase with or exactly out of phase with 
the desired vector. Here, the magni-
tude of the error vector is

A dB 20 log 1 c (1)error 10 ( )( )Δ = ±

Similarly, the maximum phase er-
ror occurs when the coupled phasor is 
orthogonal to the phase of the desired 
vector, resulting in a maximum phase 
error of

deg tan c (2)error
1( )Δϕ = −

The magnitude of the total ampli-
tude and phase error of the desired 
vector needs to be maintained below 
½ LSB, leading to a relationship be-
tween the number of available bits of 
amplitude and phase resolution and 
the allowable level of coupling be-
tween signal paths. Figure 6 shows 
how this relationship varies for several 
combinations of vector modulator res-
olution. For example, to maintain the 
required accuracy for 6-bit amplitude 
and phase control, the magnitude of 
the worst case error vector needs to 
be less than 26 dB when normalized 
to a vector magnitude of 1. This fi g-
ure, though, does not account for the 
effect of channel gain on the magni-
tude of the coupled signal. Figure 7 
shows how the level of coherent gain 
imposes more stringent requirements 
on the allowable coupling and drives 
increased channel-channel isolation. 
As the desired channel gain increases, 
the required coupling must decrease 

operation of the die 
allows the combiner 
network of the Tx/
Rx arm to be used 
for coherent power 
splitting when oper-
ating in the transmit 
mode. Over 31 dB 
of dynamic range is 
therefore available 
in each discrete an-
tenna element path 
through varying 
the discrete vector 
modulators. This 
dynamic range can be used for array 
taper or other gain control functions. 
The settings of each of the vector 
modulators, as well as the other func-
tions on the chip, are controlled using 
a serial peripheral interface (SPI) for 
data transfer and control signal man-
agement.

Temperature compensation of the 
entire chip can be enabled through 
additional digital variable attenuators 
(DVA), allied with active gain stages 
in each of the common combiner 
ports to extend the controllable dy-
namic range of the IC to over 50 dB. 
This can be used in conjunction with 
an on-chip temperature sensor to ac-
count for temperature changes within 
the IC and also compensate other 
temperature sensitive components 
elsewhere in the system. Real-time, 
closed loop temperature compensa-
tion can be implemented by reading 
data from the IC temperature sensor, 
updating the appropriate settings and 
using available data for external com-
ponents. Maximum system fl exibility 
results from the gain control partition-
ing provided by the chip.

PHASE AND AMPLITUDE ACCURACY
Although an increase in the num-

ber of antenna elements that can be 
supported by a single component, by 
utilizing the benefi ts of the functional 
integration density of Si, has several 
advantages (i.e., reduced bill-of-mate-
rials, reduced inventory, smaller PCB 
integration form-factor), it is not an 
approach that can be followed with 
impunity. Other functional and per-
formance considerations include the 
ease of routing low-loss and controlled 
impedance transitions between the 
various RF ports and the antenna ele-
ments, thermal dissipation paths, the 
number of external components, sig-

nal and supply path constraints and 
unwanted signal coupling.

Figure 5 shows how signal cou-
pling and appropriate isolation be-
tween signal paths needs to be con-
sidered and the potential limitations 
they may impose on system perfor-
mance. In this example, four discrete 
Rx paths – a1, a2, a3, and a4 – are in-
put to a common beamformer IC and 
coherently combined with a summed 
output signal of bc. Ideally, each of 
the four signal paths would remain 
isolated up to the input of the sum-
ming network, and the complex beam 
weight (Ai, �i) applied to each signal 
would have zero associated amplitude 
and phase error. In reality, non-ideal-
ities in each of the vector modulators 
and other components in each signal 
path will impose some level of AM-
AM, PM-AM and AM-PM distortion, 
resulting in an associated error in the 
signal vector. In theory, any of these 
corrupting infl uences are well known 
and modeled during the design phase; 
as long as they are maintained below 
the magnitude of ½ LSB, they should 
not degrade performance.

More diffi cult to deal with is cou-
pling between signal paths that may be 
less predictable, arising from several 
sources including signal transmission 
lines between the antenna elements 
and the component RF ports, signal 
coupling within the package through 
the unwanted radiation of bondwire 
transitions, dielectric material load-
ing of the package over-mold and 
parasitic and leakage path coupling 
through other on-chip networks that 
are more diffi cult to account for at 
high frequencies.9 These may include 
such disparate paths as bias distribu-
tion networks, pad-rings and ESD 
domain coupling. Regardless of the 
source, the effect illustrated in Figure 

 Fig. 5  Unwanted signal coupling degrades modulated waveform 
accuracy, inducing AM-AM and AM-PM errors.
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a port-port isolation of approximately 
-38 dB, accounting for the coherent 
receiver gain.

ADVANCED FEATURES WITH 
INTEGRATION

The core technology enabler of 
dense functional integration is the abil-
ity to integrate multiple controllable 
circuit blocks within a single die using 
Si-based processes and control the op-
eration using the SPI ports. It is then 
only a small additional step to use the 
access to the die provided by the SPI 
to embed supplementary functions 
and controls that can be controlled 
digitally by the customer to increase 
operational fl exibility. In this example, 
a proprietary 5-wire, 50 MHz SPI has 
been used. This has been designed to 
minimize coupling between digital and 
RF signals.  With the proprietary SPI 
bus, multiple ICs in a row or column 
or any other subset of an array can be 
daisy chained and driven by a single 
bus and latched in tandem.

In addition to the ability to write 
vectors to multiple registers, the SPI 
also allows read-back from functional 
blocks on the IC. This capability gives 
the array system integrator insight 
into real-time operation through the 
addition of on-chip telemetry. Each 
transmit arm includes an on-chip 

the resulting NF would be 4.1 dB 
higher. The input 1 dB compression 
point for the receiver is approximate-
ly -2 dBm at the center of the band.  
This is measured on a single channel.

The performance of the vector 
modulator is shown in Figure 10. All 
12 bits of amplitude and phase states 
(4,096 states) were measured and 
graphed on a polar plot. The concen-
tric circles and linear spokes of the fi g-
ure are indicative of the low PM-AM 
and AM-PM distortion of the vector 
modulator. Figure 11 shows the ex-
plicit RMS phase and amplitude error 
across the band. The amplitude error 
is less than 0.5 dB, while the phase er-
ror is less than 3 degrees, or about 2/3 
LSB. The channel-channel isolation 
can be inferred from a combination 
of measured S-parameters and beam 
rotation. A signal coupled to the com-
mon output port and superimposed 
upon the desired signal vector will 
cause AM-AM and AM-PM errors 
in the signal vector, as previously de-
scribed. By measuring the signal path 
from any Rx input to the common out-
put beam former port and adjusting 
the beam weight settings of the non-
signal path vector modulators, the 
magnitude of the signal coupling into 
the main signal path can be estimated, 
as shown fi guratively in Figure 5. The 
measured error in the phase response 
is approximately ±1.5 degrees as 
shown in Figure 12, corresponding to 

dB for dB to keep the same ½ LSB er-
ror. For example, if the channel gain is 
20 dB and the vector modulator pro-
vides 6-bit complex modulation, the 
absolute isolation required becomes 
26 dB + 20 dB or 46 dB.

ACTUAL PERFORMANCE METRICS
This section presents measured 

data for a commercially available 4-el-
ement beam former IC, to indicate 
the available performance for a highly 
integrated, multi-element solution. 
Figure 8 shows the measured coher-
ent receiver gain, which is defi ned as 
the combined (superimposed) signal 
gain between each of the four receiver 
ports and the output of the coherent 
combiner. The vector modulator for 
each signal path is set to a common 
complex beam weight for this mea-
surement, resulting in a coherent gain 
that is approximately 7 dB across the 
band. The amplitude imbalance be-
tween the ports is < 1 dB, including 
mismatch.  Noise fi gure (NF) versus 
frequency is shown in Figure 9. This 
has been adjusted to refl ect the NF 
seen when each port is driven from 
non-coherent noise sources. The NF 
at the center of the band is 14 dB. If 
only a single channel were measured, 

 Fig. 7  Required minimum channel-
channel isolation increases with coherent gain.
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using the SPI bus and then directly 
addressed via a 3-bit direct addressing 
parallel interface, eliminating the wait 
for a serial load via the SPI bus. This 
means that the beams can be switched 
in as fast as 50 ns. These two modes, 
programming on the fl y and fast beam 
steering, provide fl exibility for any ra-
dar application.

CONCLUSION
Planar AESAs require increased 

compaction of circuit functionality to 
maintain the required form factors 
at high frequencies. This is driven by 
the minimum lattice spacing require-
ments of antenna elements, to avoid 
the introduction of grating lobes in the 
radiation patterns of the antenna. One 
of the consequences of increased func-
tional density is reducing the number 
of required components and reducing 
the cost for the entire bill-of-materials. 
A proven method for achieving this 
compaction is realizing the circuitry in 
a highly integrated Si IC. Additional 
benefi ts of this technology are the abil-
ity to integrate control and tuning ele-
ments to trim the optimal performance 
of the IC, using a serial interface, and 
providing telemetry for system moni-
toring, such as temperature and output 
power. Reducing the physical dimen-
sions requires careful design to avoid 
limiting the accuracy of the available 
beam weight resolution through un-
wanted signal coupling paths; however, 
this has been shown to be possible. 
Other performance metrics possible 
with a 12-port IC supporting dual-po-
larization Tx/Rx receive functionality 
for a 4-element antenna solution have 
also been presented. ■
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power detector that samples the out-
put signal with 5-bit resolution and 
provides the power measurement as 
a digital word to the SPI. In addition, 
the time at which the transmit power 
is measured can be determined by the 
user. This accommodates radar sys-
tems with varying pulse widths and 
also provides information on trans-
mit pulse droop, if the measurement 
interval is varied pulse to pulse. Fig-
ure 13 shows the detector output vs. 
power level and frequency. Similarly, 
on-chip temperature sensing provides 
real-time information and insight into 
the reliability of the IC.

Separate pins are provided to en-
able either transmit or receive mode, 
providing the fl exibility to select the 
desired set-up time between activat-
ing transmit or receive DC power and 
when the RF waveform is applied. 
To minimize power dissipation, all 
transmit functions are powered down 
when the IC is in receive mode and 
vice-versa during transmit. The DC 
power consumption is 1.8 W in trans-
mit, 1.7 W in receive if both receive 
beams (4-elements, dual polarization) 
are active and 1.3 W in receive if only 
one receive beam (4-elements, single 
polarization) is active. The chip is bi-
ased with a 1.8 V supply.

Another feature is the ability to set 
the chip in a calibration mode, where 
only one quadrant at a time is enabled.  
Separate pins are provided to commu-
nicate with an external front-end chip 
so that a complete channel-by-channel 
calibration can be performed. A fur-
ther programming feature is the delay 
time between data latch and beam 
weight adjustment. The simultaneous 
change to all of the transmitters in a 
large array can create spurious lobes 
and system level problems. Dithering 
the time between latch and change for 
each IC can avoid this.

Lastly, programming the vector 
modulator for a single IC only takes 
4.5 µs at 50 MHz. If a large number 
of ICs are daisy-chained for row-
column addressing operations, the 
entire process can take substantially 
longer. One solution to this is to al-
low fast beam steering (FBS) by in-
corporating a programmable register 
stack with each vector modulator that 
can be pre-programmed with 12 bits 
of phase and amplitude information. 
Each vector modulator has a stack of 
eight registers that can be pre-loaded 

 Fig. 13  Transmit path output power code 
vs. input power at 9, 10 and 11 GHz.
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W hile LTE and LTE-Advanced are 
still being deployed, research into 
next generation wireless networks 

is already in high gear. That next generation – 
5G – will likely comprise a dense, highly inte-
grated network of small cells supporting peak 
data rates of up to 10 Gbps and 1 ms or less 
roundtrip latencies, while utilizing a number of 
different air interfaces at both microwave and 
millimeter wave frequencies. The combined 
network may be able to support everything 
from simple machine-to-machine (M2M) de-
vices to immersive virtual reality streaming. 
While that bodes well for an end user experi-
ence, it presents some interesting challenges 
for those engineers developing 5G systems.

Making the leap from prediction to practical 
implementation starts with the creation, genera-
tion and analysis of prototype signals. As there 
is no 5G standard at this time, no physical layer 
waveforms have yet been defi ned. Although 
there is a lack of consensus on 5G waveforms, 
fi lter bank multi-carrier (FBMC), universal fi l-
tered multi-carrier (UFMC) and orthogonal 
frequency-division multiplexing (OFDM) wave-
forms are being considered. Other potential 
candidates include waveforms at sub-6 GHz fre-
quencies and those at microwave and millimeter 
wave (mmWave), which may involve wide band-
widths of up to 2 GHz. The number and variety 
of waveforms, frequencies and bandwidths be-
ing researched introduce new test challenges for 
5G signal generation and analysis.

Key to overcoming these challenges is fl ex-
ibility during 5G research and early testing. 
Engineers must have the ability to perform 

“what-if” analyses while they are evaluating 
early concepts and new candidate 5G wave-
forms. Without this ability, the risk of choosing 
the wrong path and not discovering issues until 
much later in the development cycle – when 
it is much more costly and time consuming to 
change – can increase. Flexibility, especially 
with signal creation and signal analysis tools, 
can be especially important, as they enable 
rapid changes in direction as strong 5G wave-
form candidates emerge. Engineers also need 
the fl exibility to use a wide range of modula-
tion bandwidths (from several megahertz to a 
few gigahertz) and frequency bands (from RF 
to microwave to mmWave).

To address these challenges, engineers would 
ideally like to combine off-the-shelf hardware 
and software to create a fl exible 5G waveform 
generation and analysis test platform, such as 
Keysight’s 5G waveform generation and analysis 
testbed reference solution (see Figure 1). The 
testbed reference solution provides fl exibility 
through its software and hardware elements. 
In the software, fl exibility ensures that engi-
neers can generate and analyze various types of 
5G candidate and custom waveforms. With the 
hardware, both fl exibility and scalability work 
together to give engineers the ability to gener-
ate and analyze signals from RF to mmWave 
frequencies with up to 2 GHz bandwidth.

To generate wideband test signals with up to 
2 GHz of modulation bandwidth at frequencies 
up to 44 GHz, the solution employs a preci-
sion arbitrary waveform generator (ARB) and 
vector signal generator, with wideband I/Q in-
puts, running signal creation software. Higher 
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analysis. The auxiliary IF output is fed 
into the oscilloscope for wide band-
width demodulation analysis with the 
VSA software.

At these frequencies and band-
widths, linear amplitude and phase er-

nel frequency re-
sponse, error sum-
mary and the ~1 
GHz spectrum at 
the 28 GHz center 
frequency.

SINGLE CARRIER 
SIGNAL AT 73 GHz

For this case, the 
testbed reference 
solution confi gu-
ration is extended 
to 73 GHz using 
a mmWave up-
converter for sig-
nal generation and 
either a mmWave 
down-converter or 
waveguide smart 
mixer for signal 
analysis. The con-
fi guration shown 
in Figure 4 uses a 
microwave signal 
generator to pro-
vide the LO for the 
mmWave up-con-
verter. A mmWave 
amplifi er and fi lter 
at the up-converter 
output may be add-
ed to boost power 
and fi lter the spec-
trum. A waveguide 
smart mixer is used 
for signal analysis 
from 60 to 90 GHz, combined with a 
signal analyzer and oscilloscope. The 
waveguide smart mixer is connected 
to the output of the mmWave up-
converter, and the IF output is fed 
into the signal analyzer for spectrum 

frequencies can be achieved through 
the use of an up-converter. This com-
bination of hardware and software 
enables 5G candidate waveforms such 
as custom FBMC, OFDM and single-
carrier to be generated. Integration 
of system-level design software with 
hardware further enables custom or 
proprietary algorithms and “what-if ” 
scenarios to be evaluated, such as the 
coexistence of an LTE signal in the 
presence of an FBMC signal.

The testbed reference solution can 
also be used to demodulate and ana-
lyze test signals. In this case, 89600 
VSA software is typically employed 
with the simulation software or on a 
number of different hardware op-
tions, including a signal analyzer, os-
cilloscope or PC that controls a variety 
of instruments or digitizers.

To illustrate the viability of this 
type of testbed reference solution, 
two test cases will be examined: a ~1 
GHz wide custom OFDM signal at 28 
GHz and a 2 GHz single-carrier signal 
at 73 GHz.

28 GHz WIDEBAND OFDM SIGNAL
For this case, the testbed refer-

ence solution combines a precision 
AWG with a vector signal generator 
with wideband I/Q inputs to produce 
wideband microwave test signals up to 
44 GHz. Signal creation software en-
ables the custom OFDM waveform to 
be created with approximately 1 GHz 
modulation bandwidth at 28 GHz (see 
Figure 2). Resource-mapping pa-
rameters were set for the preamble, 
pilot and data subcarriers, including 
the location and boosting of each re-
source block. I/Q values were set for 
the preamble, modulation and pay-
load for pilot and data. The waveform 
is generated, then read into the AWG 
and played out using the AWG’s front 
panel software. The I/Q outputs of the 
AWG are fed into the wideband I/Q 
inputs on the vector PSG, and the 
PSG modulates the I/Q waveforms on 
a 28 GHz carrier. The test signal from 
the PSG RF output is analyzed using 
a 63 GHz high-performance oscillo-
scope with 89600 VSA software.

The resulting test signal measure-
ment with the 89600 VSA software 
(see Figure 3) comprises a six-trace 
display that shows (clockwise from up-
per left) the constellation, error vector 
magnitude (EVM) versus subcarrier, 
search time,  OFDM equalizer chan-

 Fig. 1  Flexible 5G waveform generation and analysis testbed.

63 GHz oscilloscope
with VSA software

AXle AWG with
SystemVue 5G forward
baseband verification

bundle and Signal Studio
for custom modulation
software installed on
embedded controller

44 GHz vector signal
generator with

wideband I/Q inputs

Millimeter wave
up-converters/

down-converters

Waveguide
smart mixer

Microwave analog signal
generators for up-converter/
down-converter LOs

Signal analyzer

 Fig. 2  Signal creation software for creating custom, wide band-
width OFDM signals.

 Fig. 3  Custom OFDM signal with ~1 GHz bandwidth at 28 GHz.
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errors. This is done by reading the fre-
quency response into the system-level 
design software used to generate the 
wideband waveform, and then using it 
to pre-correct the waveform response 
(see Figure 5).

Figure 6 shows the demodulation 
analysis of the vector-corrected wave-
form at 73 GHz, with 2 GHz modu-
lation bandwidth. Demodulating a 2 
GHz wideband signal is typically quite 
diffi cult without adaptive equaliza-
tion, due to hardware impairments 
across the wide bandwidth. However, 
in this example the linear amplitude 
and phase errors were corrected in 
simulation to generate a waveform 
that produced a low EVM without 
adaptive equalization.

CONCLUSION
The development of 5G includes 

an aggressive set of characteristics 
that will be diffi cult to achieve. A high 
degree of fl exibility is needed to help 
researchers and engineers address 
these challenges and quickly respond 
to changes in direction as 5G evolves.

Test systems such as the 5G wave-
form generation and analysis reference 
solution combine hardware and soft-
ware to create a fl exible 5G waveform 
generation and analysis platform. This 
enables engineers and researchers to 
generate and analyze emerging 5G 
candidate waveforms. The software ele-
ments for the testbed provide fl exibility 
in the types of 5G candidate waveforms 
being generated and analyzed. The 
hardware elements for the testbed pro-
vide fl exibility and scalability from RF to 
microwave to mmWave and modulation 
bandwidths up to 2 GHz. ■
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rors may be caused 
within the signal 
chain by the AWG, 
vector signal gen-
erator, up-converter, 
waveguide smart 
mixer, cables/inter-
connects and signal 
analyzer. These were 
reduced by deriving 
the necessary vec-
tor corrections using 
the adaptive equal-
izer in the VSA soft-
ware. The equalizer 
produces a complex-
valued frequency 
response that can 
be used to minimize 
amplitude and phase 

 Fig. 4  Example hardware setup for waveform generation and analysis at 73 GHz (mmWave 
amplifi er and fi lter not shown).
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 Fig. 5  Integrating design software and test equipment to correct for linear amplitude and 
phase errors in the test signal (mmWave amplifi er and fi lter not shown).
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 Fig. 6  Demodulating a 73 GHz waveform with 2 GHz of 
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normalization reference.
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Due to the ongoing transition from 
voice-centric mobile phones to 
smartphones and tablets – greatly 

accelerated by the launch of LTE networks 
beginning in 2009 – mobile broadband data 
consumption has increased exponentially over 
the past fi ve years. Global mobile data traffi c 
grew 69 percent in 2014 alone and reached 2.5 
exabytes per month, up from 1.5 exabytes per 
month in 2013. Additional growth of 59 percent 
is forecast for 2015, reaching 4.2 exabytes per 
month. Video streaming is the dominant traffi c 
type and accounted for more than 55 percent 
of all mobile data traffi c in 2014. Such ongoing 
exponential growth represents quite a challenge 
for mobile network operators worldwide.

Service providers must effi ciently use the 
spectrum available to them to deliver an excel-
lent user experience while offering high data 
rates on an average basis to every subscriber. 

LTE is the technology of choice; however, 
spectrum is not an infi nite resource. Over re-
cent years, service providers have invested 
billions of dollars on a global scale to increase 
their spectrum holdings and, thus, their system 
capacity. However, only a limited amount of 
frequencies are available that local regulators 
can auction off to service providers, leading to 
tough competition as well as bidding wars in 
extreme cases to acquire additional licenses.

Due to this shortage, alternatives are re-
quired. One very promising alternative is to 
take advantage of unlicensed spectrum, such 
as the industrial, scientifi c and medical (ISM) 
frequency bands – especially the underuti-
lized 5 GHz frequency band. Opportunistic 
usage of the spectrum, while deploying LTE 
component carriers in this frequency band, 
allows network operators to increase their sys-
tem capacity while adding additional spectrum 
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Expanding Mobile 
Capacity: The Evolution 
to LTE-U and LAA
Andreas Roessler
Rohde & Schwarz, Munich, Germany

As mobile operators seek additional spectrum to handle the exponential growth 
in data traffi c, the unlicensed 5 GHz bands offer additional spectrum to 
increase system capacity at literally no cost. Standards development to share 
the spectrum is well underway, known in the industry as LTE-U and LAA. This 
article explores the basic principles behind LTE-U and LAA, the approach to 
ensure coexistence and fair sharing, and implementation challenges.
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South Korea. Countries belonging to 
any of these regions typically adhere 
to the overall concept for that region; 
however, there can be additional reg-
ulations in place locally that apply to 
certain parts of the spectrum. The 
regulatory aspects for the 5 GHz spec-
trum in the U.S. are considered in this 
article, since there is a very strong in-
terest in LTE-U and LAA that is driv-
en by local tier one operators.

Figure 1 shows the spectrum allo-
cation in the U.S. The spectrum be-
tween 5150 and 5925 MHz is divided 
into four domains that are designated 
UNII-1 to UNII-4, where UNII stands 
for unlicensed national information 
infrastructure. For the four domains, 
different regulatory rules apply, for 
example, the allowed maximum con-
ducted output power, the peak power 
spectral density (PSD) and out-of-
band (OoB) emissions. Table 1 shows 
the requirements set by the Federal 
Communications Commission (FCC), 
the regulatory authority in the U.S.1

As can be gathered from Table 1, 
UNII-2 devices need to support trans-
mit power control (TPC) as well as 
dynamic frequency selection (DFS); 
(see Figure 1). In contrast, UNII-1 

operators and, more importantly, with 
existing technologies such as Wi-Fi 
are important prerequisites to the suc-
cess of LTE-U/LAA.

5 GHz SPECTRUM REGULATION
The 5 GHz spectrum is regulated 

in a similar manner throughout the 
world, but additional rules do apply 
in the different regions. Frequency 
regulation from a global perspective 
is administered by the International 
Telecommunication Union (ITU) on a 
regional basis. There are three regions 
defi ned. ITU Region 1 is primarily 
Europe; ITU Region 2 is America, 
including the United States, Canada 
and Brazil, for example; and ITU Re-
gion 3 is Asia with China, Japan and 

resources at literally no cost. This al-
ternative is known across the industry 
as LTE in unlicensed spectrum, or 
LTE-U. This approach has gained sig-
nifi cant momentum, especially in the 
United States.

Accordingly, the 3GPP, the stan-
dardization body behind LTE, took 
up the challenge of enhancing the 
technology while adding the required 
functionality to support LTE-U. The 
feature is currently being standard-
ized as licensed assisted access (LAA) 
using LTE. It will be added with Re-
lease 13, which should be fi nalized 
in March 2016. Of course, there is 
no free lunch, and everything has its 
price. Coexistence and fair sharing of 
the spectrum resource among LTE-U 

TABLE 1
TRANSMIT POWER REQUIREMENTS FOR UNII DEVICES OPERATING IN THE U.S.1

Frequency Band UNII-1
5.15 – 5.25 GHz

UNII-2A
5.25 – 5.35 GHz

UNII-2C
5.47 – 5.725 GHz

UNII-3
5.725 – 5.85 GHz

Comments

Maximum 
Conducted 
Output Power 
(dBm)
<min (a,b)

a eNB: 30
UE: 24 24 24 30

b 11+10log(B) 11+10log(B)
B is the 26 

dB emission 
bandwidth 

Peak Power 
Spectral Density 
(dBm/MHz)

eNB: 17
UE: 11 11 11 30 dBm in

500 kHz

Assumed 
Antenna Gain 
(dBi) 

6 6 6 6

Peak power is 
reduced by G−6 

dB for directional 
antennas with gain 

> 6 dBi

Out-of-Band 
(OoB) 
Emissions

Frequency 
Support 
(GHz)

Outside 
5.15 – 5.35

Outside 
5.15 – 5.35

Outside 
5.47 – 5.725

Outside 
5.715 – 5.865

EIRP 
(dBm/MHz) -27 -27 -27 -27

Resolution 
bandwidth = 

1 MHz

Frequency 
Support 
(GHz)

5.715-5.725
5.85 – 5.86

EIRP
(dBm/MHz) -17

Transmit Power
Control (TPC) N/A TPC to 6 dB below a mean EIRP of 30 

dBm. No TPC for mean EIRP < 27 dBm N/A

 Fig. 1  5 GHz spectrum allocation.
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and UNII-3 do not require this additional mechanism to 
ensure coexistence with other systems, thereby making 
the lower and upper portion of the spectrum the fi rst tar-
geted frequencies that will be used by LTE-U and LAA. 
Consequently, two new frequency bands were defi ned by 
the 3GPP as Band 252 and Band 255, which correspond 
to UNII-1 and UNII-3, respectively. Note that the chan-
nel raster defi nition for these two bands follows the Wi-Fi 
channel assignment to avoid in-channel interference.

With the band defi nition, the 3GPP is acknowledging 
the initial work that has been done within an industry 
alliance, called the LTE-U Forum, which was forged to 
accelerate the time to market for LTE-U. The found-
ing members of the LTE-U Forum were Verizon Wire-
less, Qualcomm, Ericsson, Alcatel-Lucent and Samsung. 
These key players in the wireless industry have agreed 
on coexistence aspects to allow fair sharing of the spec-
trum resource with other LTE-U operators and technolo-
gies such as Wi-Fi. Furthermore, they agreed on a set 
of specifi cations to defi ne the minimum requirements for 
handsets and base stations supporting LTE-U.

For example, the minimum requirements for an eNB 
(LTE base station) are based on the 3GPP’s technical 
specifi cation (TS) 36.104. This document takes the limits 
and tolerances that are provided within TS 36.104 for RF 
measurements, such as adjacent channel leakage power ra-
tio (ACLR) or spectrum emission mask (SEM), and adapts 
them for base stations that support LTE-U in terms of the 
regulatory aspects. Figure 2 shows an adapted spectrum 
emission mask (SEM) measurement on an LTE-U capable 
base station operating in frequency band 255 (UNII-3). 
The measurement is in line with the LTE-U eNB mini-
mum requirements specifi cation.2

To distinguish the work done by the LTE-U Forum 
from that of the 3GPP, from a forum perspective, LTE-
U is defi ned to use bands 252 and 255 as a supplemen-
tal downlink only. The LAA work item also defi nes the 
anchor carrier or primary component carrier (PCC) for 
the communications link to reside in a licensed frequency 
band but does not exclude the use of the 5 GHz spec-
trum for uplink carrier aggregation at a later stage. For 
the moment, the 3GPP is also considering the (second-
ary) component carrier placed in the 5 GHz bands solely 
as a transmission resource.3

 Fig. 2  SEM measurement using the R&S®FSW signal and spec-
trum analyzer in line with the LTE-U eNB minimum requirements 
specifi cation.
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performance, a setup that was fea-
tured at Mobile World Congress 2015 
was used to emulate and aggregate 
three LTE component carriers with a 
bandwidth of 20 MHz each and 2×2 
MIMO. Two of the component carri-
ers were placed in a licensed frequen-
cy band, and the other component 
carrier was placed in the UNII-3 do-
main of the 5 GHz spectrum. Aggre-
gating these three carriers achieved a 
maximum data rate of 450 Mbps. The 
demonstration involved a maximum 
throughput test to verify that the de-
vice under test was capable of han-
dling this high data rate.4 To ensure 
coexistence, it was also important to 
verify that the device was able to sup-
port CSAT.

OUTLOOK
The 3GPP is standardizing LTE-U 

functionality known as LAA. Part of 
the standardization involves integrat-
ing listen before talk (LBT) function-
ality, which is required in Europe and 
Japan to use the 5 GHz spectrum. A 
device that wants to utilize the spec-
trum must always sense the channel 
fi rst before starting to transmit. At this 
time, the standardized LBT function-
ality is based solely on energy detec-
tion.

LTE-U is currently a hot topic in 
the wireless industry. The feature pro-
vides an attractive alternative for net-
work operators who want additional 
spectrum to increase their system 
capacity. Fair sharing of the resource 
among operators and existing tech-
nologies such as Wi-Fi is key to the 
success of LTE-U. ■
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eration per component carrier, and a 
maximum peak data rate of 450 Mbps.

After initial channel selection, the 
LTE-U capable base station must use 
carrier sensitive adaptive transmis-
sion (CSAT) to ensure fair sharing 
with other LTE-U operators using the 
spectrum and Wi-Fi. The basic prin-
ciple behind CSAT is to defi ne a cycle 
with a duration of some milliseconds 
that is divided into an “on” period and 
an “off ” period. The length of the cy-
cle and thus the duration of the on and 
off periods are dynamically adaptable 
based on the traffi c situation (see Fig-
ure 3). If there is a heavy load on the 
selected channel, when  many Wi-Fi 
access points and other LTE-U base 
stations are active, then the CSAT cy-
cle might be long, up to 150 ms, and 
the on period short, for example only 
20 ms. If the channel is not heavily oc-
cupied, a shorter CSAT cycle might 
be appropriate with a longer on peri-
od and therefore a shorter off period. 
Note that the values shown in Figure 
3 were suggestions by LTE-U Forum 
members, presented at a workshop in 
May 2015.

During the on period of the CSAT 
cycle, a few subframes are periodically 
punctured and confi gured as almost 
blank subframes (ABS). The actual 
quantity depends on the duration of 
the on period and, thus, on the traffi c 
load. The puncturing of subframes is 
intended to ensure that latency-sensi-
tive applications that run over Wi-Fi, 
such as voice over Wi-Fi (VoWi-Fi), 
can still function once LTE-U is op-
erational.

Besides testing the RF confor-
mance of LTE-U capable base sta-
tions by measuring the transmission 
power, SEM and ACLR, it is impor-
tant to test handset performance and 
coexistence. To demonstrate LTE-U 

ENSURING COEXISTENCE
The LTE-U Forum members have 

agreed on a two-step approach to en-
sure coexistence with other technolo-
gies and LTE-U operators, along with 
fair sharing of the spectrum resource 
with existing technologies. First, this is 
based on smart channel selection dur-
ing the initial boot-up phase, which 
is then continued dynamically during 
operation. In other words, an LTE-U 
capable base station (similar to a Wi-
Fi access point) periodically moni-
tors the frequency band and selects 
its channel based on channel quality 
measurements and input parameters 
such as traffi c load. A ‘channel pen-
alty’ function has been proposed that 
has multiple input parameters with 
variable weighting factors. Based on 
the measurements and weighting fac-
tors, a penalty for each potential chan-
nel is determined. The channel with 
the lowest penalty is selected and a 
20 MHz LTE component carrier is 
transmitted on this frequency chan-
nel. A terminal that supports LTE-U 
is informed about the exact carrier 
frequency via the defi ned signaling 
methods for carrier aggregation and 
can thus access that component car-
rier.

As of now, aggregation of up to 
three component carriers is foreseen. 
One is in a licensed frequency band 
that could have any bandwidth de-
pending on the spectrum of the re-
spective operator. In addition, there 
can be up to two 20 MHz component 
carriers in the unlicensed frequency 
band. Such carriers are always 20 
MHz wide – no more and no less due 
to the Wi-Fi channel defi nition, where 
the minimum bandwidth is 20 MHz. 
In total, there could be an aggregated 
transmission bandwidth of up to 60 
MHz, including 2 � 2 MIMO op-

 Fig. 3  LTE-U base stations use CSAT to ensure fair spectrum sharing with other LTE-U 
operators and Wi-Fi.
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T he ever-increasing de-
mand for data on the 
world’s cellular networks 

has operators searching for ways to 
increase capacity 5000× by 2030.1 
Getting there will require a 5× in-
crease in channel performance, a 20× 
increase in allocated spectrum and 
a 50× increase in the number of cell 
sites. Many of these new cells will be 
placed indoors, where the majority of 
traffi c originates, and fi ber is the top 
choice to funnel the traffi c back into 
the network. Yet there are many out-
door locations where fi ber is not avail-
able or is too expensive to connect; 
for these situations, wireless backhaul 
is the most viable alternative.

Unlicensed spectrum at 5 GHz is 
available and does not require a line-
of-sight (LOS) path. However, band-
width is limited and interference from 
other users of this spectrum is almost 
guaranteed, due to heavy traffi c and 
wide antenna patterns. 60 GHz is 
emerging as a leading contender to 
provide these backhaul links for the 
thousands of outdoor cells that will be 
required to meet capacity demands. 
This spectrum is also unlicensed. Un-
like frequencies below 6 GHz, it con-
tains up to 9 GHz of available band-
width. Moreover, the high frequency 
allows for very narrow and focused an-
tenna patterns that are somewhat im-
mune to interference; however, they 
do require LOS paths.

Modems based on FPGAs and sys-
tems on a chip (SoC) are increasingly 
used in wireless backhaul solutions, 
since platforms using them can be 
modular and customizable, reducing 
the total cost of ownership for OEMs. 
For the radio portion of these links, 
transceivers have been integrated into 
silicon ICs and assembled in low cost, 
surface-mount packages. Commer-
cial parts are now available to build a 
complete two-way data link at 60 GHz, 
fi lling each of the functional blocks in 
Figure 1. Developed by Xilinx and 
Hittite Microwave (now Analog De-
vices), the design includes a Xilinx mo-
dem and Analog Devices millimeter 
wave radio. This link meets the perfor-
mance and fl exibility requirements of 
the small cell backhaul market.

As shown in Figure 1, two nodes are 
required to create the link. Each node 
contains a transmitter with a modula-
tor and its associated analog chain and 
a receiver with a demodulator and its 
associated analog chain. The modem 
card is integrated with analog and dis-
crete devices.  It contains oscillators 
to ensure the accuracy of frequency 
synthesis, and all the digital functions 
are executed in an FPGA or SoC. 
This single-carrier modem core sup-
ports modulations from QPSK to 256 
QAM in channel bandwidths up to 500 
MHz, achieving data rates as high as 
3.5 Gbps. The modem supports both 
frequency-division duplex (FDD) and 
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time-division duplex (TDD) transmis-
sion. Robust modem design techniques 
reduce the phase noise implications of 
the local oscillators. Powerful low-den-
sity parity check (LDPC) coding is in-
cluded for improved performance and 
link budget.

MILLIMETER WAVE MODEM
The millimeter wave modem en-

ables infrastructure suppliers to de-
velop fl exible, cost-optimized and 
customizable links for their wireless 
backhaul networks. The modem is ful-
ly adaptive, low power and small, and 
can be used to deploy indoor and full 
outdoor point-to-point links, as well 
as point-to-multipoint links. The solu-
tion allows operators to build scalable 
and fi eld-upgradable systems.

Figure 2 shows a functional block 
diagram of the digital modem, which 
is implemented as an SoC. Besides 
the programmable logic (PL), the 
platform’s scalable processing system 
(PS) contains dual ARM Cortex-A9 
cores with integrated memory con-
trollers and multistandard I/Os for 
peripherals. The SoC platform is used 
to perform various data and control 
functions and to enable hardware ac-
celeration. An integrated millimeter 
wave modem complete with PHY, 
controller, system interfaces and 
packet processor is included. 

Based on the required architec-
ture, different modules can be in-
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ism are applied by varying the number 
of iterations of the LDPC core, which 
optimizes the size and power of the 
decoder. The design can also be mod-
eled based on channel bandwidth and 
throughput constraints.

This modem solution comes with 
a graphical user interface (GUI) 
for both display and debug. It is ca-
pable of high level functions such as 
channel bandwidth and modulation 
selection as well as low level ones 
such as setting hardware registers. 
To achieve 3.5 Gbps throughput, the 
modem IP runs at a 440 MHz clock 
rate. It uses fi ve gigabit transceivers 
(GT) for connectivity interfaces to 
support the ADCs and DACs and a 

•  Adaptive digital closed-loop pre-
distortion (DPD), to improve RF 
power amplifi er effi ciency and lin-
earity

•  Synchronous Ethernet (SyncE), to 
maintain clock synchronization and

•  Reed Solomon or LDPC forward 
error correction (FEC), based on 
the design requirements.
LDPC FEC is the default choice for 

wireless backhaul applications, while 
Reed Solomon is preferred for low-
latency applications such as front-haul. 
LDPC implementation is highly opti-
mized and exploits FPGA parallelism 
for computations done by the encoders 
and decoders. The result is noticeable 
SNR gains. Different levels of parallel-

serted, updated or removed. For ex-
ample, an XPIC combiner could be 
implemented to enable the modem to 
be used in a cross-polarization mode 
with another modem. The solution 
is implemented in the PL, where 
serializer/deserializer (SerDes) and 
I/Os are used for various data path in-
terfaces, such as between the modem 
and packet processor, the packet pro-
cessor and memory, inter-modem or 
DAC/ADC.

Other important features of the 
modem IP include:
•  Automatic hitless and errorless 

state switching through adaptive 
coding and modulation (ACM) to 
keep the link operational

 Fig. 1  Functional block diagram of the two-way 60 GHz link.
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few more GTs for 10 GbE payloads 
and CPRI interfaces.

MILLIMETER WAVE TRANSCEIVER
A second-generation SiGe chipset 

was optimized for 60 GHz small cell 
backhaul applications. The transmit-
ter chip is a complete analog baseband 
to millimeter wave up-converter. An 
improved frequency synthesizer cov-
ers 57 to 66 GHz in 250 MHz steps, 
with low phase noise that can support 
modulations up to at least 64 QAM. 
The output power was increased to 
roughly 16 dBm linear, and an inte-
grated power detector monitors the 
output power to maintain the output 
within regulatory limits. The transmit-
ter chip offers either analog or digital 
control of the IF and RF gains. Ana-
log gain control is sometimes needed 
when using higher-order modulation, 
since discrete gain changes can be 
mistaken for amplitude modulation, 
leading to bit errors. A built-in serial 
peripheral interface (SPI) supports 
digital gain control.

For applications requiring even 
higher-order modulation in narrow 
channels, an external PLL/VCO with 
lower phase noise can be injected into 
the transmitter, bypassing the internal 
synthesizer. Figure 3 shows a block 
diagram of the transmitter chip, which 
supports up to 1.8 GHz of bandwidth. 
An MSK modulator option enables 
low cost data transmissions up to 1.8 
Gbps without the need for expensive 
and power-hungry DACs.

A receiver chip complements the 
transmitter IC (see Figure 4) and is, 
likewise, optimized to meet the de-
manding requirements of small cell 
backhaul applications. The receiver 
features a signifi cant increase in the in-
put P1dB to -20 dBm and IIP3 to -9 dBm 
to handle short-range links, where the 
high gain of the dish antennas leads to 
high signal levels at the receiver input. 
Other key features include a low 6 dB 
noise fi gure at maximum gain, adjust-
able lowpass and highpass baseband 
fi lters, either analog or digital control 
of the IF and RF gains and the same 
new synthesizer design found in the 
transmitter chip, to support 64 QAM 
modulation over 57 to 66 GHz. The 
receiver also contains an AM detec-
tor to demodulate amplitude modula-
tion such as on/off keying (OOK) and 
an FM discriminator to demodulate 
simple FM or MSK modulation. This 

 Fig. 4  Functional block diagram of the 60 GHz receiver IC.
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 Fig. 3  Functional block diagram of the 60 GHz transmitter IC.
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cost of manufacturing. Parts currently 
on the market will meet the power, size, 
fl exibility and functionality require-
ments for small cell wireless backhaul. 
The high-performing data converters 
and clock-management ICs that are re-
quired to complete a wireless backhaul 
link are also commercially available.■

Reference
1.  “Evolutionary and Disruptive Visions To-

wards Ultra High Capacity Networks,” 
IWPC, April 2014.

speed is also a factor to consider when 
selecting GTs for wideband commu-
nications and switching functions. 
Look for a solution that can scale to 
support multiple product variations 
on the same hardware platform, from 
lower end, small cell backhaul radios 
that operate at a few hundred mega-
bits per second to high performance 
systems carrying 3.5 Gbps.

For the radio, transceiver ICs in 
surface mount packages will lower the 

is in addition to the I/Q demodulator 
that is used to recover the quadrature 
baseband outputs for QPSK and more 
complex QAM modulation.

Both transmitter and receiver ICs 
come in a 4 × 6 mm wafer-level BGA 
package. Surface-mount packaging 
supports low cost manufacturing of ra-
dio boards for backhaul applications.

Figure 5 shows a block diagram 
of an the millimeter wave modem 
and radio system. In addition to the 
FPGA, modem software and milli-
meter wave chipset, the design con-
tains a dual-channel, 12-bit 1 GSPS 
ADC; a quad-channel, 16-bit, up to 
2.8 GSPS Tx DAC; and an ultra-low 
jitter clock synthesizer, with support 
for the JESD204B serial data inter-
face employed on both the ADC and 
DAC ICs. A demonstration platform 
(see Figure 6) was jointly created by 
Xilinx and Analog Devices. It includes 
the FPGA-based modem on a Xilinx 
development board, a standard FMC 
board containing ADCs, DACs and 
clock and two radio module evalua-
tion boards. The platform includes a 
laptop for modem control and visual 
display and a variable RF attenuator 
to replicate the path loss of a typi-
cal millimeter wave link. The FPGA 
on the development board executes 
the WBM256 modem fi rmware IP. 
A standard FMC mezzanine connec-
tor on the development board con-
nects to the baseband and millimeter 
wave radio boards. The millimeter 
wave modules snap onto the baseband 
board. The modules have MMPX con-
nectors for the 60 GHz interfaces and 
SMA connectors for optional use of an 
external local oscillator. This platform 
contains all the hardware and software 
needed to demonstrate point-to-point 
backhaul connections of up to 1.1 
Gbps in 250 MHz channels for each 
direction of an FDD link.

DESIGN CONSIDERATIONS
The experience developing the 

modem, transceivers and demonstra-
tion platform yielded the following 
considerations for designers:

Since they’re highly modular and 
customizable, FPGAs can reduce 
the cost to build platforms for wire-
less backhaul. When choosing com-
mercial parts for a millimeter wave 
modem solution for small cell, select 
power-effi cient FPGAs/SoCs and high 
performing wideband IP cores. High 
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I n many parts of the world, smart-
phones have become an integral part 
of everyday life, and many users rely on 

their handsets as an easy way for going online. 
In the U.S., it is reported that in early 2011, 
one in three Americans owned a smartphone. 
As of 2015, that number has almost doubled.1 
Projections indicate that in 2016 smartphone 
penetration will exceed 80 percent in the U.S.2 
This continuous growth of smartphone popu-
larity, and the expansion of its user base feeds 
the need for increased wireless data traffi c, 
which has to be met with an increase in avail-
able bandwidth. The 3GPP standards body for 
mobile broadband specifi es the spectrum of 
bands that can be used in wireless communi-
cations. Since the wireless spectrum is already 
crowded, and new chunks of wireless spectrum 
are hard to come by, 3GPP’s LTE-Advanced 
specifi cations identify carrier aggregation (CA) 
as one means to increase bandwidth over exist-
ing LTE frequency bands.3

With LTE, data traffi c is aggregated in com-
ponent carriers (CC) which are blocks of fre-
quency spectrum 1.4, 5, 10 or 20 MHz wide. 
To increase the bit rate, CA means that up to 
fi ve CCs can be aggregated, either within the 
same band or across different frequency bands. 
The number of downlink CCs must always 
equal or be greater than the number of uplink 
CCs. Since most of the wireless traffi c demand 

is presently in the downlink (DL) direction, 
only one uplink (UL) CC is used, limiting car-
rier aggregation to the DL direction.

All smartphones on the market today already 
include the capability to transmit and receive 
on different frequency bands, for roaming pur-
poses. However, enabling simultaneous opera-
tion of two separate LTE bands for CA puts 
additional constraints on the phone’s hardware 
components and data traffi c management. In 
particular, inter-band CA with two frequency 
division duplex (FDD) LTE bands means that 
each transmit band now has two equally valid 
receive bands associated with it.

MULTIPLEXERS
Smartphones combine a lot of functional-

ity into a relatively small package, and the size 
of any component inside the phone is limited. 
The RF front-end in a handset comprises all 
components between the antenna and the 
baseband/transceiver chips, such as frequency 
fi ltering devices, switches, power amplifi ers, 
LNAs and a number of matching and rout-
ing elements. For any FDD band, a duplexer 
comprises two RF fi lters which ensure that the 
uplink transmit signal (Tx) does not interfere 
with the downlink reception (Rx). Integrating 
multiple non-overlapping fi lter bands into a 
single module (multiplexer) can reduce com-
ponent count and the size of the phone’s RF 
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no signal leakage into any other fi l-
ter path. Secondly, high Tx/Rx isola-
tion, both in band and cross-band, is 
needed for CA use of the multiplexer. 

gies for RF fi ltering. For the fi lter de-
signer, noteworthy SAW or BAW reso-
nator properties are acoustic coupling 
(kt2) and Q-factor. Combining resona-
tors to create a fi lter, Figure 2a illus-
trates a 1-stage half-ladder fi lter topol-
ogy, a basic element for many fi lters. 
This confi guration forms a passband 
when the series resonator has a higher 
resonance frequency than the shunt 
resonator (see Figure 2b). Based on 
this basic topology, any practical fi lter 
cascades multiple half-ladder stages to 
provide suffi cient degrees of freedom 
to meet any realistic in-band and out-
of-band fi ltering requirements. By do-
ing so, the multi-stage fi lter arranges 
its poles within the passband, and the 
zeros outside its passband.

Combining two fi lters into a du-
plexer is the simplest form of a mul-
tiplexer. When combining RF fi lters 
into a CA-compatible multiplexer, 
there are two essential design con-
straints. First, all fi lters in the mul-
tiplexer must be matched at the 
common antenna node. For any of 
the passband frequencies, only the 
respective fi lter is terminated at the 
antenna port’s impedance Zant, to 
minimize RF refl ections between the 
antenna and the multiplexer in the 
phone; all other fi lters must appear 
as open circuits, such that there is 

front-end, as well as simplify and 
accelerate the integration into the 
phone. Introduced several years ago, 
multiplexers have become a standard 
way to optimize, miniaturize and sim-
plify the fi ltering needs of multi-band 
phones, requiring only a single anten-
na to cover multiple bands without a 
switch between the antenna and the 
frequency fi lters.4 As an example, the 
functional block diagram of a quintu-
plexer is shown in Figure 1. Since CA 
requires different bands to be on at 
the same time (i.e., no switching be-
tween bands), a multiplexer is a con-
venient implementation to meet CA 
fi ltering needs.

Although common in earlier wire-
less generations, the RF front-end 
architecture of LTE phones no lon-
ger incorporates inter-stage fi lters be-
tween the transceiver and the PA in 
the transmit path.  All FDD frequen-
cy fi ltering is now done by the duplex-
er or multiplexer, which puts stringent 
performance requirements on the 
fi lters. Any spurious signal from the 
PA toward the antenna needs to be 
rejected in the Rx path to not degrade 
phone sensitivity. This Tx/Rx isolation 
requirement in the duplexer specifi ca-
tion is typically pegged at 55 dB mini-
mum at the Tx and Rx frequencies. 
The fi lters inside the CA multiplexer 
must provide high Tx/Rx isolation, not 
only within a single FDD band but 
also across the different FDD LTE 
bands used in CA.

Driven by size and performance 
requirements, essentially all RF fi lter-
ing devices in the handset incorporate 
surface acoustic wave (SAW) or bulk 
acoustic wave (BAW) resonator fi lter 
technologies. Both SAW and BAW 
technologies utilize piezoelectric res-
onators as the basic building block and 
are well established, mature technolo-

 Fig. 1  Quintuplexer comprising fi ve 
fi lters with dissimilar passband frequencies.

GPS

PCS Rx

Cell Rx

PCS Tx

Cell Tx

Antenna LC
Matching
Elements

 Fig. 2  One stage half-ladder fi lter 
topology (a) with corresponding resonator 
impedances (Zseries, Zshunt) and fi lter 
response (b). Practical implementations of 
this basic fi lter topology use multiple stages.

� Zseries �

� Zshunt �

Fs

Fs

GND(a)

(b)
Frequency

Port 1 Port 2

Series

Shunt

� S21 �

Fp

Fp

 Fig. 3  Band 2/4 quadplexer block 
diagram (a) and evaluation board (b). The 
dotted lines show high Tx/Rx isolation paths 
needed for carrier aggregation.

–55 dB

B2
Tx

B2
Rx

B4
Rx

B4
Tx

(a)

(b)

–55 dB

–55 dB

–55 dB

Antenna

 Fig. 4  Band 2/4 quadplexer on the PCB 
of the RF front-end module.

RFIC0

LPF

B2
/4

Qu
ad

RFIC1

MMPAFSM

DIP

_11M34S FINAL.indd   28 10/23/15   1:36 PM



5G IoTand

5G and IoT SUPPLEMENT ■ NOVEMBER 2015 29

ters. This is non-trivial, even without 
other fi lters multiplexed to the same 
antenna node.

Band 4 Duplexer: The fi lter pass-
bands with low insertion loss are rela-
tively easy to achieve, since the pass-
band width is narrow and the Tx/Rx 
band gap is large. However, maintain-
ing high Tx/Rx isolation over this large 
frequency gap can challenge manu-
facturing tolerances, since most of the 
signal suppression is purely electrical 
(L-C resonance, far from the acoustic 
zeros of the other fi lter).

CA-Compliance: High cross-band 
isolations are additional requirements 
on the fi lters (B4 Tx/B2 Rx, B2 Tx/
B4 Rx, given the second multiplexer 
design constraint noted previously). 
Additional out-of-band attenuation re-
quirements typically trade off against 
in-band performance (i.e., insertion 
loss) and need to be balanced carefully.

The passbands of the Band 2 and 
Band 4 fi lters are relatively close in 
frequency, with the Band 4 fi lter fre-
quencies bracketing both Band 2 
passbands. The antenna match cannot 
rely on a diplexer circuit to isolate fi l-
ter bands; all fi lters in this quadplexer 
need be co-designed to optimize the 
antenna match and ensure high Tx/Rx 
isolation (all in-band and cross-band 
combinations).

Increasing the number of fi lters 
connected to the same antenna node 
leads to increased insertion loss in 
each fi lter passband. This is unavoid-
able since the open circuit condition is 
never perfect or lossless (refer to the 
fi rst multiplexer design constraint not-
ed above). Elaborating on this point: 
to optimize multiplexer performance, 
it is not only helpful to reap low loss 
and high Q resonance performance 
of the resonator building blocks for 
good in-band fi lter performance, it is 
also helpful to garner low loss resona-
tor performance at off-resonance fre-
quencies. With low loss off-resonance 
performance, the open fi lter matching 
condition at the antenna port can be 
implemented with minimum parasitic 
loss and does not drain signal off the 

In the engineering of the multiplexer 
module, parasitic crosstalk or direct 
Tx/Rx signal leakage can degrade 
isolation and will need to be evalu-
ated in the fi nished product. Both 
items need to be addressed in the 
CA-compliant multiplexer product 
design. Techniques to address these 
constraints are well understood.5,6

Finally, the fi lter designer uses cir-
cuit simulator software as well as 3D 
electromagnetic simulation to pre-
dict multiplexer performance.

BAND 2/4 QUADPLEXER
CA is being deployed in many lo-

cations around the globe and CA-ca-
pable multiplexers of corresponding 
LTE band combinations are emerg-
ing in the market. For the American 
wireless market, a recent implemen-
tation of a CA-compatible multiplexer 
is the Band 2 (1.9 GHz PCS) / Band 
4 (1.7/2.1 GHz AWS) quadplexer (see 
Figure 3). Bands 2 and 4 are common 
North American FDD bands, and 
since carrier aggregation is already 
available in some locations,7 there 
is a tangible product need for such a 
quadplexer module. CA-compatibility 
underscores the value proposition 
of the Band 2/4 quadplexer module; 
however, the engineering is challeng-
ing for multiple reasons:

Band 2 Duplexer: The fi lter band 
gap (Tx/Rx) is relatively narrow, ap-
proximately 1 percent of the operat-
ing frequency between 1910 and 1930 
MHz. Low insertion loss at both fi lter 
passband corners (Band 2 Tx high 
channel and Rx low channel) requires 
a sharp roll-off for both Tx and Rx fi l-

TABLE 1
BAND 2/4 QUADPLEXER PERFORMANCE

(dB) Tx Insertion 
Loss

Rx Insertion 
Loss

Tx Band 
Isolation

Rx Band 
Isolation

Tx 2f0 
Rejection

Tx 3f0 
Rejection

Band 2 2.0 2.9 58 59 37 38

Band 4 2.0 2.0 61 60 41 14

TABLE 2
BAND 2/4 QUADPLEXER CROSS-BAND 

ISOLATION

(dB) Tx Band 
Isolation

Rx Band 
Isolation

Band 2 Tx 
to Band 

4 Rx

60 (B2) 65 (B4)

Band 4 Tx 
to Band 

2 Rx

62 (B4) 61 (B2)
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timizes the phone’s performance and 
user experience: providing increased 
sensitivity and battery life, while ben-
efi tting from fast wireless data traffi c 
using CA.

CONCLUSION
Smartphones continue to excel in 

popularity and market penetration, 
and their computing power and wire-
less connectivity are steadily improv-
ing. LTE-Advanced CA of different 
LTE bands is being rolled out to in-
crease wireless data rates. As this de-
ployment of band combinations con-
tinues across different geographies, 
corresponding CA multiplexers are 
emerging in the market. These com-
ponents optimize RF performance, 
space and ease of integration for 
handset OEMs. Low loss fi lter tech-
nologies such as FBAR will continue 
to enable multiplexer performance. 
Higher levels of integration are fea-
sible for future CA multiplexers, such 
as integrating three or more FDD 
bands. When designing such a multi-
plexer module, fi lter losses and anten-
na match need to be managed careful-
ly to ensure an attractive product. ■
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smartphone. Measured performance 
of an Avago Band 2/4 quadplexer are 
shown in Figure 5 and the key per-
formance parameters are summarized 
in Tables 1 and 2. The measured 
data refl ects the recommended circuit 
matching elements.8

This quadplexer uses FBAR tech-
nology, a fl avor of BAW resonator 
technology. FBAR is known for low 
loss resonators, both on and off reso-
nance. Low loss fuels the performance 
of the quadplexer which, in turn, op-

in-band performance of any passband. 
Using available SAW or BAW resonator 
fi lter technologies, part of the Band 2/4 
quadplexer optimization process is 
minimizing the losses of all four fi lters 
at all four passband frequencies.

CA-compatible quadplexers for the 
Band 2/4  combination have been dem-
onstrated by multiple suppliers, and 
some are available for sale. Figure 
4 shows how the quadplexer would 
typically be integrated with the other 
RF components in the front-end of a 

 Fig. 5  Measured performance of a Band 2/4 quadplexer showing the frequency coverage 
(a) Band 2 insertion loss (b) Band 4 insertion loss (c) Bands 2 and 4 Tx impedance match (d) 
in-band Tx/Rx isolation (e) and cross-band Tx/Rx isolation (f).
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E arlier this year, Tesla Motors CEO  
Elon Musk commented that in the 
future, “people may outlaw driving 

cars because it’s too dangerous.” He was refer-
ring to autonomous-drive vehicles sharing the 
road with other human-controlled cars. Sev-
eral companies are working toward a reality 
that envisions you sitting back and reading this 
magazine while your car transports you safely, 
comfortably and effi ciently to your destination. 
While you are fully engrossed in the magazine 
article, your connected car is occupied with 
processing multiple streams of data from mul-
tiple sources, including an important resched-
uling notice from the offi ce, road traffi c signs, 
highway warning systems and other vehicles in 
the vicinity.

Several key technologies will ultimately 
make this vision of the Internet of Things (IoT) 
or Internet of “Everything” possible. For in-
stance, once it’s defi ned, next generation wire-
less infrastructure, or 5G, will provide a wider 
data pipe for a larger number of users, based 
on technologies like massive MIMO, higher 
frequency bands and new waveforms. Another 
enabling technology is the creation of more 
tightly integrated chips, modules and devices 

that combine wireless connectivity with greater 
processing power. These devices must support 
an expanding number of complex wireless stan-
dards on a growing collection of radio bands.

Having this kind of wireless connectivity in 
every device with which people interact forces 
the cost model of these devices to change. Al-
though consumers have the expectation that 
devices purposely built for wireless network-
ing – such as cellular phones, access points, 
and home monitoring systems – have a high 
price premium for this functionality, for other 
“things” that now connect to the Internet, con-
sumers might not want to bear the extra cost. 
Although semiconductor system integration re-
duces the cost of component production, wire-
less devices manufacturers still have the costly 
burden of testing each one rapidly and reliably.

NI’S NEW WIRELESS TEST SYSTEM
NI recently released a new Wireless Test 

System (WTS) to address the need for a cost-
effective test solution that can keep pace with 
evolving wireless technologies. Based on the 
PXI platform, the WTS uses a high bandwidth 
PXI chassis, a quad-core Intel i7 embedded 
PC and one or more of the award-winning NI 
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Using this feature, test developers 
can write test sequences for a single 
DUT with their independent, virtu-
alized instrument in mind (see Fig-
ure 1). A second key feature is the 
use of preconfi gured test steps with 
integrated DUT control. These test 
steps are part of the new NI Test-
Stand Wireless Test Module, an ex-
tension of TestStand, the industry-
standard test management software. 
Using the Wireless Test Module, a 
developer can drag, drop and confi g-
ure test steps to build a sequence for 
a single DUT (single site). When the 
Wireless Test Module executes the 
sequence, it automatically maps the 
WTS’ RF ports to multiple parallel 
and independent test sockets, each 
of which talks with its own virtualized 
WTS for multi-up DUT testing.

Implementing these techniques 
has already benefi ted the testing of in-
tricate automotive infotainment mod-
ules that come equipped with multi-
band, multi-standard cellular, WLAN 
and Bluetooth radios  as well as GPS 
receivers, many from different device 
manufacturers.  According to Harman 
International Industries, this novel 
approach to test their multi-radio in-
fotainment modules with NI’s WTS 
allowed them to realize important test 
time reductions.

The WTS’ powerful PXI hardware 
platform in combination with its SCPI 
interface and intelligent software for 
implementing the latest cost-saving 
test architectures give manufactur-
ers of wireless devices the fl exibility 
to keep pace with the advances of the 
wireless test industry. Even more ex-
citing, once 5G is defi ned, the combi-
nation of NI’s WTS instrument virtu-
alization and the Wireless Test Mod-
ule for test parallelization will enable 
test engineers to boost test through-
put and ultimately lower the cost of 
testing mobile communications prod-
ucts and the wireless devices that will 
power the industrial and consumer 
Internet of Things. With this advance, 
we can look forward to a world where 
producing connected cars, homes and 
a variety of smart appliances is eco-
nomically viable.

National Instruments
Austin, Texas 
www.ni.com

RF instruments for only a fraction of 
the time when testing one device at a 
time. Given the complexity of wireless 
test plans for today’s devices, testing 
just one device is an ineffi cient use of 
the instruments. As a result, parallel 
test using a multi-port RF instrument 
is a common approach that can reduce 
measurement dead time by making 
sure that a given test site can access 
the RF instrument while the other 
sites are busy with non-measurement 
tasks. Although the idea of parallel 
test is simple in theory, implement-
ing a parallel test approach greatly 
increases the complexity of the test 
solution.

For example, parallel test requires 
developers to write test sequences to 
control and intelligently synchronize 
both the instrument and the DUTs. 
Typical test sequences must be de-
signed for multiple sites, keeping 
track of multiple instrument handles, 
signal routes and system variables. 
As a result, designing test software to 
implement parallel test is a daunting 
challenge.

Although solving this challenge 
is diffi cult with traditional tools, the 
new WTS simplifi es the process with 
several advanced software features. 
Two key features of the WTS that 
simplify parallel test development 
and make it more scalable are instru-
ment virtualization and pre-coded 
test steps. Instrument virtualization 
allows a single WTS to appear – and 
be programmed as – multiple sepa-
rate and independent instruments. 

vector signal transceivers (VST). This 
PXI confi guration is internally con-
nected to a rugged RF switch with 8 
or 16 Type N RF ports. A metal enclo-
sure makes the system robust enough 
to meet the demands of high volume 
production environments.

One of the unique features of the 
WTS is that you can remotely control 
it from a PC through a LAN bus us-
ing standard commands for program-
mable instruments (SCPI). With this 
architecture, the instrument uses a 
SCPI interpreter to decipher com-
mands and apply the appropriate 
measurement software. WTS sup-
ports measurements for both cellular 
(from GSM to LTE-A) and wireless 
connectivity devices (WLAN and 
Bluetooth). The software algorithms 
for these measurements are identical 
to those of other PXI RF test confi gu-
rations.

REDUCING TEST COST
In addition to the need for modern 

test systems to reduce capital expen-
ditures, test engineers are required 
to maximize test throughput – often 
measured in number of devices tested 
per hour – and implement parallel test 
architectures and techniques, while 
simplifying test development efforts. 
Typically, test of wireless networking 
devices requires inserting and re-
moving the device under test (DUT), 
booting up, confi guring the DUT for 
every test step and performing mea-
surements with the test instruments. 
In practice, the test system utilizes the 

 Fig. 1  Expanding the WTS into multiple virtualized instruments.
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T o cope with ever increasing Inter-
net traffi c, the bandwidth of next-
generation wireless access is rapidly 

expanding. At the same time, the current spec-
trum simply cannot support the needed band-
width, so higher frequencies are being evalu-
ated. Multiple options from unlicensed 5.8 GHz 
terrestrial stations to fl eets of low-orbit satellites 
blanketing the Earth, are being considered. The 
path to higher bandwidth lies with higher fre-
quencies to deliver on that promise, requiring 
new mixers with improved performance. The 
new LTC5549 mixer from Linear Technology 
has been launched to support just this need.

The LTC5549 is a passive double balanced 
mixer that functions as either an up- or down-
converter. It has a very wide RF frequency 
range from 2 to 14 GHz. The mixer offers ex-
ceptionally high linearity – 28.2 dBm IIP3 at 
5.8 GHz and 22.8 dBm at 12 GHz – that im-
proves the dynamic range of both transmitters 
and receivers. The LTC5549 enables effi cient 
microwave transmitter and receiver designs 
with an integrated LO buffer that needs only 0 
dBm drive, effectively eliminating the need for 
external high power LO drivers. The LTC5549 
also has an integrated, bypassable frequency 
doubler for the LO signal, allowing the de-
vice to use lower cost, commonly available low 
frequency synthesizers. The double balanced 
mixer employs wideband integrated balun 
transformers, optimized to extend the LO 
and RF frequency bandwidth while enabling 
single-ended operation. Its IF supports a wide 
bandwidth from 0.5 to 6 GHz. All three ports 
are matched to 50 ohms and have excellent 
port-to-port isolation, minimizing undesirable 
LO leakage, which eases external fi ltering.

SiGe BiCMOS TECHNOLOGY
Most microwave mixers are built using dis-

crete GaAs diodes or FETs in hybrid modules. 
In contrast, the LTC5549 is constructed using 
a very high frequency advanced SiGe BiCMOS 
process. SiGe BiCMOS enables a high level of 

integration, including the on-chip LO buffer 
and microwave balun transformers. The mono-
lithic die is fl ipped and soldered onto a tiny 3 × 
2 mm lead-frame and encapsulated in a plastic 
surface-mount package. Bond wires and their 
associated inductance are eliminated to enhance 
the device’s microwave performance. The inher-
ently small package, along with minimum exter-
nal circuitry, makes for a very small footprint.

The new mixer’s 22.8 dBm IIP3 is a stand-
out in its class and enhances the dynamic range 
of receivers or transmitters. For a receiver, the 
higher IIP3 boosts robustness in the presence 
of close-in high power interference, whether 
from out-of-band, unintentional emitters or 
self-induced, such as leak-through from an-
other transmitter in multi-sectored systems. 
Higher dynamic range receivers provide added 
design margin and are more forgiving in han-
dling high blockers – as airwaves continually 
degrade with additional radio deployments.

Similarly for transmitters, a higher IIP3 
(hence higher OIP3) mixer produces lower 
spurious products and improves spectral purity 
with better ACPR performance. This is par-
ticularly important for radios that use higher 
order modulation, such as 1024 QAM. The 
improved linearity produces better defi nition 
and accuracy of the constellation. Additionally, 
higher IIP3 allows the mixer to operate at ele-
vated input power and, therefore, more robust 
output power. The extra design margin eases 
design constraints, providing fl exibility.

DESIGN DIFFERENTIATION
The LTC5549’s integrated LO amplifi er ef-

fectively eliminates the +10 to +17 dBm LO 
amplifi er that is typically required to drive tra-
ditional passive microwave mixers. Its 0 dBm 
LO input level enables the mixer to be driven 
directly from a PLL/synthesizer without a buf-
fer amplifi er. As well as reducing cost, the low 
LO power produces signifi cantly lower LO 
leakage to the IF and RF ports, so less exter-
nal fi ltering is necessary to contain any out-of-
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3.6 TO 12.6 GHz UP-CONVERTER
To show the performance of the 

LTC5549, the mixer is used for an up-
converter that converts a 3.6 GHz IF 
signal to a 12.6 GHz RF carrier. The 
internal 2× LO option is bypassed, so 
a 0 dBm, 9 GHz signal from a clean 
laboratory signal source generated the 
low-side LO drive.

Performance measurements were 
made using a standard LTC5549 evalu-
ation board (see Figure 1). Because 
the mixer and evaluation board’s com-
ponents are broadband matched, the 
board was used as is, without alteration.

Figure 2 shows the mixer’s lin-
earity at 12.6 GHz, 
using two -5 dBm 
tones separated by 
2 MHz. The output 
third-order inter-
modulation distor-
tion spurs measured 
-57.5 dBc, corre-
sponding to an IIP3 
of +23.8 dBm. The 
RF output spectrum 
from DC to 20 GHz 
is shown in Figure 
3. No external fi l-
tering was used to 
see where all the 
spurious products 
fall. The LO leakage 
power was some 14 
dB less than the 12.6 
GHz carrier and 3.6 

GHz below the carrier frequency, so 
fi ltering will not be an issue. The 2LO-
IF product is the closest spur and falls 
1.8 GHz away from the carrier, with a 
residual power better than -40 dBc. At 
12.6 GHz, the mixer’s output exhibit-
ed 1 dB fl atness over a 1 GHz band-
width (see Figure 4), showing it is 
capable of supporting next-generation 
broadband radios.

The LTC5549 exhibits excellent 
IIP3 that can enhance the dynamic 
range of either receiver or transmitter 
applications. It has an integrated LO 
buffer, producing very low LO leak-
age and reducing cost. Its integrated 
on-chip balun transformers provide 
extraordinarily wide bandwidth to 
simplify designs and enable a very 
compact layout.

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

Microwave test equipment also 
benefi ts from a compact, high linear-
ity mixer such as the LTC5549. As 
RF test equipment pushes to higher 
frequencies, linearity and bandwidth 
performance must also be improved 
to keep pace with the performance of 
the device-under-test.

band emissions associated with the 
source. Another benefi t is not having 
a high power radiation source on the 
PC board. This also lowers cost by re-
ducing the RF shielding that plagues 
many designs requiring high power 
LO signals.

The LTC5549 incorporates patent-
pending advances in planar balun 
transformer designs, enabling the 
monolithic mixer to operate over an 
extremely wide bandwidth. Unprec-
edented symmetry is achieved, with 
exceptional balanced operation, op-
timum spurious cancellation and fl at 
frequency response. For example, 
the 50 ohm RF port with its built-in 
transformer and a 0.15 pF external 
capacitor achieve better than 10 dB 
return loss from 2 to 14 GHz. Simi-
larly, with a 0.15 pF shunt capacitor 
and a series capacitor at the LO input, 
the port is matched from 1 to 12 GHz; 
return loss better than 10 dB across 
that entire frequency range. 5G is ex-
pected to deliver 1 Gbps data rates. To 
achieve such speeds, instantaneous ra-
dio bandwidth will need to be 1 GHz 
or higher. The LTC5549 has excellent 
bandwidth that can support a fl at re-
sponse of more than 1 GHz.

 Fig. 1  LTC5549 evaluation board schematic (a) and assembly (b).
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T he Internet of Things (IoT) 
is the recognized next step 
of ubiquitous networking 

of machines and devices. Smart appli-
ances currently evolve in conjunction 
with small, lightweight devices which 
generate completely new require-
ments for the underlying radio com-
munication technology. Signifi cantly, 
material costs of these devices are of-
ten well below $10, such that a wire-
less communication component has 
strong demands on the target pricing. 
The classical ISM bands are suitable 
candidates for license-free radio com-
munications, utilizing cheap radio 
transceivers compared to WLAN so-
lutions or cellular radio technologies. 
However, transmission ranges of only 
a few meters have been a signifi cant 
hurdle to network implementation in 
the past.

To address this issue, a new trans-
ceiver front-end technology called Lo-
RaTM (an abbreviation for long range) 
has been developed and patented by 
the semiconductor company Sem-
tech. It allows for much longer dis-
tances compared to the classical ISM 
band radio front-ends, with up to 15 
km range. The long range is achieved 
under line-of-sight conditions using 
a correlation mechanism based on 
spread spectrum technology in the 

front-end of the transceiver, with the 
trade-off of reduced transmission bit 
rates at the longer distances.

Cellular systems with a coverage 
area of many square kilometers are 
possible. According to the envisaged 
applications, tens to hundreds of end 
nodes will have to be handled within 
one communication cell. Thus, the 
central communication point – the 
concentrator, as the radio part of a 
LoRa gateway – must be capable of 
massive parallel receive operation 
on many channels, each of them in-
dividually confi gured for certain dis-
tances and bit rates. There are many 
applications which will be supported 
by long range cellular license-free 
communications such as  agriculture, 
industrial, logistics, smart environ-
ment, smart metering, smart city and 
smart home. Public telecom opera-
tors as well as private companies are 
currently implementing LoRa-based 
system solutions with the correspond-
ing access networks and the necessary 
IT infrastructure. The deployment of 
LoRa technology is structured and or-
ganized by the LoRa Alliance (www.
lora-alliance.org), where semicon-
ductor companies, radio equipment 
manufacturers, fi rmware and software 
providers, mobile operators, IT com-
panies and test houses work together 
to set up a complete LoRa ecosystem, 
including the required quality proce-
dures and system certifi cations.

The novelty of the air interface is 
mainly characterized by the intro-
duction of a spreading factor, which 
denotes the relationship of transmis-
sion time to bit rate due to the spread 
spectrum transmission mentioned 
earlier. It utilizes a bandwidth of 125, 
250 or 500 kHz in the available ISM 
radio bands (e.g., about 868 MHz in 
Europe), together with frequency 
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Smart System Solution for IoT 
Radio Communications
IMST GmbH
Kamp-Lintfort, Germany
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 Fig. 1  The IMST LoRa iC880A 
concentrator module.

selection and frequency hopping op-
tions, to transmit with a transmitter-
specifi c hopping code for user separa-
tion. A transmission channel is mainly 
characterized by the spreading factor 
and the frequency. The confi guration 
parameter space is enhanced by two 
very important dimensions utilizing 
these two parameters.

Whereas the end nodes are ca-
pable of transmitting data packets on 
only one channel, the current IMST 
concentrator module – iC880A – is 
able to receive packets of different 
end nodes on eight channels in paral-
lel. The IMST LoRa iC880A concen-
trator module (see Figure 1) is fully 
certifi ed according to the European 
R&TTE guidelines, offering a com-
prehensive set of fi rmware options for 
media access and networking. Operat-
ing in the 868 MHz frequency band 
and measuring 79.8 × 67.3 mm, key 
features include: sensitivity down to 
-138 dBm, output power to 20 dBm, 
USB or SPI interface with optional 
GPS, SX1301 baseband processor, 2 × 
SX1257 Tx/Rx front-ends, 49 × LoRa 
demodulators, 1(G)FSK demodula-
tor and 8+1+1 parallel demodulation 
paths for LoRa and GFSK demodu-
lation. A complete LoRa explorer kit 
is available for networking trials, and 
LoRaWANTM and IMST LR_Base/
LR_Starnet fi rmware is available for 
the optimal choice of MAC and net-
working features.

The concentrator architecture is 
fully scalable if more channels are re-
quired, with the expense of additional 
hardware. Several users may share a 
channel in the time domain if a duty 
cycle for each user is introduced. 
With this capability of parallel recep-
tion, the handling of large LoRa cells 
with hundreds of end nodes is feasible 
and maintainable.
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MAC implementations were quite 
simple with only random access to the 
channel; since then, more complex 
MAC designs have been realized. With 
a view to regulatory requirements, 
adaptive frequency agility (AFA) and 
listen before talk (LBT) are two strate-
gies to avoid the duty cycle restrictions 
of the ISM bands. Other implementa-
tions with central control and central 
synchronization aim to maximize sys-
tem capacity while minimizing power 
consumption of the sensors, simulta-
neously allowing for long term battery 
operation of the end nodes.

LoRa-based communication sys-
tems will complement the mobile net-
works in an ideal manner – no costs for 
air time will occur, the devices are in-
expensive and can reach long ranges. 
Gateways built from the concentrator 
will enable a communication path to 
the Internet, either via mobile cellular 
technology, DSL subscriber line, Eth-
ernet or wireless LAN connections.

IMST GmbH  
Kamp-Lintfort, Germany  
www.wireless-solutions.de 
www.webshop.imst.de

The protocol 
stack firmware has 
to cope with such 
new and promising 
architecture and 
use cases with their 
specific user scenar-
ios. Communication 
capacity has to be 
optimized – this is 
particularly impor-
tant with the lower 
bit rates compared 
to traditional short 
range wireless com-
munication. Fur-
thermore, the me-
dia access control 

(MAC) has to be organized in such 
a way that the number of collisions 
on the radio channel is minimized 
and the transmitted power and used 
spreading factor are set to the actual 
required minimum, depending on the 
data rate and the distance of the end 
nodes to the concentrator in the mid-
dle of the cell.

This is done with an adaptive data 
rate (ADR) access scheme. The first 

While a mesh network structure 
always imposes a heavy protocol over-
head, which does not fit with the no-
tion of lightweight implementation, a 
star structure with a central communi-
cation point in the middle of a cell ap-
pears to be the right means of admin-
istering the deployed end nodes with 
central control, strong synchroniza-
tion and minimum protocol overhead 
(see Figure 2).

s Fig. 2  Typical architecture of a LoRa network with different 
applications and different spreading factors (SF) and frequency 
channels (F). The concentrator is the central radio part of the gateway.

LoRa Server

LoRa
Gateway

LoRa
Gateway

Application Server

Distance

Ethernet

SF12, F1SF11, F5SF10, F4SF9, F3SF8, F2SF7, F1

Internet

Tech Brief

Low g-Sensitivity, 
Ultra-Low Power 
OCXOs
CTS Corp.
Elkhart, Ind.

C TS has expanded its OCXO 
portfolio with the addition 
of a low g-sensitivity option 

on their miniature, high performance, 
ultra-low power OCXOs. Models 144, 
VFOV405 and VFOV504 now include 
low g-sensitivity at 10 and 100 MHz 
to 2-10/g. This is an order-of-magni-
tude improvement under dynamic 
conditions. Added to the size, weight, 
power (SWaP) and other performance 
features, these products are highly at-
tractive compared to the industry’s 
standard OCXOs, which are large and 
power hungry.

The 144, VFOV405 and VFOV504 
models cover HF, VHF and UHF 
bands and come in TO-8, cold-weld-

ed, evacuated enclosures. The addi-
tion of the low g-sensitivity option 
provides compelling solutions for the 
most challenging, high performance, 
frequency control needs, especially 
under dynamic conditions.

CTS LPOCXOs are designed into 
defense, aerospace, industrial and 
commercial applications. They are 
used in Tx/Rx, GPS and local and mas-
ter reference sources for ground, air-
borne, shipboard, undersea and space 
systems. CTS products are known for 
precision (≤ 10 ppb, -40º/+85ºC), low 

static phase noise (to -100 dBc/Hz at  
1 Hz, -170 dBc/Hz floor) and ultra-low 
power consumption (to 0.12 W steady 
state and 0.4 W start-up, typical). This 
performance is now combined with 
low g-sensitivity in a TO-8 package. 
In addition to low g-sensitivity, CTS 
also addresses the vibration and shock 
levels associated with all the markets 
they serve.

CTS Corp.,  
www.ctscorp.com,  
Albert.Riso@ctscorp.com
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Website Redesign
Anokiwave launched the redesign 
of their website to provide visitors, 
customers and partners with rel-
evant and easy-to-fi nd information 
about their new mmWave Silicon 
ICs, AESA ASICs and III/V prod-
ucts. The new look and improved 
functionality allows users to access 
new product information and the 

company’s blog with articles authored by their engineering team. The new 
website also includes new product information with datasheets, company 
overview and leadership team bios, links to Anokiwave’s social media pag-
es and the latest company buzz.
Anokiwave Inc.
www.anokiwave.com

LTE Carrier Aggregation 
Multiplexers
The number of cellular bands 
used concurrently under LTE 
Advanced continues to increase. 
Multiple carrier frequency bands 
are being aggregated to provide 
higher data throughput. Leverag-
ing unique FBAR fi ltering tech-
nology and in-house RF module 
expertise, Avago Technologies 

provides the industry’s most comprehensive and advanced portfolio of 
LTE carrier aggregation (CA) multiplexers enabling mobile data aggrega-
tion of more than 25 frequency segments.
Avago Technologies
http://go.avagotech.com/LTE-CA

LoRa Concentrator 
Module 
The IMST LoRa™ concentrator 
module iC880A is targeted for a 
huge variety of IoT applications. 
It is a multi-channel, high perfor-
mance transmitter/receiver mod-
ule designed to receive several 
LoRa packets simultaneously us-
ing different spreading factors on 

multiple frequency channels. It can easily be integrated into a gateway as 
a complete RF front-end. The module is fully certifi ed according to the 
European R&TTE guidelines. A comprehensive set of fi rmware options 
for medium access and networking is available.
IMST GmbH
www.imst.com

Modern Vector Network 
Analyzer 

Modern Vector Network Analyzer 
(VNA) architectures such as those 
based on Nonlinear Transmission 
Line (NLTL) samplers and distrib-
uted harmonic generators now offer 
a benefi cial alternative to traditional 
sampling VNAs. They allow for a 
simplifi ed architecture and also en-
able VNAs that are much more cost 
effective. It is shown that NLTL 
technology results in miniature 
VNA refl ectometers that provide 
enhanced performance over broad 
frequency ranges and reduced mea-

surement complexity, providing VNA users a unique and compelling solution 
for their high-frequency measurement needs.
Anritsu Co.
www.goanritsu.com/VNAFam

TL-P PIM Test Solutions

The TL-P product line is the ideal 
solution for bench top PIM ana-
lyzers in an indoor environment 
(lab or factory testing) offering 
excellent return loss performance. 
It joins a user-friendly handling 
that is new to the market, as well 
as durability and reliable PIM 
results in one product – an in-
vestment that boosts total cost 

of ownership. With its light weight and smooth physical characteristics, 
HUBER+SUHNER’s TL-P is also a great asset for fi eld test applications.
HUBER+SUHNER
www.hubersuhner.com

5G Channel Sounding

This new 5G application note 
provides insight into defi ning a 
channel-sounding measurement 
system for characterization of 
5G air interfaces through a va-
riety of measurement methods. 
The emerging 5G standard will 
almost certainly incorporate a 
combination of millimeter wave 
(mmWave) frequencies, ultra-
broad bandwidths and massive 
multiple-input-multiple-output 
(MIMO) methods. Although each 
of these adds diffi culty to the de-
sign of transmitters and receivers, 

the most signifi cant unknowns are in the over-the-air radio channels be-
tween user equipment and base station. Keysight’s 5G solutions are ready 
to enable deeper insights as the standards evolve.
Keysight Technologies
www.keysight.com/fi nd/5G
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For your leading-edge synthesizers, local oscillators, and satellite up/down converters, Mini-Circuits 
offers a large selection of broadband doublers, triplers, quadruplers, x5, x7 and x12 frequency multipliers. 

Now generate output frequencies from 100 kHz to 20 GHz with excellent suppression of fundamental frequency 
and undesired harmonics, as well as spurious signals. All models feature low conversion loss and are 
designed into a wide array of off-the-shelf, rugged coaxial and surface-mount packages to meet your 
requirements. 

Visit our website to view comprehensive performance curves, data sheets, PCB layouts, 
and environmental specifications. Order direct from our web store and have a unit 
in your hands as early as tomorrow!     
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DOCSIS 3.1 Product 
Guide

Mini-Circuits’ new DOCSIS® 3.1 
Product Guide, a 116-page full-
color catalog, showcases the com-
pany’s line of “next generation” 
products for CATV and broad-
band markets. The guide provides 
detailed information on Mini-
Circuits’ wide range of RF com-
ponents, all carefully specifi ed to 
meet DOCSIS 3.1 standards. This 
includes everything from passive 
devices such as its transformers, 
couplers, and splitter/combiners 
to active elements such as ampli-

fi ers, equalizers and more. With over 70 different DOCSIS®-compliant 
models, chances are Mini-Circuits has your application covered.
Mini-Circuits
www.minicircuits.com

Channel Sounding Test 
Solution

Rohde & Schwarz supports re-
search activities to make the spec-
trum in the millimeter wave range 
usable for 5G with a new channel 
sounding solution. It is based on 
the R&S SMW200A vector signal 
generator and the R&S FSW85 
signal and spectrum analyzer, the 
only device on the market that 

covers 2 Hz to 85 GHz in a single sweep without the need of external 
harmonic mixers. Equipped with the R&S FSW B2000 option, it can even 
analyze signals with a bandwidth of up to 2 GHz. 
Rohde & Schwarz GmbH & Co. KG
www.rohde-schwarz.com 

NI AWR Design 
Environment V12.01

NI AWR Design Environment™ 
is complete high-frequency design software for system simulation, circuit 
simulation, and electromagnetic analysis. V12.01 has been released and 
continues to build upon the new load-pull features of V12. In addition, 
the V12.01 update includes multiple improvements to system simulation 
within Visual System Simulator™, layout, tuning, yield analysis and opti-
mization capabilities within NI AWR Design Environment, inclusive of 
Microwave Offi ce and AXIEM and Analyst™ 3D EM simulators.
National Instruments 
www.ni.com

Low PIM Switch for T&M

The saving potential of SPINNER’s 
low PIM switches in RF testing en-
vironments is immense. They spare 
you the hassle of undocking and re-
docking measurement cables when 
performing different measurements 
on the same DUT. Technically 
speaking, these are DPDT switches 
with two parallel-switching inputs 
and outputs. They are available with 
7-16 and 4.3-10 connectors and spec-
ifi ed for -165 dBc (typ. -170 dBc). A 
perfect fi t for measuring VSWR and 
PIM in the frequency range between 
330 MHz and 3800 MHz.

Spinner GmbH
www.spinner-group.com
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¸FSW signal and spectrum analyzer
❙ Models up to 67 GHz  NEW
❙ Up to 500 MHz analysis bandwidth  NEW
❙ Realtime analysis up to 160 MHz bandwidth  NEW
❙ Pulse parameters at a fingertip
❙ Unmatched low phase noise of –137 dBc (1 Hz) 
 at 10 kHz offset (1 GHz carrier)

Explore the limits. 
T&M solutions for  
aerospace and defense.
Today‘s aerospace and defense technologies demand ever more 
sophisticated test and measurement solutions to stretch the limits 
of what is feasible. As a full-range supplier, Rohde & Schwarz 
offers a broad portfolio that proves its capabilities in even the most 
demanding applications. Our leading-edge expertise in microwave, 
RF and EMC helps customers assess performance, optimize platforms 
and get the most out of systems. Convince yourself.
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Download our white paper Implementing 
a Flexible Testbed for 5G Waveform
Generation and Analysis at 
www.keysight.com/find/5G-Insight
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