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BETTER NETWORKS / BETTER PERFORMANCE.

Dr. D.A.S. © Prescribes...
H Series High Power

Divider/Combiners
For next-generation DAS, 5-500 MHz,
there’s only one name for passives. A-Weny &:4-Woy
It's simple. Better signals equal better performance. Today's bulldings perscnify Type N & SMA

the need for next-level Distributed Antenna Systems (DAS). And the engineers
that are bullding them turn to MECA for passive components.

Amercan ingenuity and 53 years of experience have resulted in the deepest,
most rellable product line of ready-to-ship and quick-trun solutions, such as:

Dr. D.A.S. © Prescribes: MECA Low PIM Products
Power Dividers Up to 16-way and 18 GHz

Attenuators Up to 60 dB and 500W

Terminations Up to 500W

Couplers Up to 40 dB and 1kW

Integrated Rack Units Delivered in 3-6 weeks

They come with an indusiry leading 3 year guarantee and true MECA pride.

Ready to build a better DAS? Start with a visit to www.e-MECA.com.
“delivered on time every timell”

. iBwave E#=mE Microwave Electronic Components of America
Look for the sxpanding 4 The Professional's Choice for RF /Microwave Passive Components
lineup of MECA producks
in your [Bwave [ibrary, E 459 E. Main 5t., Denville, NJ 07834

Tel: 973-625-0661 Fax; 973-625-0277 Sales@e-MECA.com
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Picoprobe elevates m;'o

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

testing instruments.

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

Through unique design

GGB INDUSTRIES, INC. -

Telephone (239) 643-4400 -

¥/ 5
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-
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cards to a higher level...

(-..110 GHz to be exact.)

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

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

P.0. BOX 10958 -
Fax (239) 643-4403 «

E-mail email@ggb.com °

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

Typical Specs 10GHz 20GHz 40GHz
Insertion Loss 0.6 dB 0.8 dB 1.3 dB
Return Loss 22dB 18dB 15dB

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

NAPLES, FL 34101

www.picoprobe.com
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POWER
SPLITTERS/
COMBINERS

noW 2 kHz 1018 GHZ 10 79°

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 Q systems.
From 2-way through 48-way designs, with 0°, 90°, or 180°

phase configurations, Mini-Circuits power splitters/combiners  offer

= f outstanding performance for insertion loss, isolation, and VSWR.
Decades of experience with multiple technologies make it all possible, from

core & wire, microstrip, and stripline, to semiconductors and LTCC ceramics.

Get easy-to-find, detailed data and performance curves, S-parameters,

. outline drawings, PCB layouts, and everything else you need to make a decision

~ o quickly, at minicircuits.com. Just enter your requirements, and our patented search
- engine, Yoni2, searches actual test data to find the models that meet your needs.

All Mini-Circuits catalog models are in stock,

0

_—
- continuously replenished, and backed by our 1-year guarantee. We even list
— - — current stock quantities and real-time availability, as well as pricing, to
v S help our customers plan ahead and make quick decisions.

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

0 RoHS Compliant
Product availability is listed on our website.

[ JMini-Circuits’

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

/Jlll.‘\

w

Cavity Filters Surface Mount Circulators

Waveguide Isolators Power Combiners Coaxial Circulators
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Tunable
Filters from
Stock

w b

IL ]
age s sAMDFalS FALTER 5
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- i ADLE BANIDCASE FILTEN -

Same-Day Shipping Available
Factory-Direct Pricing
Bandpass and Bandreject
Stock Filter List at:

www.kimicrowave.com/tunable.php

Other Options
Additional Frequency Ranges
Custom Bandwidth
Digitally Controlled

MICROWAVE

icrowave s 3
“PYroducts TV COMEMGOME ® IR RS LI ECUEVER
Ci;- roup www kifilterwizard.com
—- Phone: 410-749-2424
A a7} 2 2
Email: sales@klmicrowave.com
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leledyne’s ACP20015
Ultra-Broadband Amplifier
2.0- 200 GHz, 10 dB gain,
16.0 dBm typical output
power, 3rd order intercept

+26 dBm. -55 to +85°C,
fully-hermetic. Operates on
5 VDC at 76 mA. Military or
space-level manufacturing
screening is an available
option. EAR-95,

Your Microwave
Solutions are here.

Six industry-leading providers
have come together to deliver
the most comprehensive
Microwave RF solutions.

One Resource providing the
Ultimate Solutions.

verlapping Technologies
Ultimate

Teledyne’s A3CP6025
Broadband Amplifier
0.07 o 6.0 GHz, Gain

s 24 o typical, output
poweris +25 dBm, 3rd
ordef intercept +34 dBm.
Reverse isalation -50d85.
Oyperafes on 15 VD
300 mA

High power, broadband,

helix Ir.lw.hm; Wave Tubes for
ECM, Radar, Communication
& Instrumentation in airborne,
shipboard, ground rmobile

and laboratory environmernts

Ultra low phase noise

¥IG Oscillators covering
multi-octave bands up to 180GH.
Surface Mount or connectorized
packages for commercial

and military applications

Kir-Barnd S5PA

e Exceptionally srmall size 15W
- P1 Kiu-Band Solid State Power
Amplifier for Satcom & CDL

frequency bands. Product
' e includes Forward power detect,

r Thermal Monitor, VEWR monitor
1 and high speed blanking. Ulnit
incorperates a low output

SSPAS Ir-l;-lc': VEF Mo

"‘ TELEDYNE

MICROWAVE SOLUTIONS
Everywhereyoulook™

11361 Sunrise Park Drive | Rancho Cordova, CA 95742
T: 816.636.7423 |TeledyneMicrowaveSolulions.com
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Enhanced, Expanded, Perfected.
Powerfilm™ attenuators go further.

[DEROFLEX

INMET

Scalable equivalent circuit models and S-parameter data are available
CS

at Modelithics.com, in the simulator libraries of Agilent's ADS and
Genesys software, and in AWR’s Microwave Office suite.

Inspired by original designs
produced by Aeroflex / KDI
decades ago, new Powerfilm
surface-mount attenuators
from Aeroflex / Inmet are
now produced in our new
USA facility, and enhanced
to include even more attenu-
ation range and power than
ever before. Employing a
proprietary, highly reliable
thick/thin film processing
approach, these devices

are optimized for your high-
power signal conditioning,
leveling, gain optimization
and matching network
challenges.

Frequency Performance
up to 18 GHz

Attenuation Ranges
up to 20 dB

Power Ranges up to

100 Watts

They're easily designed-in,
are readily available, and
are priced competitively.
Visit our website for
detailed specifications.

888-244-6638

www.aeroflex.com/inmet

(\EROFLEX

A passion for performance.
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Cover Feature

20 Modern High Efficiency Amplifier Design
Using Envelope Tracking, Doherty and
Outphasing Techniques

20 Envelope Tracking Power Amplifier Design
Zhancang Wang, Nokia

32 Asymmetric Doherty Power Amplifier Design
Damon Holmes, Freescale Semiconductor

40 Class-E Package Based Chireix Outphasing
Power Amplifier
Mustafa Acar, Robin Wesson and Mark P. van der
Heijden, NXP Semiconductors

46 Asymmetric Multilevel Outphasing Power
Amplifier Design
Ray Pengelly, Cree RF Products

MVP: Most Valuable Product

52 PXle Performance Vector Signal Analyzer
Agilent Technologies, Inc.

Mask & expose Bake to Etch away Final part
to UV light form ceramic ceramic

Special Report

46 Cost Effective 3D Glass Microfabrication
for Advanced RF Packages

J-H. Flemming, R. Cook, S. Sibbet, C.F. Schmidt, K.
Dunn and |. Gouker, 3D Glass Solutions Inc.

Technical Features

84 Synthesizers: Looking Beyond the Basics
Alexander Chenakin, Phase Matrix, A National
Instruments Company

96 0CXO0 solutions Based on IHR Technology
Igor Abramzon and Vadim Tapkov, Magic Xtal Ltd.

102 A Tunable Dual-Band 6 Bit Digital Phase
Shifter Using DGS and Stubs
Zheng Liang Lv and Shuxi Gong, Xidian University;

Shiwei Zhao and Xiang Zhang,
Shanghai Radio Equipment Research Institute

AUGMENTED REALITY: HOW IT WORKS

STEP1

Download the free Layar app from the
iTunes (i0S) or Google Play (Android)

STEP2

Launch the app to view
enhanced content on any page
store. with the lcgm

Refer to page 136 for this month’s participants

STEP3

Frame the entire page in the screen and
tap to experience enhancements (tap
logo. screen again for full screen view).

57 YEARS OF PUBLISHING EXCELLENCE
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50Q Matched Input

30MHz to 6GHz Mixer
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LTC5510

LO\y

Excellent Dynamic Range, High Port-to-Port Isolation

The LTC®5510’s continuous 50Q matched inputs and high IIP3 from 30MHz to 6GHz set a new level of performance for
ultra-wideband scanning receivers, broadcast radios, VHF and white-space receivers, wireless microphone receivers,
public safety radios, cable infrastructure receivers and RF test instrumentation. The device’s up or downconversion
capability provides flexibility while its excellent isolation performance simplifies your design.

WV Signal Chain Components

LTC5567 +26.9dBm 1IP3, LTC5582 10GHz, 57dB Dynamic
1.9dB Gain Mixer Range RMS Detector
Detector
LTC5569 Dual +26.8dBm 1IP3, LTC5587 6GHz 40dB Dynamic Range
Low Power Mixer RMS Detector + ADC
LTC6430-15 +50dBm OIP3 LTC6412 31dB Gain Control,
@240MHz,15dB Gain Analog VGA with
Differential Amplifier +35dBm 0IP3
e 4 LTC6431-15 +47dBm OIP3 LT®5554 160B Gain Control,
@240MHz,15dB Gain 0.125dB/Step
Single-Ended Amplifier Digital VGA
LTC2158-14 Dual 14-Bit, LTC6946 Low Phase Noise
310Msps ADGC Integer-N PLL +VCO
ADC . -
LTC2209 16-Bit, LTC6945 Low Phase Noise
160Msps ADC Integer-N PLL

TECHNOLOGY

V¥V Info & Free Samples

www.linear.com/product/LTC5510

1-800-4-LINEAR

Free Wireless
Solutions
Brochure

pa=

www.linear.co reless

AT, LT, LTC, LTM, Linear Technology and the Linear logo are
registered trademarks of Linear Technology Corporation. All other
trademarks are the property of their respective owners.
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Product Features

110 Flexible Device Lineups for TD-LTE and FDD-LTE

Freescale Semiconductor Inc.

112 STAN Circuit Stability Analysis Tool
AMCAD Engineering

116 FEKO: The Power of Muiltiple Solvers
EM Software & Systems — S.A. (Pty.) Lid.

Tech Briefs

120 Handheld Cable and Antenna Analyzer with Frequency
Coverage Up to 40 GHz

Anritsu Co.

122 1805 to 1880 MHz, 200 W Amplifier
Broadband Wireless

124 Kka-Band ITAR-Free Suite

Teledyne Microwave Solutions
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Agilent’s Electronic Measurement Group is becoming Keysight Technologies.

Performance is its middle name.

GEpe | @Ee | @he @) Fpe

Introducing the world's fastest, 27 GHz high performance PXIe
vector signal analyzer (VSA), the realization of Agilent’s microwave
measurement expertise in PXI. The M9393A integrates core signal
analysis capabilities and proven measurement software with modular
hardware speed and accuracy. So you can tailor your system to fit
specific needs today and tomorrow. Deploy the M9393A and
acquire the performance edge in PXI.

[=] % =]
Scan QR code to
r‘:d- ll'n' B '; hear directly from

M9393A design
engineers.

© Agilent Technologies, Inc. 2014

Agilent M9393A PXle performance vector signal analyzer

Frequency Range 9 kHz to 27 GHz

Analysis Bandwidth Up to 160 MHz
Frequency Tuning 150 ps
Amplitude Accuracy  +0.15dB

Download new app note on innovative techniques
for noise, image and spur suppression.
www.agilent.com/find/M9393APXI

u.s. 1-800-829-4444 canada 1-877-894-4414
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Free Webinars U nich SR ve
New Features for MW, RF and Optical Simulation in i hﬂology Wl n
CST STUDIO SUITE 2014 teC - pa,c’s 0
Presented by: CST On Demand 1 the b-lgges Jifer 1
Current Induced in Si RFIC Substrates by Spiral Inductors 3 mp

\piat
and Patterned Ground Shields | imp'fo 4;G' |
Presented by: Sonnet Software On Demand 1en0-y fO'f
ADS 2014: New Technologies, New Capabilities and Impressive ‘ e‘fﬁc
Productivity Improvements i : . oice
Presented by: Agilent Technologies On Demand deilfor our multlpsg:;nal.com l
Reduce Size and Prime Power While Increasing Performance Loivey online ab -
with New TriQuint Radar Solutions | B - m -
Presented by: TriQuint Semiconductor 4/15 =
EMC Back to Basics February Survey
Presented by: Agilent Technologies 4/16 What would you
Effectively Maintain Mission Critical Communication Systems like to see most at
Presented by: Agilent Technologies 4/17 Mobile World C ongre SS?
Techniques for Precise Cable and Antenna Measurements - 5 1TE ang
in the Field ricsson’s microwave connectio? etween an
Presented by: Agilent Technologies 4/23 I'em"te radio units [10 votes] (3%)

Advanced Safety Systems in Automotive Designs ) -
Presented by: Isola 4/30 ?1263/2%%??:&3!% small cell backhaul system

Anything HetNet [4 votes] (1%)

Peregrine's new Global 1 re-configurable 40 band
UltraCMOS front-end module [327 votes] (86%)

Executive Interview

Whatever happened to Qualcomm's
RF360 [22 votes] (6%)

White Papers
Check Out

Accurate System Level Design with Low Noise Amplifier’s These Channels
BlackBox Models
Richardson RFPD

Verifying Power Sensor Linearity Channels

Tegam

Expanding Bandwidth with Ferrite Loaded Transmission-Line
Devices
TRM Microwave

Catch the newest episode of Frequency Matters,
the new web series by the editors of

Microwave Journal, at
www.microwavejournal.com /FrequencyMatters
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Has Amplifier Performance or
Delivery Stalled Your Program?
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TECHNOLOGIES

Innovating 1o Excel

www.bnztech.com
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CERAMIC FILTER

LOW PASS BANDPASS HIGH PASS

45 MHz to 15 GHz from9 Qa. qty.3000
185

Over 16% models...only 0.12 x 0.06" These tiny hermetically sealed Wild Card KWC-LHP LTCC Filter Kits only$98
filters utilize our advanced Low Temperature Co-fired Ceramic (LTCC) Choose any 8 LFCN or HFCN models

technology to offer superior thermal stability, high reliability, and very low Y ..? )
& ,J J Receive 5 of ea. model, for a total of 40 filters

cost, making them a must for your system requirements. Visit our o
website to choose and view comprehensive performance curves, data s < Order your KWC-LHP FILTER KIT TODAY!

sheets, pcb layouts, and everything you need to make your choice. )
You can even order direct from our web store and have units in your () RoHS compliant Uss. Patents 7760485 and 6,943,646
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CoVER FEATURE
INVITED PAPERS FROM
Nokia, Freescale Semiconductor,

NXP Semiconductors and
Cree RF Products

Modern High Efficiency
Amplifier Design:
Envelope Tracking,
Doherty and Outphasing

ith the evolution of mobile services
s ; s / from 2G to 4G, progressively more
complex signal modulation schemes
have been introduced to fulfill the ever increas-
ing data capabilities. Broader bandwidths and
higher peak-to-average power ratios (PAPR)
demands have had a direct impact on RF PA
designs, as shown in Figure 1. From the 2G
Global System for Mobile Communications
(GSM) to current 4G LTE-A systems, increas-
ing transmission rates have evolved up to 100
Mbps in the downlink and up to 50 Mbps in
the uplink resulting in the need for advanced
modulation techniques. The problem is how to
achieve high efficiency over a broad bandwidth
to decrease power consumption while main-
taining linearity to ensure modulation accuracy
and minimize spectral regrowth.

This article takes a look at some of the high
efficiency PA design techniques and compares
their advantages and disadvantages. Several in-
dustry design experts from leading companies
contributed articles on each technique: Nokia
— Envelope Tracking (including Multi-Nested
ET), Freescale — Asymmetric Doherty, NXP —
Chireix Outphasing and Cree/Eta — Envelope
Tracking/Outphasing  Hybrid =~ (Asymmetric
Multilevel Outphasing).

ENVELOPE TRACKING POWER
AMPLIFIER DESIGN

Zhancang Wang
Nokia, Beijing, China

The ET approach is one recommended power
supply technique that maximizes the energy ef-
ficiency of the PA by keeping it in compression
over the whole modulation cycle, instead of just
at the peaks, by dynamically adjusting the sup-
ply voltage to the RF PA. The ET technique can
be understood as a simplification of the enve-
lope elimination and restoration (EE&R) tech-
nique.? Rather than take out both the phase
modulation (PM) and amplitude modulation
(AM) information into separate paths, only the
envelope AM information is extracted. There-
fore, the RF PA operates in the linear region
and its supply voltage altered according to the
AM information. However, the supply voltage
needs to be varied with adequate headroom
to reduce distortion to the minimum possible
amount. With the headroom available, carrying
out an ET PA could be achieved without the
tremendous effort as an EE&R counterpart
since the ET timing matching is not as criti-
cal as that in EE&R. The block diagram and
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Fig. 1 The technology development of the RF PAs with the increased PAPR of signal for
wireless communication standards evolution (reprinted with permission from Artech House)!

principle of an ET
PA are presented in
Figure 2.

Statistical aver-

FIXED DC POWER SUPPLY

SUPPLY

HAVN

ENVELOPE | |
GENERATION| /\

age efficiency is an
indicator for aver-
age power comn-
sumption in most
wireless communi-

MODULATOR,

RF
cation systems with RF INPUT |Sin(t) [ OuTPUT
time-varying en- Sout(t)

velopes. The prin-
ciple behind ET is
to operate the PA
in the compression

s

Fig. 2 Block diagram of classical envelope tracking power ampli-

region as frequently fier with analog envelope generation scheme and RF delay for branch

as possible.
technique takes ad-

vantage of the statistic that both the
point of peak efficiency and the point
of peak output power vary as the sup-
ply voltage ranges between ups and
downs. Figure 3 shows the drain ef-
ficiency trajectory as a function of
output power for a group of supply
voltage values. The output power of
peak efficiency increases with a rise
of supply voltages, but has a constant
high efficiency across a wide output
power range to tolerate back-offs for
high PAPR signal probability density

This timing (reprinted with permission from Artech House)!

function (PDF) distribution. For that
reason, the straightforward impres-
sion of ET is to map instantaneous
output power to an optimal supply
voltage value. In this manner, the PA
is on the edge of the compression re-
gion most of the time. The theoretical
efficiency using ET for a particular PA
is presented in Figure 4 as the dashed
thick black trace. As illustrated, the ef-
fective drain efficiency is substantially
superior to the actual drain efficiency

of a fixed supply voltage.
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Envelope Generation

One of the critical aspects of ET
PA design is firstly stripping the RF
carrier off to reveal the envelope and
then transferring it with appropriate

90

scaling to the supply bias of RF PA in
real-time manner. There are mainly
two methods to realize the envelope
generation. One is utilizing the RF
envelope detector analog circuitry.
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The other is digitizing the waveform
of the signal and performing a math-
ematical fit to determine the exact en-
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CONTACT SWITCH: Model of the electrical current and
heat flow through the contacting surfaces of a switch.
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velope values in baseband processing.

For the interfacing between en-
velope source and supply modulator,
there are specifications to guarantee
the signal integrity. For example, The
Mobile Industry Processor Interface
(MIPI®) Alliance, an international
organization that develops interface

Vbc
NONLINEAR
AMPLIFIER

_J\_’\—_.I CONTROLLER
SENSED

specifications for mobile and mobile-
influenced industries, has a standard
analog reference interface specifica-
tion between generator and supply
modulator for ET called eTrakSM.1
eTrak is a multi-source vendor, inde-
pendent interface that provides in-
teroperability between the envelope
generator and ET
supply modula-
tor, enabling wide
deployment of ET
technology in the

Vbc

ENVELOPE industry. eTrak is
(D) 1. Dy Uniquein that unlike
LINEAR i C) z() ) X other MIPI Speciﬁ—
ENVELOPE PLIFIER V..

REFERENCE IN

Fig. 5 Nested supply modulator with controlled current source ar-
ray, which can be seen as another variant of combined hybrid topology
with continuous serial hybrid and multi-current-source parallel hybrid
in conjunction (reprinted with permission from Artech House)!

cations, it provides a
full analog interface
rather than only a
port physical layer
(PHY).

RF Power Amplifier
Design for ET

In ET PA design,
the link between the
supply  modulator
and RF PA should

be examined care-
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fully in order to maximize efficiency
and linearity systematically. Unlike
small signal amplifiers that operate in
the linear region, the RF PA operates
in the large-signal regime, where the
voltage and current pass through the
entire active region of the transistor,
and sometimes fall into cut-off and
saturation regions. The strong non-
linearities of the RF PA result in the
phenomenon of intermodulation dis-
tortion, wherein the spectral content
at integer multiples of the stimulus
appears at both the input and output.
The linearity and efficiency perfor-
mance of the RF PA is established
only when these individual mixing
products are handled properly.

Even with all the advantages of the
reduced conduction angle, the main
problem of such PAs lies in the fact
that it involves an increase in the input
RF signal with the reduction in the
conduction angle if the peak current is
to be maintained constantly. As a con-
sequence, the gains of such PAs are
reduced, which limits the usefulness
of these techniques in the design of
PAs with devices possessing high gain.
An alternative solution to enhanc-
ing peak efficiency while overcoming
the problems caused by harmonics
present in the output of the PA is to
provide drain current and voltage en-
gineered shaping for achieving Class-
F, Class-F~1, Class-] and Class-P op-
eration modes, in order to obtain in-
creased output power and peak drain
efficiency for ET. The Class-P design
has been introduced in reference 1, as
shown in Figure 4.

To alleviate the negative effects
of ET, several design methods from
supply modulator, RF PA and digital
front end algorithms have been intro-
duced to enhance ET techniques for
wireless communication applications.
Although linearity and efficiency are
mutually exclusive properties in tradi-
tional fixed supplied RF PAs, ET PAs
can linearly amplify amplitude and
phase modulated signals with much
higher efficiency. Both linear PAs and
high efficiency switch mode PAs can
benefit from ET with modern predis-
tortion schemes.

Nested and Multi-Nested Envelope
Tracking

For a wideband operation of the
parallel hybrid supply modulator,
the switching frequency of the buck
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ET PA WITH MULTI-NESTED
ET PA CLASS-B PA

ET PA EFFICIENCY

AVERAGE MODULATED
OUTPUT POWER (W)

Fig. 6 RF PA efficiency compared to an
average modulated output—the multi-nested
solution provides more tolerance to average
power again (reprinted with permission from
Artech House)!

switcher should be very high, lead-
ing to deterioration of the efficiency
of the switcher from switching losses.
This switching operation efficiency
may be too high to efficiently provide
the power for high PAPR signals hav-
ing a broad bandwidth. In addition, to
compensate for the switching ripple
current, the bandwidth of the linear
modulator must cover the switching
frequency so that it consumes a large
amount of DC power, a further dete-
rioration in the overall efficiency.

Vob Vbp
~~\. NN\
214 NESTED 2nd NESTED'
RF POWER RMS -
VOLTAGE AN\ ISR sy Isw
1 NESTED [{VH _C)'_C)Z_Cj*
SR NEA n
L CURRENT
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S

GND

s

RF SIGNAL INPUT |

Fig. 7 Block diagram of the multi-nested supply modulator with ideal current source array.

To preserve the benefits of the
combined hybrid supply modulator
for higher efficiency, a further new
variant of ET is the nested supply
modulator. As a similar concept to
the combined hybrid in Figure 5, the
nested supply modulator combines
the nested structure and controlled
current source array technology to
generate at least three points of maxi-
mum efficiency of the supply modula-
tor in theory. In this way, the modula-
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tor can tolerate more power back-offs
in handling PDF peak, which is always
in motion to the low output power re-
gion and maintains high average effi-
ciency over a wide range of power and
bandwidth.

The envelope voltage shaping
functions are not effective for the ef-
ficiency enhancement. However, the
envelope current shaping can be ef-
fective for efficiency improvement
of the supply modulator. Therefore,
the controlled current source array
in the nested supply modulator, with
envelope input control with shaping
functions as efficiency is optimized to
enable envelope current shaping, co-
ordinates with envelope voltage shap-
ing to further enhance the efficiency
of the supply modulator as well as lin-
earity optimization.

By means of this scheme combined
“fast and slow” envelope tracking, the
instantaneous supply voltages to RF
PA drain/collector are not only cor-
related with instantaneous envelope
shape, but also the average power of
long term RF levels. Therefore, the
back-off efficiency boosting capabil-
ity of envelope tracking is further en-
hanced to wide dynamic range. It can
be employed to realize highly efficient
power amplification over a flexible
power saving mode in LTE-A applica-
tion scenarios.

Therefore, the most significant fea-
ture of a multi-nested supply modula-
tor is to realize fast ET combined with
slow average power tracking (APT)
simultaneously. It further boosts the
average efficiency of high PAPR signal
amplification with even average out-
put power back-off scenarios as shown
in Figure 6. The slow mode APT is
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introduced to adjust average output
power according to wireless traffic
profile change as a slow way of ET
to compensate the efficiency drop by
adjusting overall supply voltages with
traffic profile shape. Therefore, be-
sides tracking the instantaneous enve-
lope signal, the change of average RF
power envelope can also be tracked,
which determines the dynamic range
parameter in the RF transmitter sys-
tem and creates another dimensional

capability for ET rather than the con-
ventional fast ET only. By adding an-
other dimension of envelope tracking,
the average back-off efficiency can be
extended.

Measurement Results

The schematic of this proposed
envelope tracking system is shown
in Figure 7. The power amplifier at
2140 MHz in reference 3 was tested
with W-CDMA 10 MHz, two carrier,
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PAPR=6.5 dB; the proposed modula-
tor with first and second order nested
structures were implemented on the
120 W GaAs transistor with LTE 20
MHz, one carrier, PAPR clipped into
6.6 dB.

From the sweeping test results in
Figure 8, higher instantaneous ef-
ficiency and back-off efficiency were
observed, especially when 27¢ order
nested structure was applied. Ap-
proaching 63 percent collector effi-
ciency at 58 W average output power
was observed, without any lineariza-
tion; greater than 45 percent collector
efficiency was observed from 5 to 58
w average output power range. The
average saturated output power of the
transistor was increased close to 2 dB
when collector modulation was im-
plemented. However, due to Doherty
utilizing two transistors, the overall
saturated output power of ET PA was
still lower.

As shown in Figure 4, the ET PA
with and without multi-nested scheme
was tested and compared. 100, 40
and 11 percent of full power was de-
fined as the metric of wide dynamic
range for enhanced LTE power sav-
ing scheme. There was no advantage
when multi-nested was running in full
power. However, the efficiency could
be boosted by 13.3 and 24.8 percent
when compared to the scenario when
only single nested was implemented.
These results showed benefits for
wide dynamic range during power
saving mode. And the concept of the
proposed multi-nested was verified by
this test scheme.

The multi-nested envelope track-
ing PA is proposed for wide average
power dynamic range, which can

ET PA w/15t Order Nested
ET PA w/2"d Order Nested
Doherty in [3]
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Fig. 8 Collector efficiency comparison
between Doherty y and the proposed ET
PA technology with/without 2" nested ET
scheme.
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keep high efficiency during large av-
erage output power back-offs. Prin-
cipally, the PA supply is varied based
on the monitored envelope levels and
changed all the time so as to correctly
meet the output power level of the
PA at each moment of time to achieve

high efficiency.
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In essence, the Doherty PA archi-
tecture utilizes dynamic loading of
a Class-B amplifier. The amplifier is
designed to operate into a load that
is favorable to high efficiency under
low RF signal levels and conversely
operate into a load favorable to high
power under high RF signal levels.
The dynamic loading is accomplished
through the synthesis of virtual loads
by means of a secondary amplifier
based on instantaneous output power
requirements.

The Doherty PAs implementation
is relatively straightforward using
standard RF matching techniques
and is shown in its classical form in
Figure 9. Main and peaking are
tuned amplifiers typically biased in
Class-B and Class-C. The two am-
plifiers connect to a common load
through a quarterwave transmission
line. At instants in time when the
input signal envelope is large (thus
a high output power condition), cur-
rent is injected from each ampli-
fier in-phase into load RO. At times
when the input signal has low enve-
lope levels, the peaking amplifier is
disengaged and does not contribute
current into the load thereby leaving
only the main amplifier contributing
to the output. During low envelope
signal conditions, the peaking ampli-
fier ideally acts as an open circuit.

The quarterwave  transmission
line acts as an impedance inverter
when high output power is required.
An increasing current injected from
the peaking amplifier into the com-
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Fig. 9 Ideal two-way Doherty power amplifier.
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mon load RO, increases the effective
load on the quarterwave line, Z;. This
forces areduction in the loading of the
main amplifier as a consequence of
the familiar quarterwave line imped-
ance relationship of Equation 1.

Z
main — Z_l

With a reduced load, the main am-
plifier can contribute more current
and therefore more power without
clipping its voltage waveform — this
loading effect is critical when the en-
velope of the signal reaches a peak.

The Doherty PA efficiency is shown
in Figure 10 where significantly high
efficiency is achieved over a large
power range compared to a Class-B
amplifier. The droop in Doherty PA
efficiency is caused by the relatively
low efficiency of the peaking amplifier
when it contributes low output power
and has low voltage swings at its out-
put. For Doherty amplifier designs
with very large peaking amplifiers, the
efficiency peak is pushed to further
power backoff levels, but the efficien-
cy droop becomes excessive.

Idealized average efficiency can
be determined using the amplitude
statistics of the signal waveform. In
Figure 11, the average efficiency of
various ideal Doherty PAs are plotted
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Fig. 10 Doherty power amplifier instan-
taneous DC-RF conversion efficiency over
output power for variously sized peaking
sub-amplifiers.
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Fig. 11 Idealized average Doherty power
amplifier efficiency over output power for
various asymmetry ratios.
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as a function of backoff power levels using a W-CDMA
test signal waveform that is common to cellular infra-
structure base stations.

At 8 dB power backoff from maximum, the idealized
Doherty amplifier has an average efficiency near or greater
than 50 percent. This compares to an ideal Class-B whose
average efficiency is only about 27 percent. For applica-
tions where the PA operates more than about 7 or 8 dB
power backoff, the Doherty amplifier with an asymmetry
ratio r=1.7 achieves greater than 5 percent points higher
average efficiency than the traditional symmetric Doherty
of r=1.

Design Tips

Traditional RF matching techniques can be used for
the input match of the main and peaking amplifiers. This
includes multisection topologies. However, for broadband
RF performance, the output matching networks should be
designed using minimum phase networks. In addition, the
main amplifier output match should be designed such that
main experiences loadline modulation similar to Figure 10
as viewed at its current source plane in response to the
peaking amplifier current that is modulated into the com-
mon load. In a practical Doherty design, it is possible to
generate such loadline modulation by designing a singular
output match based on loadpull measurements that satis-
fies a high efficiency load tuning with no peaking current
injection, and a high power load tuning with full peaking
current injection. Alternatively, if an active device model

| 11 : I..; " '. |

Ynres<O-1JI TRA

of reasonable accuracy is available, the loadline very near
the main current source can be simulated and inspected in
RF CAD tools during the design of the output match. Of
course any charge storage on the output terminal of the ac-
tive device model may displace the simulated loadline, but
even this displaced loadline is usually sufficient to design
the output match to ensure proper load modulation.

The peaking amplifier should be designed to behave as
an open circuit at the reference plane of the output com-
bining node during low signal envelope conditions. The
offset line technique used by Yang! has proven to be an
important step in practical Doherty design so as to reduce
parasitic loading of the main amplifier under low envelope
signal conditions. Although a comprehensive analysis of
the effects of such parasitic loading has yet to be docu-
mented, particularly for broadband Doherty designs, the
offset line approach is known by Doherty practitioners to
improve overall amplifier efficiency.

The input signal is typically split using a 90 degree hy-
brid coupler. For Doherty designs with large peaking am-
plifiers relative to main (r > 1), it is recommended that
additional power is used to drive the peaking amplifier.
For example, a 5 dB directional coupler can be used for
asymmetric Doherty designs in an attempt to mimic the
ideal Doherty behavior shown in Figure 11. A more robust
method of splitting the input signal is to use a commercial-
ly available Doherty alignment module such as Freescale’s
MMDS20254HT1.2 This board level component allows for
independent and dynamic digital control of amplitude and
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Real-Time USB Peak Power Sensor.

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

Taking Performance to a New Peak.
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¢ Real-Time Power Processing™ for gap-free analysis

¢ 100 MSa/sec SUSTAINED sample rate is world’s fastest
¢ 10 GSa/sec effective rate for superb waveform fidelity
e <5 ns risetime and 70+ MHz video bandwidth

* 100 ps time resolution for enhanced trigger stability

e Triggered acquisition speeds over 40,000 sweeps/sec

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

For more information visit us at boonton.com or call
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Fig. 12 AFT18H357-24S asymmetric
Doherty power amplifier pulsed CW gain
and efficiency over output power.

phase of each main and peaking input
RF signal.

Doherty Circuit Performance

To demonstrate the performance
of an asymmetric Doherty power
amplifier, such a circuit was designed
around a commercially available Air-
fast™ AFT18H357-24S packaged
transistor product.? The product rep-
resents the latest generation of sili-
con LDMOS device technology and
was specifically designed for Doherty
cellular infrastructure applications
with high peak-to-average power ra-

holzworth
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Fig. 13 AFT18H357-24S asymmetric
Dobherty two-tone video bandwidth response.
tios. The AFT1S8H357-24S peaking to
main power ratio is r=1.7. The PCB
measures 4 x 5 inches. The circuit
can deliver over 400 W of peak out-
put power, achieves 50 percent aver-
age efficiency at 60 W average output
power, reaches over 17 dB of gain, and
linearizes to stringent spectral mask
requirements — all across the entire
DCS downlink band (1805 to 1880
MHz). Figure 12 shows the pulsed
CW gain and efficiency response as a
function of output power.

The circuit achieves excellent video
bandwidth with a two-tone resonance

of about 80 MHz, as shown in Figure
13. A large video bandwidth is nec-
essary to support wide instantaneous
bandwidth signals such as multicar-
rier GSM, LTE and W-CDMA. In
addition, for Doherty PA applications
where a predistorter is used for lin-
earization, a large video bandwidth is
especially important because the pre-
distorter tends to further increase the
bandwidth of the RF driving signal.
The asymmetric Doherty circuit
also meets spectral mask require-
ments when linearized with com-
mercially available digital predistor-
tion systems. Figure 14 shows the
linearized spectral performance of a
20 MHz wide two-carrier W-CDMA
test waveform at 60 W average output
power at a carrier frequency of 1843
MHz. Similar corrected performance
was achieved across the DCS band.
The Doherty power amplifier pro-
vides excellent efficiency enhance-
ment, with only marginally increased
RF design complexity compared to
Class-AB amplifiers. It has proven
itself to be an elegant power ampli-
fier solution in cellular infrastructure

DUT: 100MHz OCXO' |

100k ™

phone: +1.303.325.3473
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AR now offers the widest Class A solid state frequency range coverage in a single amplifier housing. Our widest
bandwidth designs now covers 700 MHz to 18 GHz frequency range in a dual band configuration. These amplifiers
come in two different band split configurations from 700 MHz to 4.2 GHz and 4 to 18 GHz up to 80 watts or from
700 MHz to 6 GHz and 6 to 18 GHz up to 50 watts. Other frequency band splits from 700 MHz up to 8 or 10.6 GHz
are also available.

You now have freedom like never before. Just pick the power you need in each band from our 40 available models.
We build our lower power dual band amplifiers with flexibility to increase the power levels at a later date, because your
needs are constantly changing.

Our dual band amplifiers can be used for multiple applications such as EMC, EW and TWTA replacements,
because they are linear, very reliable, have great harmonic rejection, and are extremely load tolerant.

To learn more, visit www.arworld.us/dualband or call us at 215-723-8181. 1SO 9001:2008
Certified
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Fig. 14 Linearized spectral performance of Freescale asymmetric Doherty power amplifier
at 60 W average output power, 50 percent efficiency, f, = 1843 MHz.
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Fig. 15 (a) Class-E schematic with finite DC feed inductor 1 (b) Model of Class-E. Note that
X is a small reactance to help maintain voltage and current orthogonality.

thanks, in part, to advances in digital
predistortion. Asymmetric Doherty
power amplifiers are now achieving
50 percent efficiency near 2 GHz with
17 dB gain for 60 W average power
applications — all using cost effective
silicon LDMOS device technology.
It remains to be seen if an alternative
amplifier architecture can ever dis-
place Doherty’s 75 year old invention
— at least in cellular infrastructure.
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Fig. 16 Efficiency as a function of nor-

malized output power (in dB) obtained by
sweeping the normalized resistance Ryopy =
R;/Ropr from 1 to 20 for different values of
q. Best efficiency is observed for q = 1.3.
A new approach in power device in-
tegration, matching and packaging is
presented that allows designers to easily
realize the benefits of Class-E in prac-
ticals designs. A new quasi load insen-
sitive mode of Class-E that has been
demonstrated to be particularly suitable
for load modulation architectures.!->

Quasi Load Insensitive (QLI) Class-E
In research circles, the Class-E PA
has been popular due to its high ef-
ficiency and simple circuit structure
shown in references 6, 7 and 10. In
Class-E, the inductance of the RF
choke is typically reduced to resonate
with the device output capacitance.
This is termed a “finite inductor’ Class-
E implementation. Recent analysis on
Class-E with finite bias inductor dem-
onstrates that there exists a continuum
of modes of operation which arises as
the relation between load network ele-
ments and input parameters are varied
as a function of the resonance factor

1
q=——
oJILC (see Figure 15) 15

Among the many design solutions,
there exists a unique Class-E mode of
operation for q = 1.3 which yields op-
timum efficiency over a range of load
resistances! (see Figure 16). This
makes it the best candidate for sys-
tems based on load-modulation such
as Doherty, dynamic load modulation,
or Chireix outphasing. This mode may
also be advantageous where a system
has to operate efficiently into an un-
certain load, for example, in an RF
energy delivery or microwave heating
application. The conventional Class-
E mode, where q — 0 with infinite
inductor impedance is not ideal for
load-modulation unless a more com-
plex — and therefore more lossy — vari-
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Fig. 17 Class-E switch voltage and current waveforms for q = 0 (a) and q = 1.3 (b) across a range of loads.

able load network is deployed.S’8
Waveforms of current through,
and voltage across, the active device
as simulated using the model in Fig-
ure 15(b) are shown in Figure 17 for
both the classical Class-E mode and
the QLI mode. Figure 17a shows that
the voltage waveform for the classi-
cal mode at nominal load resistance
reaches zero at switch turn on time, a
condition critical for efficiency. As the
load resistance is increased, however,

the voltage at the instant of switch
turn-on moment increases. This has
the effect of allowing simultaneous
voltage drop and current flow to ex-
ist at the switch plane, and dissipation
to occur. By comparison, as shown in

Figure 17b the unique property of

the QLI mode is that as the load re-
sistance increases, the turn-on voltage
slope changes from zero to a negative
value while still maintaining the turn-
on voltage close to zero.
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Theory to Measurement -
QLI Class-E in Package

When considering how to make
use of high efficiency switching
modes, the high frequency of opera-
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Fig. 18 CW 2.14 GHz load-pull data at
4 dB gain compression of CEiP device.
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A Fig. 20 Linearized ACPR for single and quad-carrier W-CDMA signals.

tion of GaN makes it an ideal choice.
The first design® to make use of the
QLI Class- E mode was an asymmet-
ric combiner Chireix outphasing PA
featuring bare 2.4 mm GaN dies wire
bonded to the planar coupler based
combiner and matching circuit. How-
ever, in standard ceramic packages,
the device designer is limited by the
available matching network topolo-
gies that can be practically realized.
The series capacitor in particular is
difficult to implement internally, so a
functionally identical transformed ar-
rangement has been derived from the
Class-E network.

The Class-E in package (CEiP)
has been built using NXP 0.25 um,
28 V. GaN HEMT technology and
commercially available NXP flanged
ceramic package SOT1135A. The in-
ductor L1 is realized inside the pack-

age using bond wires. Since the higher
harmonic terminations are handled
inside the package, a conventional
fundamental load pull system is suf-
ficient to obtain the optimum imped-
ance for both maximum efficiency and
maximum output power, as is shown
in Figure 18. Equally useful, a con-
ventional fundamental-only matching
circuit is all that is required to achieve
these high efficiency figures in prac-
tice.

To prove out the design of high
efficiency linear PAs using the new
CEiP device technology, a mixed
mode Chireix outphasing PA has been
constructed for 2.1 GHz operation, as
shown in Figure 19. The Chireix out-
phasing combiner topology and the
mixed mode operation is described in
reference 9.

The efficiency, output power and

MICROWAVE JOURNAL m APRIL 2014
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NEXT GENERATION
POWER AMPLIFIERS

What is it that makes these Power Amplifiers
NEXT GENERATION Power Amplifiers?

Significant size reduction

Empower RF Systems power amplifier systems
sizes reduced by 40-70%

1 kW of broadband output power in a 5U chassis and 500 W
of power packaged in a 3U chassis is unprecedented. Specs
are guaranteed across full bandwidth and over temperature.
Embedded controls and user access that are standard with
Empower next generation designs ensure that there is no
mystery about system perfor-
mance, end use conditions, or
operational status.

Empower RF Systems is hosting live demonstrations of selected
models from the list below at IMS 2014, Booth 523.

- SKU 2126 1 kW 20 - 500 MHz

- SKU2066 1kw 500-1000 MHz

- SKU 2162 1 kW 20 - 1000 MHz

- SKU2170 800W 1000 - 3000 MHz

- SKU2175 500W  20-1000 MHz
IMS 2014, where the “Size Matters” PA demonstrations are
being conducted, lends itself well to validating the exception-
al performance of these broadband, power amplifiers. Come
see for yourself and consider the possibilities for your applica-
tion with a high power amplifier that is 40 to 70% smaller than
what's available in the market. To illustrate the point, consider
the advantages of a 7U
next generation solution
versus legacy systems
: totaling 16U. A major

Lo, 3w ptes improvement for an air-
o borne platform, UHF and
L-Band pulse amplifiers

tied to a shared, 1U power

supply.

UHF, 1 kW pulse

L]

www.EmpowerRE.com

sales@empowerrf.com

Amplifier Software

Embedded web server
Real time power amplifier diagnostics
Remote monitoring and control

User interface capabilities of Empower
Next Generation power amplifiers allow
the user to initiate remote management
and diagnostics via an embedded web
server, enabling network managed site
status and control simply by connecting
the unit’s Ethernet port to a LAN or
accessing the unit’s IP address. For ma-
chine to machine interface (M2M), Empower offers TCP/IP
or UDP protocol sockets accessed through the Ethernet port.

The feature rich menu that is available on these high power
amplifiers includes real time monitoring, protection and
control, sensor driven dynamic adjustments to the amplifier
while in operation, remote user access, and a selection of
communications protocols that can be enabled by the end
user during system set up. Software updates can be delivered
via a “direct connect” link, if permitted by the customer, from
Empower to the fielded amplifier via the amplifier’s embedded
web server or updated via a USB drive inserted directly into
the back panel of the amplifier. The USB upload process is
streamlined for “ease of use” with a self extracting and self
loading program.

Scalable output power architecture
Next Generation Building Block Modules

Our advances in RF system design are complimented with
advances in RF module design.
Integral to our systems designs and
also sold as building block modules,
Empower’s latest PA modules are

a “minimal touch” design which
incorporate latest devices, circuit
topologies and thermal management techniques.

- SKU1163 125W 20-520  MHz
SKU 1193 100W  20-1000 MHz
SKU 1199 100 W 1000 - 3000 MHz
SKU 1191 100 W 2500 - 6000 MHz

111

Booth #523

Ph. +1 (310) 412 - 8100
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ACPR figures have been character-
ized for single and quad-carrier W-
CDMA signals after linearization (see
Figure 20). The CEiP outphasing PA
achieves 20 W with 61 percent PAE
for a single carrier W-CDMA signal
with a PAR of 7.1 dB. ACPR is better
than 54 dBC. For the quad-carrier (20
MHz) W-CDMA with a PAR of 9.6 dB
11 W is achieved with PAE >53 per-
cent and ACPR close to 48 dBC which
can be improved with advanced DPD.
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ASYMMETRIC MULTILEVEL
OUTPHASING POWER
AMPLIFIER DESIGN

Ray Pengelly
Cree RF Products, Durham, NC

Higher efficiency PAs must be accom-
panied by the wider bandwidth and
high linearity demands of 4G (and
future) wireless signals. To address
this issue, recent startup Eta Devices
Inc. is commercializing a technology
developed at MIT: Asymmetric Multi-
level Outphasing (AMO). AMO com-
bines the high linearity of outphasing
with efficiency-enhancing, multi-lev-
el, discrete switched drain bias. Dis-
crete switched drain biasing is the key
to supporting wide bandwidths while
maintaining high efficiency, and pro-
vides an advantage over traditional
envelope tracking. Figure 21 illus-
trates how AMO achieves efficiency
improvement over outphasing alone.
In any outphasing system, the maxi-
mum efficiency is determined by the
performance of the PAs. In its high pow-
er amplifier designs, Eta Devices uses
GaN HEMT devices from Cree Inc.,
which have demonstrated practical peak
drain efficiencies exceeding 80 percent.
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Fig. 22 The AMO test transmitter block diagram.

AMO Operation

Two well-known methods for
achieving linear amplification with
nonlinear power amplifiers are out-
phasing and envelope tracking (ET).

Outphasing basically uses two
phase modulated amplifiers operating
at constant amplitude. The input sig-
nal is converted to the proper phases
and presented to the amplifiers, with
outputs combined so that reinforce-
ment and cancellation of the phase
components results in a signal that
accurately replicates the input. In
practice, outphasing requires a power
combiner that provides a consistent
load for each PA, isolation between
the amplifiers, and high power han-
dling capability. These characteristics
can be difficult to maintain over wide
bandwidth.

Envelope tracking splits the signal
into separate phase angle and ampli-
tude components. The PA operates in
saturated mode, typically one of the
switching modes such as Class-E, F
or inverse Class-F. Phase modulation
is applied to the RF drive while the
drain voltage is modulated with the
amplitude envelope, thus phase and
amplitude are both restored at the
output. ET, despite its popularity, is
greatly challenged by the increasing
bandwidth requirements of 4G and
WLAN standards. The crux of the
problem is the DC supply modulator,

which must handle a lot of power, be
extremely efficient, be highly linear,
be high resolution, inject very little
noise into the system, and support
wideband modulation.

The design challenges of outphas-
ing and ET are addressed by Asym-
metric Multilevel Outphasing (AMO),
which combines their most desirable
features. The amplitude modulation
of ET is simplified to discrete steps in-
stead of a wide bandwidth, linear ana-
log range. With multiple drain voltage
steps, outphasing then has a series
of smaller operating ranges, which
maintains high PA efficiency while re-
ducing performance demands on the
power combiner.

AMO solutions do require non-tra-
ditional digital predistortion (DPD)
solutions, which are at the core of
Eta Devices’ intellectual property. Al-
though non-traditional, the necessary
computational resources do not dif-
fer from that of traditional DPD, thus
there is no hidden cost associated with
increased digital complexity.

GaN Devices and Transmitter Design

PA performance determines the
maximum system efficiency of out-
phasing, ET and AMO. Presently, the
highest efficiency production devices
are fabricated using GaN processes.
For example, the Cree CGH40010
GaN HEMT devices! used in a pro-
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totype developed at MIT? is speci-
fied at 65 percent (3.6 GHz) and >70
percent (2 GHz) typical efficiency at
its maximum saturated output power.
For AMO application, the PA is de-
signed for good performance over
the range of drain voltages to be de-
livered by the stepped-switching sup-
ply modulator.

A complete AMO transmitter is il-
lustrated in Figure 22. Baseband I
and Q signals are delivered to a DPD
and modulation signal processor imple-
mented with a FPGA. In this evaluation
system, DPD is implemented with a
lookup table constructed from mea-
sured static nonlinearity of the transmit-
ter for the various DC levels at the PA.

Outphasing channel phase modu-
lation data is delivered to digital-to-
analog converters and phase modula-
tors for the two PAs. The stepped am-
plitude modulation data, with coarse
delay correction, drives the supply
modulator circuit. RF preamplifiers
provide the necessary drive levels, and
at the output a combiner sums the PA
outputs into a single RF signal.

Performance Summary

Combining the desired attributes
of outphasing and envelope tracking
achieves much higher performance
than could be obtained with either
method alone. Figure 23 shows effi-
ciency versus bandwidth performance
for the four-level AMO test transmit-
ter. The advantages of the AMO sys-
tem architecture using Class-E GaN
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A Fig. 23 Efficiency versus bandwidth at 2.14 GHz, 100 W peak power, 7 dB PAPR and ACPR
> 45 dBc. Supply modulator losses are included in the efficiency measurement.

PAs, combined with the latest DPD
implementation, deliver an average
modulated drain efficiency of 70 per-
cent at 1 MHz bandwidth, with only
a slight reduction to 68 percent at 20
MHz bandwidth.

While this transmitter has 70 per-
cent modulated drain efficiency at
maximum output power, the perfor-
mance at backoff is arguably more
important. This is because it is normal
to operate well below the maximum
average power. Eta Devices’ system
only loses 10 percent of efficiency for
10 dB backoff from the maximum av-
erage power. For a signal with a 7 dB
PAPR, this is actually a 17 dB backoff
from peak power.

For more information on this tech-
nique, read “GaN Devices and AMO
Technology Enable High Efficiency,
Wide Bandwidth Wireless Transmit-
ters” in the March 2014 issue of Mi-
crowave Journal.
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Most Valuable Product

PXle Performance
Vector Signal Analyzer

Agilent Technologies Inc.
Santa Clara, CA

ireless communications is advancing
at a fast pace, driven by the demand
for higher data rates from an explod-

ing number of users. Whether in commercial
wireless or aerospace/defense applications,
over-crowded frequency spectrum has forced
engineers to resort to more complex signal and
system design to transmit more data, more ef-
ficiently. Agilent Technologies, formed from
Hewlett-Packard and soon to become Keysight
Technologies, has played a critical role in en-
abling this progression through its development
of test and measurement equipment. Since the
invention of the audio oscillator in 1939, the
company has advanced and evolved test and
measurement equipment to meet increasingly
complex engineering demands and is continuing

e _ﬂ!- .E!" (]

g

to do so with the introduction of
the M9393A PXle performance
vector signal analyzer, providing
performance previously unseen
in modular instrumentation.

The M9393A is a vector sig-
nal analyzer in a PXI| form factor
(see Figure I) with frequency up
to 27 GHz and provides speed,
accuracy and modular flexibility
ideal for automated test. The
M9393A’s software enables con-

A Fig. 1 M9393A PXIe performance vector

signal analyzer.

52

sistent, fast, in-band and out-of-
band analysis, covering EVM and

ACLR, as well as harmonic and spurious mea-
surements at speeds never seen before. The
modular architecture of both the hardware and
software are designed to provide an extensible,
scalable solution that can evolve with signal
analysis needs.

COMBINATION OF ACCURACY AND SPEED

With amplitude accuracy of +0.15 dB
and extremely fast frequency and amplitude
switching speeds, the M9393A is specifically
designed to reduce test time, while testing to
the tightest tolerances in design validation and
manufacturing. Using technology developed
by Agilent for solid-state switches and at-
tenuators, the M9393A provides best-in-class
switching speeds with excellent amplitude ac-
curacy, repeatability and reliability. Frequency
synthesis allows the M9393A local oscillator
(LO) to tune from any frequency to any other
frequency in the entire 9 kHz to 27 GHz range
in less than |50 psec, while consistently pro-
viding excellent phase noise. Another unique
Agilent innovation is the RF calibrator circuit
that enables built-in automatic field calibration,
eliminating errors inherent with external ca-
bling, and ensuring excellent repeatability over
time and temperature. The M9393A offers sig-
nificant speed advantages through the absence
of YiG-tuned filters, which further reduces
amplitude errors, and also through solid state
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Most Valuable Product

attenuators, which ensure repeatable measurements with-
out the risk of wearing out.

CLARITY AND CONFIDENCE IN RESULTS

As modulation formats become more complex, and test
suites continue to expand, engineers are faced with the need
to measure more without increasing cost, necessitating both
measurement and development speed. Through a robust
set of drivers and deep programmatic compatibility (includ-
ing SCPI) with familiar X-Series measurement applications
and the 89600 VSA software, the M9393A provides con-
sistent, trusted results to decrease test development time.
In addition to providing fast in-band measurements such as
modulation quality and power, compatibility with the 89600
VSA software’s new stepped spectrum analysis option also
enables high-speed spectrum measurements. By stepping
and stitching together FFTs across the entire frequency
range of the analyzer, the software allows the M9393A to
make traditional in-band measurements of known signals,
and also out-of-band measurements of unwanted signals like
harmonics and spurs. This “sweeping” functionality, along
with the remarkable speed of the M9393A, provides best-
in-class performance.

MODULAR EXTENSIBILITY WITH ROOM TO GROW

The M9393A has been developed to address the test
challenges engineers face today and those they will face
tomorrow. To keep pace with evolving test needs and to
maximize equipment reuse, the M9393A and its software
have been designed to be truly modular, delivering exten-
sibility and scalability in terms of the size of the system
(number of channels) and functionality. Consisting of four
modules spanning five slots, up to four M9393A’s can fit in
a single 18-slot chassis, saving valuable rack and test space.
User upgradeable options allow for fast, easy addition of
capabilities, such as wider bandwidth, increased memory,
and higher frequency range as needed. Access to intermedi-
ate points in the signal path is provided through front panel
ports in order to facilitate incorporation of future modules
or test equipment, taking microwave analysis scalability to
the next level.

EVOLVING HIGH-PERFORMANCE SIGNAL ANALYSIS

The M9393A evolved from the proven designs of some
of Agilent’s best instruments, along with some of Agilent’s
newest innovations in microwave measurement technol-
ogy. The M9393A’s downconverter module incorporates
the circuit design from the front end of the N9030A PXA
signal analyzer. This flagship analyzer has earned respect in
all industries for its accurate results, and its downconvert-
er circuitry is now a core component in the M9393A. The
unique internal calibrator from the Fieldfox handheld net-
work analyzers, designed to hold tight specifications across
all temperatures, has been included as well. With this inter-
nal calibrator, and some added enhancements, the M9393A
contains an extremely stable and repeatable amplitude and
phase reference over the entire operating temperature
range.

RETHINK WHAT’S POSSIBLE

Testing the latest radio formats, the need to meet ever
more stringent system requirements, while facing an in-
creasing number of tests, shorter deadlines and continued
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A Fig. 2 89600 VSA software provides fast spectrum analysis.

support of legacy standards, mean that faster test times and
lower test uncertainty are more critical than ever before
when it comes to meeting throughput and yield demands.
The M9393A is designed to make it possible for engineers
to meet these challenges head-on by incorporating state-of-
the-art technology from across Agilent with the M9393A’s
high-speed PXI backplane, providing the speed and accuracy
you need.

With the fast tuning LO, 160 MHz analysis bandwidth,
and high speed back-end processing, the M9393A allows ex-
tremely fast “sweeps,” across the entire 27 GHz frequency
range, in a fraction of a second. Even with narrow reso-
lution bandwidths, the M9393A’s “sweep” rates of several
hundred GHz per second is the best “speed to dynamic
range” of any PXI analyzer to date. These capabilities en-
able fast search and identification of low level signals over a
broad frequency range, even when those signals are buried
in noise.

As a device moves from design to validation to manu-
facturing, different test tools are required. Because the
M9393A is compatible with Agilent’s proven measurement
science, including SystemVue ESL design software, the pow-
erful 89600 VSA software and X-Series measurement appli-
cations, it provides consistency and confidence in measure-
ment results across benchtop and modular signal analyzers,
throughout the product development lifecycle (see Figure
2). In addition to the extensive feature set, the M9393A
benefits from a three year standard warranty, compliance
with N7800A TME software for calibration and 52 service
centers worldwide, providing Agilent experts to calibrate
and service your product.

THE PERFORMANCE EDGE

The M9393A PXle performance vector signal analyzer
is Agilent’s latest innovation, the evolution of decades of
microwave measurement expertise, now in modular instru-
mentation. Together with Agilent’s trusted measurement
science, the M9393A provides confidence in test results
from R&D to manufacturing to deployment. Core signal-
analysis capabilities, along with hardware speed and accura-
cy, mean that the M9393A PXle performance vector signal
analyzer offers a solution that can be tailored to fit specific
needs—today and tomorrow. Test with the M9393A and
acquire the performance edge in PXI.

)VENDORVIEW

Agilent Technologies Inc.,
Santa Clara, CA,
www.agilent.com.
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= Competitive Pricing & Fast Delivery

e Military Reliability & Qualification
* Various Options: Temperature Compensation,
Input Limiter Protection, Detectors/TTL & More
* Unconditionally Stable (100% tested)

OCTAVE BAND LOW NOISE AMPLIFIERS

Model No. re% 6H2  Gain @) MIN  Noise Figure @)  Power-out@p1d8  3rd Order ICP VSWR
CA01-2110 2 1. ,0.7TY +10 MIN +20dBm  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 2.04.0 29 1.1 MAX, 0.95 TYP +10 MIN +20dBm  2.0:1
CA48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm  2.0:1
(A1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20dBm  2.0:1
(A1826-2110 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

CAO01-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20dBm  2.0:1
CA01-2113 0.8-1.0 28 0.6 MAX, 04TYP +10 MIN +20dBm  2.0:1
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A23-3111 2.2-24 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 27/ =75) 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A34-2110 3.7-42 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA56-3110 54-59 40 1.0 MAX 0.5 TYP +10 MIN +20dBm  2.0:1
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A13153110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm  2.0:1
(A34-6116 Shll 9615 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 +40dBm  2.0:1
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm  2.0:1
CA12137110  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 +40dBm  2.0:1
CA1722-4110  17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Fre(i GHz)  Gain (@) MIN  Noise Flgure @)  Power-out@pid  3rd Order ICP  VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 + +20dBm  2.0:1
CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20dBm  2.0:1
(A0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1
CA02-3112 0.5-2.0 36 4.5 MAX, 2.5 TYP +30 MIN +40dBm  2.0:1
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20dBm  2.0:1
(A26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40 Bm  2.0:1
CA618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33dBm  2.0:1
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 Bm  2.0:1
(A2184116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20dBm  2.0:1
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30dBm  2.0:1
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 Bm  2.0:1
LIMITING AMPLIFIERS

Model No. Freq Gtz  Input Dynamic Range  Output Power Range Psat  Power Flatness dB VSWR
(LA24-4001 2.0-4.0 -28 to +10 dBm +7 fo +11 dBm +/- 2.0:1
(CLA26-8001 2.0-6.0 -50 to +20 dBm +14 to +18 dBm +/-T5MAX  2.01
(LA712-5001  7.0-12.4  -21to+10 dBm +14 to +19 dBm +/-1.5MAX  2.0:1
(lA618-1201  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. Freg (6Hz)  Gain (d8) MIN  Noise Figure (@) ~ Power-out@p1d8 Gain Attenuation Range VSWR
CAQ01-2511A  0.025-0.150 21 5.0 MAX, 3. +1 30 dB MIN 2.0:1
CA05-3110A 0.55.5 8 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 2.5 MAX, 1.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 25 MAX, 1.5TYP  +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, 20 TYP  +18 MIN 20dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS

Model No. Fregi (6Hz)  Gain @) MIN  Noise Figure dB  Power-out@pd8  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1
(A001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23dBm  2.0:1
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:]
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm  2.0:1
(A002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35dBm  2.0:]
(A004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1
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The MoD, the Ministry of Transport and
‘Elbit’ Successfully Completed Series of
Tests on the ‘SkyShield’ System

he Israel Missile Defense Organization (IMDO) in
Tcooperation with the Civil Aviation Authority at the

Ministry of Transport and the project’s main contrac-
tor, Elbit Systems, have successfully completed a series of
tests on the ‘SkyShield’ system that protects passenger air-
craft against shoulder fired artillery.

The ‘SkyShield” system, based on advanced laser tech-
nology that deflects missiles fired at aircraft deviating them
from their trajectory, has been chosen by the Israeli Minis-
try of Transport to protect Israeli airlines planes.

The tests, conducted in a
test range in the south of
Israel, were the most com-
plex and sophisticated ever
held in the State of Israel.
The series of tests included
awide variety of threats that
the SkyShield system would
have to tackle in order to
protect passenger aircraft.

‘SkyShield” is considered the most advanced system of its
kind in the world and is programmed to protect aircraft au-
tomatically. The system, which boasts the highest reliability,
combines advanced detection and deflection technologies
that comply with the most stringent civil aviation regulations.

‘SkyShield’ is
considered.te be the

most advanced system
of its'kind in the
world...

LM Team Surpasses Millionth Hour of In-
Theater Airborne Surveillance

he Lockheed Martin-built and maintained Persistent
TThreat Detection System (PTDS) has surpassed one

million airborne mission hours of providing around-
the-clock, 360-degree monitoring and force protection for
coalition forces in theater. Since 2007, Lockheed Martin
has worked with deployed forces in Iraq and Afghanistan
supporting the tethered aerostat surveillance system for
the U.S. Army.

“PTDS has proven to be a great asset for soldiers, sail-
ors, airmen and marines
as well as our coalition
partners serving in harm’s
way,” said Lt. Col. Michael
Parodi, U.S. Army product
manager Meteorological
and Target Identification
Capabilities. “They have
been instrumental in pro-
viding mission overwatch,
detecting [improvised
explosive devices] and as-

“PTDS has proven

to be a great asset
for soldiersysailors,
airmendand marines
as well as our
coalition partners
serving in harm’s way.’

For More
Information
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Cliff Drubin, Associate Technical Editor
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Source: Lockheed Martin Aerostat. View video with layar app.

sisting in the capture of numerous high value targets and
weapons caches.”

PTDS has proven to be extremely effective in provid-
ing real-time situational awareness to help troops identi-
fy TEDs and other threats, track insurgents and enhance
overall readiness for the men and women in theater. From
building and delivering 66 systems to the Army to pro-
viding ground station operations and manning the aero-
stats in country, the Lockheed Martin team has taken the
warfighter mission as their own.

“Supporting soldiers with the most effective mission
systems is our primary focus every day,” said Mike Oates,
vice president with Lockheed Martin Washington Opera-
tions for Army and Special Operations Force Programs.
“Lockheed Martin is proud of the PTDS system and the
Lockheed employees who served alongside soldiers to per-
form this vital combat surveillance mission.”

With a very large coverage area and capability of re-
maining aloft 24/7 for weeks at a time in extremely chal-
lenging environments, PTDS provides an enduring force
protection capability. Equipped with multiple sensors,
PTDS gathers and distributes intelligence in support of
real-time mission requirements.

Raytheon Continues to Drive GaN Evolution
Through Cutting Edge Innovation

aytheon Co. announced that under the DARPA Microsys-
Htems Technology Office (MTO) Wide Bandgap Semicon-

ductor Program, the company has systematically matured
GaN from basic material to transistors, MMICs, Transmit/Re-
ceive (T/R) Modules and finally Transmit/Receive Integrated
Multichannel Modules (TRIMM), enabling game changing
system performance for the DoD. This is the latest milestone
for Raytheon’s GaN technology which was honored by the Of-
fice of the Secretary of Defense in June for successful comple-
tion of a Defense Production Act Title III Gallium Nitride

Go to mwjournal.com for more defense news items
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DefenseNews

productjon improvement
program, culminating over
a decade of Government
and Raytheon investment in
GaN RF circuit technology.

GaN technology sig-
nificantly extends the warf-
ighter’s capability provid-
ing radar, electronic war-
fare, navigation, and com-
munication systems with
more affordable solutions
and increased capability.
“Raytheon continues to be a driving force in the evolution
of GaN technology and it is exciting to be part of this new
frontier that directly translates to the warfighter,” said Joe
Biondi, vice president of advanced technology for Raythe-

“Through our
partnership with
DARPA we continue

to explore new
ways to leverage
GaN’s limitless
capabilities...”

g‘o‘urce: Raytheon
power of these MMICs enables more affordable sys-
tems with higher capability.

ons Integrated Defense Systems business. “Through our e Completed first ever X-Band GaN T/R module demon-
partnership with ,DAR_PA we continue to egplore new ways strations. This involved extensive, successful design veri-
to leverage GaN .s.hmltless capabilities to increase perfor- fication testing over a range of relevant operating condi-
mance and reliability of defense systems. ) tions demonstrating the maturity of the GaN technology.

R'aytheon, as part of the DARPA MTO Wide B andga}) e Completed first ever X-Band GaN TRIMM demonstra-
Semiconductor Program, with the support O,f a Navy, Air tion which proved GaN in a relevant environment. This
Force .and. Army tgchnology team, has achieved several involved extensive testing in a relevant array environment
first of their kind milestones: ) including a 1,000 hour operating test in a laboratory pilot
* D.emonstrated record setting X-Bapd GaN power am- array and an insertion validation in a production radar,

plifier MMIC performance. The higher efficiency and proving the TRIMM is ready for transition to production.

Check out our 24 x 12 Solid-State
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Did you know
we make great
Switch Matrices?

A Plug n” Play system with an intuitive touch-screen GUI (patent pending)
control interface. Ethernet connectivity and password protected browser
access makes networking easy, secure, and platform independent.

e 6U /17" Deep Rack Mountable
¢ Type N-F RF Inputs & Outputs

® RJ45 Ethernet Connectors

¢ Power <30W @ -48VDC Input

* Frequency: 0.7 to 3.0 GHz

e |solation: >70 dB

o Switches: Hot-Swap / Solid-State
¢ Attenuators: 70 dB (0.5 dB steps)
¢ Operating Power: >1W

* 10.4" Fanless Panel PC
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Custom Microwave Components, Inc.
www.customwave.com
info@customwave.com
Phone: (510) 651-3434
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When interfefénce happens and filtering needs
crash upon yourshores, turn to Reactel’s expertise
and watch your worries drift away with the tide.

Reactel, Incorporated’s line of filters can solve any problem you may encounter.
From initial concept to final design, your trust in our Engineers will be well placed.

Visit our booth at this year’s AUVSI Show in Orlando or IMS in Tampa and we will
demonstrate how easy it is to get high performance filters from a recognized leader in
the industry.

+ DC to 50 GHz

+ Profiles as low as 0.125"
+ Power levels in excess of 20 kW CW
- Filters

+ Multiplexers

» Multifunction Assemblies
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EUROPE’S PREMIER MICROWAVE,
RF, WIRELESS AND RADAR EVENT

EuMW 2014 will be held in the extraordinary and beautiful ‘Eternal City’ of Rome. Bringing
industry, academia and commerce together, European Microwave Week 2014 is a SIX day
event, including THREE cutting edge conferences and ONE exciting trade and technology
exhibition featuring leading players from across the globe. EUMW 2014 will offer you the
unique opportunity to be connected to the future of microwave technology.

The Exhibition (7th - 9th October 2014)

- 8000 sqm of gross exhibition space
’ ’ ® 5,000 key visitors from around the globe

e 1,700 - 2,000 conference delegates
In excess of 250 international exhibitors
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Europe Scores on Innovative but Regional
Differences Persist
According to the European Commission’s Innovation

Union Scoreboard 2014 and the Regional Innova-

tion Scoreboard 2014, Europe is closing its innova-
tion gap with the United States and Japan but differences
in performance between EU Member States are still high
and diminishing only slowly. At a regional level, the inno-
vation gap is widening, with the innovation performance
having worsened in almost one fifth of EU regions.

The overall ranking within the EU remains relatively
stable, with Sweden at the top, followed by Denmark, Ger-
many and Finland — the four countries that invest most in
research and innovation. The countries whose positions
have improved the most are Portugal, Estonia and Lat-
via. Overall progress has been driven by the openness and
attractiveness of the EU research system as well as busi-
ness innovation collaboration and the commercialisation
of knowledge as measured by licence and patent revenues
from abroad. However, growth in public R&D expenditure
was offset by a decline in venture capital investment and
non-R&D innovation in-
vestment in companies.

Commissioner Jo-
hannes Hahn, responsible
for Regional Policy, said:
“We need to turn Europe’s
great ideas into profitable
enterprises that bring jobs
and sustainable growth.
The new EU budget and
the reformed Regional
Policy offer a unique opportunity to foster innovation.
More than 100 billion Euros of investment under Euro-
pean Structural and Investment Funds (ESIF) are going
to be directed at research and innovation, as well as digital
growth, small and medium sized business and developing
green and efficient energy.

“Today’s Scoreboards show that while some regions are
clearly pushing forward, disparities exist. The new Regional
Policy will address this head on: every one of Europe’s 274
regions will have to develop a smart specialization strategy
which will include innovation. Regions will have to build
on their economic strengths and develop innovative ways
to face global competition.”

“We need to_turn

Anglo/French Partnership to Boost Defence

efence and aerospace group NDI is bringing SMEs
from the UK and France together to explore ways of

collaborating. In partnership with the strategy and
business development consultants Vanguard Intelligence,
member organisation NDI is arranging a conference for
SMEs and a range of bigger players from both countries,

For More
Information
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InternationalReport

Richard Mumford, International Editor

along with representatives and agencies from the two gov-
ernments to explore business opportunities.

The conference, France and the UK — Doing Business
Together, is being held at Down Hall Hotel Bishop’s Stort-
ford, Hertfordshire on June 4 and 5. It will bring together
at least 80 SMEs to focus on three increasingly important
industry capability areas —
autonomy, automation and
robotics.

It is intended to mark
the start of an ongoing en-
gagement between compa-
nies in the UK and France,
leveraging the potential of
SMEs, strengthening the UK-France defence and security
relationship and promoting exports success.

The NDI conference will seek to explore ways for busi-
ness on both sides of the channel to capitalise upon the two
countries’ existing alliance and to foster broad-based busi-
ness relationships between SMEs, prime contractors and
government representatives across France and the UK.

The conference will also be relevant to those engaged in
fields such as aerospace, space, transportation, automotive,
marine, medical and energy; specifically to businesses with
capabilities in areas including platform systems, propulsion
and power systems, sensor and intelligence systems, control
and handling systems and navigation and command systems.

Neosat Boosting European
Telecommunications by Satellite

he European Space Agency (ESA) is forging ahead
T with the Neosat next-generation satcom platform,

planning the first flights within five years. The goal
is for European satellite builders to capture at least half of
the world’s satcom market in 2018-2030 through innova-
tion and efficiency, generating €25 billion in sales.

Source: ESA

Go to mwjournal.com for more international news items

61


http://www.mwjournal-digital.com/mwjournal/201404/TrackLink.action?pageName=61&exitLink=http%3A%2F%2Fmwjournal.com

InternationalReport

The contract for Phase-
B, which has been signed
by ESA and prime contrac-
tors Airbus Defence and
Space and Thales Alenia
Space, covers selection of
the equipment suppliers for
the Neosat product lines. The two co-primes will run com-
petitions between equipment suppliers for platform building
blocks, based on an agreed single set of requirements.

The upcoming phase will include concurrent engineer-
ing activities to define the technical baseline of the new
platforms and involve subcontractors in the UK, Sweden,
Switzerland and Luxembourg.

Magali Vaissiere, ESAs Director of Telecommunica-
tions and Integrated Applications commented: “Neosat
will foster the competitiveness of European satellite in-
dustry and strengthen Europe’s position in the core satcom
market for the next decade. This is a unique opportunity
for Europe’s suppliers, as 80 percent of European satellite
platform equipment is procured from within ESA Member
States. This will be worth €7 billion to those suppliers.”

The contract for Phase-B is expected to last around 13
months. The subsequent Phase-C/D will start in 2015 for
the development and manufacture of the first two proto-
type flight platforms, launch in 2018-2019 and in-orbit
demonstration under a public—private partnership to be
established with satellite operators.

ITEA ARTEMIS-IA Vision 2030 Presented to
EU Commissioner

delegation of representatives from ARTEMIS joint
A undertaking and EUREKA Cluster ITEA3 led by

Heinrich Daembkes, president of ARTEMIS and
Rudolf Haggenmiiller, ITEA 3 chairman officially pre-
sented the ITEA ARTEMIS-IA high-level vision 2030:
opportunities for Europe
report to Neelie Kroes,
vice-president of the Eu-
ropean Commission and
commissioner for the Digi-
tal Agenda.

The report estimates
the global market of digi-
tal technology at $3,300
billion, corresponding to
around 50 million jobs. Its
key message is that Euro-
pean industry needs a bal-
anced approach to electronics and software innovation.

The delegation encouraged the commissioner to pro-
mote software innovation with the same passion as elec-
tronics innovation. As a result, it was suggested that a high-
level working session on concrete challenges for Digital
Technology be organised and the list of challenges was
identified.

The delegation

electronics.

TESEQ, IF1 & MILMEGA -

RF, MICROWAVE & TWT EXPERTS
AMPLIFIERS 10 kHz - 40 GHz UP TO 10 kW

Three strong brands joined forces in 2012 under the Teseq umbrella to offer the
industry’s widest product range: Teseq, IFI and Milmega! Our product portfolio
includes Milmega's famous solid state microwave amplifiers, Teseq's rugged Class
A power amplifiers and IFI's high power RF solid state and Tetrode tube amplifiers,
as well as their well-known TWT amplifiers up to 40 GHz. Teseq now covers any
application in the EMC, telecommunications and defense industries. Our strong
global service network with local accredited calibration labs ensures fast turn-
around for calibration and repair. We back our commitment to quality and reliability
with a warranty up to 5 years.

Teseq — IFI — Milmega, the new power amplifier team to remember!

What we offer:

B Amplifiers for EMC, ISM, telecom and defense
B solid-state class A and class AB models

Bl cw, pulsed and combined TWT amplifiers

B Tetrode tube amplifiers

What makes us unique:

B Rugged, reliable design for EMC testing with any load

Il Higher power at lower frequency to compensate for antenna gain
B compact design with modular architecture

B up to 5 years warranty

B Local service through Teseq’s own service organizations

TASEQ

RF/Microwave Amplifiers Advanced Test Solutions for EMC

AMETEK

COMPLIANCE TEST SOLUTIONS

RF/Microwave Amplifiers

Teseq Inc. Edison, NJ USA
T+1732417 0501 www.tesequsa.com
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wn 100 Watt

AMPLIFIERS

W 100kHz 1018GHz 4

45

ea.qty. (1-9)
High-powered performance, across wide frequency ranges.
These class A linear amplifiers have set a standard throughout
the RF & microwave industry. Rugged and reliable, they
feature over-voltage and over-temperature protection,
including the ability to withstand opens and shorts! And
they’re all in stock, whether with a heat sink/fan (for design
labs and test benches), or without (for quick integration
into customer assemblies). Go to minicircuits.com, and it's
easy to select the models that meet your needs, including
new features like TTL-controlled RF output. Place an order
today, and you can have them in your hands as soon as
tomorrow—or if you need a custom model, just give us a call
for an engineer-to-engineer discussion of your requirements!

Model Frequency Gain  Pout @ Comp. $ Price (Qty. 1-9)
(with heat sink/fan*) 1dB 3dB with  without*
(MHz) (dB) (W) (W) heat sink  heat sink
LZY-22+ 0.1-200 43 16 32 1495 1470
ZHL-5W-1 5-500 44 8 11 995 970
® ZHL-100W-GAN+ 20-500 42 79 100 2395 2320
® ZHL-50W-52 50-500 50 40 63 1395 1320
® ZHL-100W-52 50-500 50 63 79 1995 1920
LZY-1+ 20-512 43 37 50 1995 1895
® ZHL-20W-13+ 20-1000 50 13 20 1395 1320
® ZHL-20W-13SW+ 20-1000 50 13 20 1445 1370
LZY-2+ 500-1000 46 32 38 1995 1895
NeW ZHL-100W-13+ 800-1000 50 79 100 2195 2095
ZHL-5W-2G+ 800-2000 45 5 6 995 945
ZHL-10W-2G 800-2000 43 10 13 1295 1220
ZHL-30W-252+ 700-2500 50 25 40 2995 2920
ZHL-30W-262+  2300-2550 50 20 32 1995 1920
ZHL-16W-43+ 1800-4000 45 13 16 1695 1645
ZVE-3W-83+ 2000-8000 36 2 3 1295 1220
ZVE-3W-183+ 5900-18000 35 2 3 1295 1220

Listed performance data typical, see minicircuits.com for more details.

*To order without heat sink, add X suffix to model number (example: L2Y-22X+).

® Protected under U.S. Patent 7,348,854

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003

(718) 934-4500 sales@minicircuits.com
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E thgftfe(% 5’ GNA‘
GENERATORS

To fit your budget.

e
e
- .21995.

Control your test setup via Ethernet or USB with a
synthesized signal generator to meet your needs and fit
your budget! The SSG-6400HS and the new SSG-6000RC
feature both USB and Ethernet connections supporting
HTTP and Telnet communication protocols, giving you more
choices and more freedom. All our models are supplied
with easy-to-install, user-friendly GUI software, DLLs and
programming instructions for 32 and 64 bit Windows® and
Linux® environments. They all provide power sweep and
frequency hopping capabilities and are designed for easy
integration with other test equipment using trigger and
reference ports. All models have built-in automatic
calibration scheduling based on actual usage. Housed

in rugged cases small enough to fit in your laptop case,
these generators are a space efficient solution for almost
any layout! Visit minicircuits.com today to find the right
model for your application!

0.25 to 6400 MHz

Models Available from Stock at Low Prices!

SSG-6400HS $4,995
*® 0.25 to 6400 MHz
® -75to +10 dBm output Pyt
° AM, PM, FM, and pulse modulation
* USB and Ethernet control

NeW
SSG-6000RC $2,795

® 25 to 6000 MHz

® -60 to +10 dBm Pq

® Pulse modulation

* USB and Ethernet control

SSG-6000 $2,695
® 25 to 6000 MHz
® -60 to +10 dBm Pyt
® Pulse modulation
¢ USB control

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003

SSG-4000LH $2,395
® 250 to 4000 MHz
® -60 to +10 dBm Pqt
® Pulse modulation
® Low harmonics (-66 dBc typ.)
* USB control

SSG-4000HP $1,995
® 250 to 4000 MHz
* High power, -50 to +20 dBm Pyt
» Pulse modulation
* USB control

(718) 934-4500 sales@minicircuits.com
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Over 800M Smartphones Using Indoor
Location by 2018

M Beacons are fast becoming the foot soldiers of indoor
location in retail, bringing awareness and adoption, but
it is just one of over 10 indoor location technologies

competing in this $5 billion space. A host of new, higher-

accuracy, “infrastructure-free” technologies are forecast to
change the face of and use case for indoor location in the
future.

In ABI Research’s re-
port “Indoor Location
Technologies,” the evo-
lution of each of these
technologies is consid-
ered.  Senior  analyst

for applications by Patrick  Connolly  said,
“We see huge growth

2018, it will be as for infrastructure-based

; technologies like Wi-Fi
standard as GPS is and iBeacons, with BLE
today.”

deployments forecast to
break 20,000 by 2015,
largely focused on retail. But the arrival of high-accuracy
handset-based technologies like sensor fusion, LED, mag-
netic field and a host of others, will also enable a whole
new set of consumer applications and services around am-
bient intelligence, social networking, corporate/enterprise,
fitness/health, mobile advertising and gaming. With over
800 million smartphones actively using indoor location for
applications by 2018, it will be as standard as GPS is today.”

VP and Practice Director Dominique Bonte added,
“iBeacons and BLE location make indoor easy and cheap,
but that also opens the door to a host of new competitors.
Those at the forefront are already aggressively pursuing
new, sub-meter handset-based technologies. This will give
the edge in both the retail and consumer spaces.”

View video with layar.

“With over 800 million
smartphones actively
using indoor location

DOT to Require V2V Communications on All

Light Vehicles

he U.S. Department of Transportation’s National
THighway Traffic Safety Administration recently an-

nounced that it is going to create a formal path
forward for vehicle-to-vehicle communication for light
vehicles. This means that NTHSA will start regulatory pro-
posals on how this technology could become mandatory in
the future.

Through the technology, vehicles would be able to
talk with each other and exchange information to prevent
crashes and relay basic speed and position information.

“Vehicle-to-vehicle technology represents the next gen-
eration of auto safety improvements, building on the life-
saving achievements we've already seen with safety belts

For More
Information
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CommercialMarket
Cliff Drubin, Associate Technical Editor

and air bags,” says U.S. Transportation Secretary Anthony
Foxx. “By helping drivers avoid crashes, this technology
will play a key role in improving the way people get where
they need to go while ensuring that the U.S. remains the
leader in the global automotive industry.”

The DOT launched a safety pilot for V2V communi-
cations in Ann Arbor, MI, in August 2012 that tied 3,000
vehicles together in the biggest ever road test of the tech-
nology. The agency concluded that safety applications us-
ing the technology can ad-
dress “a large majority of
crashes involving two or
more motor vehicles,” ac-
cording to a press release.

Currently under devel-
opment are applications
that could warn drivers
of imminent crashes, but
that do not intercede by automatically driving the vehicle
out of those situations. NHTSA said in a release, however,
that it is considering more active safety solutions in the fu-
ture that will blend with V2V solutions.

“V2V crash
avoidancetechnology

has‘game-changing
potential...”

Global LTE Subscriptions to Exceed 2B in
2019

WOrldwide LTE-related subscriptions reached 229.7
million in 2013, and will continually grow at a
CAGR of 43.6 percent between 2013 and 2019, to
exceed 2 billion. By the end of 2013, LTE-TDD subscrib-
ers accounted for 5 percent of the LTE market, while 94.2
percent of the LTE market was taken up by LTE-FDD.

“Among the LTE subscription growth, Asia-Pacific
contributes the most with a 49 percent market share. The
second greatest contributor is North America with an 18
percent share,” comments Marina Lu, research associ-
ate at ABI Research. “The large population base in Asia
combined with rapid LTE network deployment and cost-
competitive smartphones has accelerated the remarkable
subscriber adoption.”

All the major mobile operators are showing their com-
mitments to carrier aggregation capable LTE-Advanced
technology, which can better handle the anticipated ex-
plosion in mobile data traffic with greater bandwidth. ABI
Research forecasts that LTE-Advanced subscribers will
grow to 750 million in 2019 accounting for 37.3 percent of
overall LTE subscribers. North America will be the most
aggressive LTE-Advanced market, followed by Asia-Pacific
and Western Europe. “Remarkably, the South Korean Op-
erators, SK Telecom and LG U+, commercially launched
LTE-Advanced networks in June 2013 and by the end of
2013, SK Telecom gained more than 1 million LTE-Ad-
vanced subscribers, which equates to 10 percent of all its
LTE subscribers,” adds Jake Saunders, VP and practice
director.

Go to mwjournal.com for more commercial market news items
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CommercialMarket

90M Wearable Computing Devices Will Be
Shipped in 2014

earable technology will be characterized by the
Wdiversity of products, but only the product cat-

egories with a clear use-case and therefore target
audience will succeed. ABI Research projects the wearable
device sales volumes in 2014 to come from healthcare and
sports and activity trackers. While the commercial launch
of several smart glass products, including Google Glass, will
continue to drive interest in the wearable space, it will not be
a significant commercial success in 2014.

“The next twelve months will be a critical period for the
acceptance and adoption of wearable devices,” says senior
analyst Joshua Flood. “Healthcare and sports and activity
trackers are rapidly becoming mass-market products. On
the flipside, wearable devices like smart watches need to
overcome some critical
obstacles. Aesthetic de-
sign, more compelling
use cases, battery life and
lower price points are the
main inhibitors. How ven-
dors approach these chal-
lenges and their respec-
tive solutions will affect
the wearable market far in
the future.”

“The next twelve
months will.be a
critical period for

the acceptance and
adoption of wearable
devices...”
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Q Power Dividers, DC-60 GHz

Hybrids, to 40 GHz
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Global Wearable Computing Devices
World Market, Forecast: 2013-2019

M Smart Watches

Wearable 3D
Motion Trackers

I [ Sports/Activity Trackers
W Healthcare
Il Smart Glasses

Smart Clothing
[l Wearable Cameras

Millions

2013 2014 2015 2016 2017 2018 2019
Year
Source: ABI Research

Chipset vendors are beginning to pave the way with in-
teresting wearable reference designs that will allow non-
technology OEMs and brands to quickly jump upon the
wearable device bandwagon and bring diverse, innovative,
unique, and stylish solutions.

MICROWAVE CORFORATION

Directional Couplers
Single and Dual, to 60 GHz

Hiah Power, to 2500 watt

Switches, to 18 GHz
SPIT-SPBT
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Cooler.

Tougher.

More Oomph.

It's what performance
leaders are made of.

As the market leader and pioneer in the world of RF power, we never
stop innovating to simplify your design process and speed you to
market. Our plastic RF power products stand out with unmatched
thermal performance and maximum output power. Our GaAs MMICs
offer unique features that enable a step function in performance for
small cells and macro base stations. Whatever your RF needs,
wherever you are in the world, make it better with us.

Learn more at freescale.com/RF
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Aroundthe Circuit
' Laura Glazer, Staff Editor
MERGERS & ACQUISITIONS

RF Micro Devices Inc. and TriQuint Semiconductor
Inc. announced a definitive merger agreement under
which the companies will combine in an all-stock transac-
tion. To reflect the nature of this transaction as a merger of
equals, the new company will have a new name and shared
leadership team. The boards of directors of both REMD
and TriQuint have unanimously approved the transaction.
The merger will create new growth opportunities in three
large global markets — mobile devices, network infrastruc-
ture and aerospace/defense.

M/A-COM Technology Solutions Inc. announced that
it has acquired Nitronex LLC, a leader in the design and
manufacture of GaN based RF solutions, for approximately
$26 million in cash. The acquisition of Nitronex is expected
to provide MACOM with fundamental and innovative GaN-
on-Silicon epitaxial and pendeoepitaxial semiconductor pro-
cess technology and materials for use in RF applications.

AMETEK Inc. has acquired VTI Instruments, a leading
manufacturer of high-precision test and measurement
instrumentation, for $74 million. VTI, acquired from an
investor group led by Merit Capital Partners and Alerion
Capital Group, has annual sales of approximately $38 mil-
lion. Its headquarters is in Irvine, CA and it has additional
facilities in Cleveland, OH and Bangalore, India.

Aeroflex Holding Corp. announced the acquisition of
Shenick Network Systems, a leading edge provider of
virtual testing for next generation software defined net-
working. Aeroflex expects the acquisition to be neutral
to its fiscal 2014 financial results and accretive to its fiscal
2015 financial results.

COLLABORATIONS

Saab and the Kalyani Group, one of Indias leading high-
technology multinationals, have entered into a strategic al-
liance to partner and address key Indian Army air defence
projects, including the VSHORAD and SRSAM require-
ments. The teaming combines Saab’s many decades as a
leading developer and supplier of proven high-technol-
ogy radar and missile systems, with the rich engineering
and manufacturing capabilities of Kalyani. Saab is offer-
ing a system based on the RBS 70 NG missile system for
VSHORAD, while for the SRSAM requirement the com-
pany is offering a unique combination of its Giraffe AMB
3-D radar and the BAMSE advanced ground based air de-
fence missile system.

Texas Instruments (T1) and Nokia Solutions and Networks
(NSN) announced their collaboration on NSN’s next genera-
tion of indoor small cell base stations. Based on NSN’s Flexi
Zone suite of products, the new indoor small cell base stations
are expected to support a record 400 active indoor users, com-

For More
Information
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pared to 32 users supported today, in a power over Ethernet
envelope. Furthermore, by utilizing TI's KeyStone SoCs to
power the next generation indoor FlexiZone small cells, NSN
is able to offer a macro parity leading solution.

MIMOtech, a specialist in high capacity point-to-point
radios, has announced a strategic partnership with CSG
Science & Technology Co. Ltd. (CSG Hefei), under
which CSG Hefei has acquired an undisclosed amount of
MIMOtech’s share capital. CSG Hefei is a supplier of inte-
grated access devices for last-mile bandwidth via fiber and
copper. The two companies will collaborate on marketing
the MIMOtech range of ultra high capacity packet radios
for last mile backhaul.

Gowanda Electronics, a designer and manufacturer of
precision electronic components and inductors for power,
RF, and high frequency applications, is teaming up with its
recently acquired sister company, TTE Inc., to provide a
broader range of electronic components to the global de-
sign engineering community. TTE Inc. designs and manu-
factures RF and microwave filters for critical markets in-
cluding defense and test & measurement.

MIMOon GmbH, an LTE software vendor for small cells
and terminals, and NuRAN Wireless, a supplier of mo-
bile and broadband wireless solutions, have announced
a cooperation to deliver LTE small cell base stations.
NuRAN Wireless is developing an LTE base station which
integrates MIMOon’s physical layer, protocol stack and
advanced scheduler software products, which have been
licensed by leading small cell product developers around
the globe. MIMOon is the only software vendor to offer
complete LTE software from physical layer to protocol
stack for both base stations as well as for terminals.

NEW STARTS

National Instruments announced that it is the first
vendor to execute a Manufacturing Test License (MTL)
agreement with Broadcom Corp. The MTL agreement
authorizes NI to provide manufacturing test solutions and
modifiable application source code to Broadcom® wireless
LAN and Bluetooth device customers. The Broadcom®
MTL agreement is a new license and validation program,
providing test equipment vendors, such as NI, with access
to Broadcom WLAN and Bluetooth software tools and
Broadcom technical support resources. The program is de-
signed to provide Broadcom OEM customers with validat-
ed test systems that reduce time-to-market and improve
manufacturing efficiency and product quality.

TEGAM Inc. was recently awarded Patent No. 8,610,069,
“Coaxial to Dual Co-Planar Waveguide Launcher for
Microwave Bolometry.” This patent describes a new way to
construct bolometers—a type of microwave power sensor
that uses thermistors—that makes them more accurate and
easier to assemble. Specifically, the patent describes a sensor
with a dual-coplanar sensor architecture that launches a mi-
crowave signal from coaxial airline to a unique arrangement
of coplanar waveguides, arranged symmetrically on both sides
of a thin dielectric substrate. The characteristic impedance

For up-to-date news briefs, visit mwjournal.com
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Aroundthe Circuit

of the top and bottom coplanar waveguides is approximately
twice the characteristic impedance of the coaxial airline, so
the parallel combination of the two coplanar waveguides is
the characteristic impedance of the coaxial airline.

Nutagq created a separate entity for its line of wireless end
products, named NuRAN Wireless. Nutaq decided to create
a separate entity which will be focused entirely on deliver-
ing best-in-class small cells wireless solutions to its customer
base, which ranges from small private network operators to
major Tier-1 mobile network operators. The increased focus
will also accelerate the company’s developments relative to
LTE and TV White Space, for which trials are ongoing un-
der experimental license from Industry Canada.

Gilomen Consulting is offering its services to maximizing
trade show and event marketing success to increase sales
for RF and microwave companies. Gilomen Consulting
serves domestic and international clients with complete
event program management and logistical support.

ACHIEVEMENTS

ThinKom Solutions announced that the ultra-low profile
ThinSAT® 300 antenna has been successfully flight tested
onboard Northrop Grumman’s demonstrator aircraft, the
Firebird. The antenna system was used to support intel-
ligence, surveillance and reconnaissance (ISR) SATCOM
mission capabilities while experiencing 2.5¢ maneuvers over
the Mojave Desert. This demonstration proves that small ul-
tra-low profile antenna systems can provide high quality sen-
sor data through a commercial Ku-Band satellite network.

The European Space Agency (ESA) has announced that
the in-orbit validation of Galileo has been achieved: Europe
now has the operational nucleus of its own satellite naviga-
tion constellation in place — the world’s first civil-owned
and operated satnav system. In 2011 and 2012 the first
four satellites were launched into orbit. In the following
year, these satellites were combined with a growing global
ground infrastructure to allow the project to undergo its
crucial In-Orbit Validation (IOV) phase.

Exelis has successfully installed the latest operational
software and certified mission data files for Exelis-built
Advanced Integrated Defensive Electronic Warfare Suite
(AIDEWS) systems in Chile, Oman, Poland, Pakistan and
Turkey. AIDEWS is an EW self-protection system that
shields F-16 fighter aircraft from advanced radio frequen-
cy threats. Exelis has provided AIDEWS systems, com-
ponents and operational software to the five countries as
part of a foreign military sales program conducted through
Warner Robins Air Force Base.

CONTRACTS

Raytheon Co. has received a $655 million contract for
new-production fire units of the combat-proven Patriot Air
and Missile Defense System for Kuwait. These units are an
addition to the Patriot fire units Kuwait currently owns to
counter current and evolving threats. Awarded by the U.S.
Army Aviation and Missile Command, Redstone Arsenal,

70

AL, as a Foreign Military Sale agreement, the contract
includes new Patriot fire units with increased computing
power and radar processing efficiency, improved man-ma-
chine interface and reduced life-cycle costs.

Mercury Systems Inc. announced it received an $11 mil-
lion follow-on order from a leading defense prime contrac-
tor for high performance microwave subsystems for an
electronic warfare application. The orders were received in
Mercury’s fiscal 2014 second quarter, with deliveries cur-
rently expected to span 2015 through 2018.

Comtech Telecommunications Corp. announced that
its Santa Clara, CA-based subsidiary Comtech Xicom
Technology Inc. has been awarded a contract totaling $1.4
million from a major system integrator to supply rack-
mount, high-power amplifiers (HPA). The HPAs will be
used in an expansion of a system that relays military satel-
lite communications around the world and that is already
using similar Comtech Xicom HPAs.

Airbus Defence and Space has won a contract with SES,
one of the worlds leading satellite operators, for the design
and construction of the latest addition to its fleet, the SES-10.
The new satellite will be based on the ultra-reliable Eurostar
E3000 platform and stationed over Latin America. SES-10
will be placed in geostationary orbit at 67° West, where it
will provide SES with additional capacity for direct-to-home
TV broadcasting and other telecommunication services for
Mexico, Caribbean, Central America and South America. It
will carry a payload of 50 high-power Ku-Band transponders.

Selex ES has been awarded a contract by the Austrian
Ministry of Defence (Bundesministerium fiir
Landesverteidigung und Sport — BMLVS), to provide a
RAT31DI/M deployable air defence radar system and the
relevant logistic support, with the contract including an
option for a further radar system of the same kind. The
system will enter operation in 2016. The RAT31DIL/M
system that is going to be provided will also include a 15
m high transportable and self-mounting tower. The new
system will refresh Austria’s fleet of existing radars which
were provided by Selex ES during the 1980s, the company
supplying five RAT 31 S medium range radars.

Anite has been selected to supply additional device testing
systems to a major Chinese mobile operator for its TD-
LTE device acceptance programme. The selection follows
several years of close collaboration between the two parties
and is a direct result of Anite’s leading coverage of Global
TD-LTE Initiative (GTI) validated TD-LTE network sim-
ulator interoperability test scripts.

PEOPLE

Southwest Microwave is pleased to announce the ap-
pointment of Donald Bradfield as the new general man-
ager for its Microwave Products Division. Bradfield joined
Southwest Microwave after more than 30 years of design
engineering and operations management of microwave
components for the military/aerospace/hi-rel industries.
Based at the company’s Tempe, AZ facility, Bradfield will
assume management of operations as well as oversee sales
and business development activities for the Southwest
Microwave’s high performance connector products.
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The next generation air and missile defense radars
demand effectiveness, reliability, power efficiency and
affordability. You can count on CTT's twenty-five years of
experience in microwave amplification and subsystem
integration to meet these demands.

(TT offers not only form, fit, function of microwave
amplifier replacements for many mature systems, but also
incorporates leading-edge technology components such as
GaN and GaAs.

(TT has delivered production quantities of amplifiers
with power levels of 10, 20, 40, 80, and 100 Watts — and
higher — for a variety of radar applications.

(TT is well positioned to offer engineering and
production technology solutions — including high-rel
manufacturing — to infuse new technology into legacy
systems for improved reliability and life cycle costs.

 AMDR-X Radar e Shipboard Radar
o VLO/FLO Threats @ New Land Radar

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

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

Microwave Technology Leadership
< Power Amplifiers
* Radar Bands up to 400W
® Pulse and (W
o NEW Rack-Mount Configurations
® NEW GaN and GaAs Models

% Low-Noise Amplifiers

<+ Up and Downconverters

% Subsystems

«% Contract Manufacturing

< Custom Engineered Options

USA-based thin-film
microwave production
facility

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

Hesse GmbH announced that Jiro
Hashizume recently joined the compa-
ny to head up its new subsidiary, Hesse
Mechatronics Japan Co. Ltd. Hashizume
has 17 years of experience in technical
support, software design and sales man-
agement in the semiconductor equip-
ment industry. For the past five years he
served as territory manager for ]apan
and Korea for Kulicke & Soffa Industries
Inc. (K&S), where he gained extensive understanding of
pre- and post-sales technical support, marketing and sales
strategies to grow wire bonding equipment sales. Prior to his
time at K&S, Hashizume worked for Orthodyne Electronics
as senior field applications engineer.

A Jiro Hashizume

RFMW Ltd. announced that Tom
Butler has joined the organization as di-
rector of sales for North America. Butler
has served in senior management posi-
tions where he has directed sales at lo-
cal, national and international levels.
With a successful track record at compa-
nies such as Crescend Technologies,
A Tom Butler TriQuint and RFMD, Butler brings a
fresh approach to sales and market devel-
opment for REMW: highly qualified, technical sales organi-
zation. Butler graduated with a Bachelor of Science degree in
electrical engineering from the University of Connecticut.

Diamond Antenna and Microwave Corp. announced
that David O. Thomas has been named business devel-
opment manager. He will be responsible for expanding
opportunities at key U.S. accounts and developing mar-
kets in key Asian and South American countries. Thomas
has more than 25 years selling and marketing microwave
components, subsystems and systems into both the military
and commercial markets. For the better part of the last
20 years, he has been selling microwave radio systems and
subsystems (both portable and fixed) and satellite systems
into the military, police and security markets as well as into
the TV broadcast market.

Radio Frequency Systems (RFS) announced that wire-
less industry veteran and long-time RFS team member Al
Filoreto has been promoted to eastern regional sales man-
ager. In his new role, Filoreto’s top priorities are to widen
and diversify the company’s customer base and to increase
RFS’ brand name recognition in the market. Filoreto has
held positions in the wireless industry for more than 25
years and served in various sales roles at RFS since 2006,
when he joined the company as a district sales manager.
Before joining RFS, Filoreto worked for Motorola, Hutton
Communications and American Tower.

San-tron Inc. has announced that they have rehired
Vincent Caputo as senior product line manager for cable
assemblies. Caputo brings over 16 years of RF/microwave
experience to the position and first came to San-tron as a
sales associate in 2004, and more recently served as eastern
regional sales manager.
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High stability miniature 0CX0s
with very low power consumption

For more than 13 years Magic Xtal Ltd. develops and produces high stability Oven Control
Crystal Oscillators (OCXO) built on the Internally Heated Resonators (IHR).

The outcome of the many year efforts is a family of extraordinary OCXO products
combining superb frequency stability and low phase-noise level with very small sizes,
below 150 mW power consumption and down to 15 s warm-up time.

DILS & DIL14 compatible 0CX0s 8 MHz to 300 MHz
a Stabilityin ~ Aging per Phase-noise, dBc/Hz
(-40+85)°C  day year 10Hz 1kHz 100 kHz
15x15x9 mm 5y
m 5E-9 2E-10 2E-8 -135  -165 -170

s 20x15x7.9 mm
- - 3E-8 3E-9  3E-7 -95 | -155 -173

20x15x9 mm
Ultra high stability 0CXO0s 5 MHz to 300 MHz

Stability in Aging per Allan Var. Phase-noise, dBc/Hz 0
(-40+85)°C  day  year  atls THz 1kHz 100kHz NEW.

5E-10 2E-10 3E-8 3E-12 -103 ~ -165 -170 W

20x20x12.8 mm

2E-9 5E-10 @ 5E-8 TE-11 -70 -140 -150
High shock resistant 0CX0s 8 MHz to 300 MHz
b — b Mechanical ~ Stability in Aging per
|' ] i ShOCk (—40+85)0C day year
| |
I
15x15x10 mm 20x15x10 mm 5009 1E-8 5E-10 5E-8

All the OCXOs operate at 3.3V and 5.0 V supply with sine-wave or CMOS output.

mxl@mxtal.ru
www.magicxtal.com

Magic Xtal Ltd.
O O E% Only Magic Technologies!
[m] wck-3
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CALL FOR BOOK AUTHORS

You can enhance your professional prestige and
earn substantial royalties by writing a book. With
over 1,500 titles published, Artech House is a leading
publisher of professional-level books in microwave,
radar, communications and related subjects. We

are seeking to publish new microwave engineering
books and software in areas such as microwave
and RF device design, wireless communications, ad-
vanced radar and antenna design, electromagnetic
analysis, RF MEMS, sensors, and more.

We are currently seeking potential authors among
engineers and managers who believe that they can
make a contribution to the literature in their areas
of expertise. If you have published technical papers,
conducted professional seminars or solved impor-
tant real-world problems, then you are an excellent
candidate for authorship.

We invite you to submit your manuscript or software
proposal for review. For a complete publications
catalog and Author’s Questionnaire please contact:

Mark Walsh, Senior Editor
1-800-225-9977
mwalsh@artechhouse.com

Artech House, Inc.
685 Canton St.
Norwood, MA 02062

'\ ARTECH HOUSE

4
‘ www.artechhouse.com

Aroundthe Circuit

Indium Corp. an-
nounces that Tim
Jensen has been
named the senior
product manager for
engineered  solders
and Glen Thomas
has been named
A GlenThomas hroduct manager for
PCB assembly solder paste. Jensen is responsible for the
overall success of the product line, including sales volume,
profitability, the range of products, and Indium Corp.’s
strategic approach to the market. Thomas is responsible
for managing the company’s entire line of solder paste ma-
terials for PCB assembly.

A Tim Jensen

OBITUARY

Michael Lally passed away on January
26, 2014 at the age of 52. Mike was
most recently a staff software engineer
with RF Micro Devices in Billerica,
MA. He specialized in devel-
oping software for RF and
microwave engineering test
systems and had a capacity for under-
standing much more than just test requirements. In a
career in the microwave industry spanning over three de-
cades, he also worked at M/A-COM, Raytheon’s Research
Division and Advanced Device Center, and ATN
Microwave. He earned his BS from UMass-Amherst and
his MS degree from Boston University.

A Michael Lally

REP APPOINTMENTS

Emerson Network Power announces Con-Tek
Marketing (CTM) will represent Emerson Connectivity
Solutions” Midwest Microwave and Semflex product lines
in UT, WY and CO.

Res-Net Microwave Inc. has appointed Youngewirth
and Olenick Associates as sales representative firm in
Southern CA and NV,

TEGAM signed an agreement with AR Europe so that
TEGAM RF instrumentation will be available from
Amplifier Research subsidiaries throughout Europe.

PLACES

COMSOL Inc. announced the opening of a new office in
Curitiba, Parand to provide multiphysics simulation and
analysis software for the Brazilian market.

Computer Simulation Technology (CST), Darmstadt,
announces a new office in Warsaw, Poland, strengthen-
ing the sales and support channels for its electromagnetic
(EM) simulation tools in the Baltic region.
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PRECISION
ATTENUATORS

2Wio 100W

e
50W & 100W
models

NOW from Dc upio 40 G"Z from$2 9 e9a.5(1-49)

Customers trust Mini-Circuits BW-family precision fixed attenuators for accuracy,
reliability, and repeatability. Now, we’ve expanded your choices to cover DC - 40 GHZz!
With accurate attenuation from 1 to 50 dB and power handling from 2 up to 100W,
these attenuators now bring the same performance you’ve come to count on to

even more applications!

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

[ JMini-Circuits’

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

Cost Effective 3D Glass
Microfabrication for
Advanced RF Packages

J.H. Flemming, R. Cook, S. Sibbet, C.F. Schmidt, K. Dunn and J. Gouker

3D Glass Solutions Inc., Albuquerque, NM

Microfabrication of glass micro-devices and circuits has been historically
difficult at the part level, let alone in a high volume manufacturing (HVM)
environment, due to low throughput, limited precision and accuracy, and

reduced reliability, as well as limited process and design capabilities. A new

photo-definable glass ceramic material has been developed that is processed in

a three-step batch process enabling an HVM solution for glass microfabrication.
Since the technology is based on a lithographic process, many design and process
capabilities not typically associated with glass microfabrication are now possible,

such as through glass vias (TGV) for I/Os, complex inductor line structures,

high Q-factor architectures, and antenna air bridges on a single electrical
substrate. The material’s fine surface finish also enables an MCM capability with
fully integrated thin film passive components such as resistors, capacitors and

inductors.

lass materials have many ideal proper-
‘ ties for RF and microwave electronic

packaging, including high strength,
smooth surfaces for efficient signal distribution
and excellent electrical characteristics; howev-
er, traditional glass manufacturing techniques
(e.g., deep reactive-ion etching [DRIE], sand
blasting and laser processing) suffer from low
throughput, low yield, limited precision and
accuracy and limited design capabilities. This
prevents even the most basic packaging fea-
tures like through glass vias (TGV) from being
used in high volume applications.
For these reasons, most RF

76

TABLE | and microwave electronic pack-

SUMMARY OF RELEVANT RF MATERIAL | ages are produced using materi-
CONSTANTS als such as laminates and solid

Youngs Modulus S1Gpa | ceramics. Thes§ are unsuitable
- — - for many applications, howev-
Electrical Resistivity I017Q | er, because circuit integration
Coefficient of Thermal 10 ppm/K | is constrained by flatness and
Expansion warpage limitations; the inability
Loss Tangent (3.3 GHz) 0.0086 | to produce large scale through-
Loss Tangent (10.2 GHz) 00106 | Substrate vias results in long
— . interconnection paths between
Dielectric Constant (3.3 GHz) 6.58 1/Os: high surface roughness
Dielectric Constant (10.2 GHz) |  6.575 prevents the use of small metal

line widths; and many of these materials, such
as alumina, are expensive to use and process.

With the newly developed APEX® Glass
process, features such as TGVs, trenches and
embedded microstructures (e.g., inductors and
antennas) may be simultaneously microfab-
ricated using a precise, rapid and cost effec-
tive batch manufacturing process. The ability
to produce electronic packages that integrate
these types of structures enables many types of
packaging architectures across military, com-
munications and portable consumer electron-
ics industries.

PROCESSING APPROACH

APEX Glass is a photosensitive glass-ce-
ramic material capable of existing in both an
amorphous glass state and a crystallized ceram-
ic state. Leveraging the differences between
these states allows designers to produce RF
and microwave electronic structures not com-
monly associated with glass processing. Table
1 lists several of its material characteristics.

The material is batch processed in three steps
(see Figure 1). First, a chrome-on-quartz mask
is placed directly onto the glass wafer, without
photoresist, and exposed to 310 nm light. During

MICROWAVE JOURNAL m APRIL 2014



Millimeter Wave
Intermodulation | Distortion (IMD)*
for Amplifier Test (50 to 110 GHz)

) i

L=
] =
| B
J ]
]
o

See us at Bootll

o
\.
“

Wit_h a single measure S-parameters,
Gain Compression and-intemmedultation Distortion (IMD).

Learn more at www. mIincrcom/fi d/iimd |

Innovation in Millimeter Wave Solutions _
www.omlinc.com O M L

(408) 779-2698



http://www.mwjournal-digital.com/mwjournal/201404/TrackLink.action?pageName=77&exitLink=http%3A%2F%2Fwww.omlinc.com%2Ffind%2Fimd
http://www.mwjournal-digital.com/mwjournal/201404/TrackLink.action?pageName=77&exitLink=http%3A%2F%2Fwww.omlinc.com

SpecialReport

this step, photo-activators in the glass
become chemically reduced.

In the second step, the wafer is
baked. The temperature is initially
raised to a level that allows the photo-
activators to migrate together forming
nano-clusters and is then ramped up
to a second level to facilitate coales-
cence of ceramic-forming ions around
the nano-clusters. During this phase
of the baking process, any previously
exposed regions are converted into a
ceramic state, where increased levels

of exposure lead to more complete ce-
ramic formation.

In the final step, the wafer is etched
in a dilute hydrofluoric acid solution
(e.g., 10 percent), etching the ceramic
state 60 times more preferentially than
the glass state. In this manner, a wide
variety of features, such as posts, wells,
TGVs, trenches, blind vias and air
bridges may be produced. The desired
structure depth, or the amount of un-
dercutting, is controlled by etch con-
centration, processing duration, bath
temperature and

TYPICAL PROCESSING CAPABILITIES AND TOLERANCES

e etching direction.
) ) The lithography-
\,"f: based  patterning
e : process  produces
Mk Gompme | Bheto  Echawm  Fmiewt | gccurate and pre-
cise manufacturing
A Fig. 1 APEX® Glass processing steps. features (see Table
2). For example,
TGVs as small as 30
TABLE Il microns in diameter

at pitches as small
as 1.5 times the

Performance Metric Sta‘n‘d arc_i Standard TGV diameter may
Specification Tolerance .

Ee— - be produced with
Material Thickness 100 to 1000 pm + 15 microns micron-scale fea-
Surface Finish 10 to 250 nm Ra +10% tures and positional
TGV Diameter >30 microns + 10% accuracCy on the pro-
TGV Aspect Ratio 10:1 N/A duction  substrate.
(TGV Diameter: Figure 2a shows an
Wafer Thickness) array of 60-micron
TGV Pitch 1.5 times TGV N/A diameter TGVs at
diameter a pitch of 150-mi-

TGV Accuracy 5 microns + 5 microns crons. The differ-
(across 150 mm) ences between glass

and ceramic etch

selectivities enable the production of
anisotropic etch profiles greater than
10:1 (TGV diameter: material thick-
ness) as shown in Figure 2b. These
anisotropic profiles allow for the ef-
ficient packing of electronic I/Os
enabling densely packed TGV array
(e.g., wide I/O) architectures. Figure
2c¢ shows a cross-section of a fully cop-
per plated TGV array.

Similar to other commercially
available glass materials, its surface
finish facilitates a number of surface
modifications such as thin and thick
film metallizations. A surface rough-
ness of less than 40 nm is common for
most RF and microwave applications
and enables the production of sub-10
micron wide line widths for redistri-
bution. Figure 3a, for example, shows
a redistribution layer of 10-micron
lines on 20-micron pitch connecting
to 50-micron TGVs. Furthermore,
the fine surface finish of the material
enables MCM capability with fully in-
tegrated thin film passive components
such as resistors, capacitors and induc-
tors. Figure 3b shows that thick layers
(>10 microns) of copper and other
metals may be electroplated onto the
surface. Figure 3¢ shows a millimeter
wave electronic circuit with 35-mi-
cron critical dimensions, demonstrat-
ing that the adhesion between electro-
plated metal and the glass surface is
strong enough to withstand additional
downstream processing such as post-
electroplating wet etching to create
air bridge architectures.

78
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ADVANCED RF DESIGNS

The process enables complex RF
electronics not typically associated
with glass materials. In many appli-
cations, high Q-factor architectures
are necessary for efficient, low power
communications. For these applica-
tions, it offers several degrees-of-
freedom in design and production.
Figure 4 shows a high Q-factor mil-
limeter-wave structure that consists
of 120-micron wide, 6-micron thick,
copper lines resting on 20-micron
wide glass rails, with 25-micron wide
copper lines free floating 100 microns
above the underlying glass material.
The entire circuit is surrounded by
solid copper EMI features, grounded
on the backside.

The package demonstrates three
key design features:

Glass rails support surface metalliza-
tion by providing rigidity for the metal
lines to rest on while removing the ma-
jority of underlying glass material, en-
abling the metal lines to be surrounded
by air. Support rails may be produced
in a number of geometries, however,
the central line architecture is the most
common. Rails ranging from 10 to 100
microns have been demonstrated.

Air bridges of surface metal lines
are used in a number of RF architec-
tures. Air bridges of metal lines rang-
ing from 10 to 1000 microns have been
demonstrated. Air bridges may exist
as undercut surface metal lines with
the glass 150-microns below the metal
line, or they may consist of free-float-

80

ing metal lines spanning millimeters of
space where no glass exist below the
metallization.

e —

(e}

A Fig. 2 TGV array (a), 200-micron diameter
TGVs demonstrating anisotropic etch (b), cross-
section of 75-micron diameter, 800-micron thick
copper plated (lighter color) TGVs (c).

A Fig. 3 Redistribution layer (a), 15-micron
thick electroplated copper features (b), millimeter
wave circuit with 35-micron air bridges (c).

NOISE AND GAIN
TEST EXTENDERS

UP TO 140 GHz

ST senes full band notse figure and gain test extenders are offered to
axiend the noise and gain measurement capacity to the frequency range of
5 fo 140 GHz in seven waveguide bands. These extenders are designed to
srface with industry standard nolsal/gain lest systems, such as

Aghent BSTOAE or to any noiselgain analyzers with an
Input frequency in the range of 10 MHz to 1.6 GHz capacity.

i
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In-Chip EMI shielding structures,
such as the through glass copper pillars
may be built into almost any applica-
tion to minimize unwanted RF radia-
tion. EMI features are produced in a
similar manner as TGVs for I/Os, how-
ever, whereas I/Os are typically round
and used to connect the top of the sub-
strate to the bottom of the substrate,
EMI features may take on a variety of
shapes and sizes, as shown in Figure
3c, and are all grounded together on
the bottom of the substrate. In Figure
4, 30-micron wide, 120-micron long
(4:1, length: width ratio), solid copper
EMI features are shown. EMI features
with aspect ratios up to 8:1 may be pro-
duced in almost any RF circuit.

PROCESS FLOW
The example shown in Figure 4 is

manufactured using the following stan-

dard wafer-level semiconductor process.

e Exposure using a 500 W OAI flood
exposure tool with 300 to 320 nm
narrow pass mirrors is performed
at a power density of 20 mW/cm?.
A chrome-on-quartz lithography
mask is used during the contact
exposure, with no photoresist. Ex-
posure of the glass includes all fea-
tures to be etched, including TGVs
for 1/Os, TGVs for EMI shielding
and regions to etch for undercut-
ting of metal lines.

e The wafer is baked at 500°C for 75
minutes at a ramp rate of 6°C per
minute and then at 575°C for 75
minutes at a ramp rate of 3°C per
minute, converting all of the previ-

EMI shielding copper filled TGV

120 micron wide
glass supported line

25 pm wide, 6 pm thick
free floating metal line

20 micron wide glass rail

120 micron wide
glass supported line

A Fig. 4 High Q-factor millimeter-wave circuit surrounded by solid copper EMI features

grounded on the backside.

ously exposed regions to ceramic.

* A chrome hard mask is applied to all
ceramic features on both sides of the
wafer except /O and EMI shielding
TGVs. All TGVs are double sided
etched in 10 percent HF acid.

e All TGVs for I/0Os and EMI shield-
ing are copper filled using standard
electrolytic copper filling tech-
niques. Copper plating overbur-
den is mechanically polished using
standard techniques.

* Surface metal structures are pat-
terned using standard photolithog-
raphy techniques. Briefly, a thin
seed layer of copper is blanket
deposited onto the surface of the
wafer. Photoresist is applied to the
wafer and patterned to the exact
locations to represent the surface
metal. Open metal features are
electroplated with copper to a fi-
nal thickness of 6-microns. Next,
the photoresist is stripped and the
unplated seed layer chemically

Unmatched Service & Support for

Equipment of ALL Generations
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%

removed exposing the underlying
glass or ceramic material.

e The wafer is placed into a 5 percent
HF acid and etched for approxi-
mately 15 minutes to form glass
rails and air bridges, etching the ce-
ramic at approximately 10-microns
per minute. The desired depth of
the etched relief is controlled by
controlling the total etch time.

CONCLUSION

APEX Glass is a flexible and cost
effective substrate for a number of
RF and microwave applications by
providing a material for batch manu-
facturing of wafer-level components
with simple processing and low pro-
duction costs. This new manufactur-
ing approach enables fabrication of
very complex RF electronics not typi-
cally associated with glass processes.
These devices may include TGVs, air
bridges, EMI shielding and glass sup-
port rails with small dimensions. H

Your Sole Source
for Electronic Test
and Measurement

Sales | Repair | Calibration | Rental
Leasing | Consignment | Liquidation

www.topd_ggtest.com
(510) 3@4-3001

sales@topdogtest.com

L ool e

MICROWAVE JOURNAL m APRIL 2014


http://www.mwjournal-digital.com/mwjournal/201404/TrackLink.action?pageName=82&exitLink=http%3A%2F%2Fwww.topdogtest.com
http://www.mwjournal-digital.com/mwjournal/201404/TrackLink.action?pageName=82&exitLink=mailto%3Asales%40topdogtest.com

When Performance is Critical
Insist on Crystek

Phase Noise Typical @ 100 MHz
CVS5-945 CCPD-575 ¥

Sinewave VCXO LVPECL Clock

90 dBc/ Hz

120 dBe/Hz

-144 dBc/Hz

-154 dBe/ Hz

-158 dBe,/Hz

-160 dBc/Hz

-161 dBc/Hz

The Performance Curve Doesn’t Stop Here. Choose Crystek for:

Attenuators Low-Loss Coaxial Cables VCOs

VCOs Crystal Oscillators RF Cables Accessories

W ERYSTEK
www.crystek.com s
Tel: 800.237.3061 » 239.561.3311 e



http://www.mwjournal-digital.com/mwjournal/201404/TrackLink.action?pageName=83&exitLink=http%3A%2F%2Fwww.crystek.com
http://www.mwjournal-digital.com/mwjournal/201404/TrackLink.action?pageName=83&exitLink=https%3A%2F%2Fmobile.twitter.com%2Fcrystek

TechnicalFeature

84

Synthesizers:

Looking Beyond the Basics

Alexander Chenakin

Phase Matrix, A National Instruments Company, Santa Clara, CA

Fractional-N PLL synthesizers are among the most challenging of high-frequency

designs. Many approaches have been developed to generate clean output signals,

although techniques that achieve fine frequency resolutions often suffer from

elevated spurs and phase noise. In this article, industry expert Dr. Alexander

Chenakin reveals the anatomy of the fractional-N synthesis and discusses some

new ways to go beyond the current technology limits.

generic single-loop PLL synthesizer in-
Acludes a tunable VCO that generates a

signal in a desired frequency range. This
signal is fed back to a phase detector through
a frequency divider with a variable frequency
division ratio N as depicted in Figure 1. The
other input of the phase detector is a reference
signal equal to a desirable step size. The phase
detector compares the signals at both inputs
and generates an error voltage, which following
filtering (and optional amplification) slews the
VCO until it acquires the lock frequency given
by fout = N fpp, where fp) is the comparison

o] ruree > (vco) %%

four/N .
+N
I

A Fig. 1 Single-loop PLL synthesizer.

frequency at the phase detector inputs. Thus,
the frequency tuning is achieved in discrete
frequency steps equal to fp by changing the
division coefficient N.

This simple PLL synthesizer exhibits vari-
ous limitations and tradeoffs. The main impact
on the synthesizer performance is due to large
division ratios required to provide a high-fre-
quency output with a fine resolution. Note that
any noise generated by PLL components is
degraded at 20logN rate, where N is the divi-
sion ratio. In conventional integer-N PLLs op-
erating at small step sizes, the division ratio is
large because the step size must be equal to the
comparison frequency at the phase detector.
As a result, significant phase noise degradation
occurs. Furthermore, the synthesizer switch-
ing speed is a function of its loop bandwidth
and, therefore, is limited by the phase detector
comparison frequency too.

CONVENTIONAL DESIGNS
Fractional-N synthesizers break this cou-
pling between frequency resolution and other
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A Fig. 2 Self-offset scheme.

characteristics by using fractional di-
vision ratios and, therefore, allow a
higher comparison frequency for a
given step size. How are fractional di-
vision coefficients realized? In gener-
al, it is possible by alternating two di-
vision ratios (let’s say, N and N+1) and
averaging the output frequency over a
certain period of time. Another way to
look at this process is to calculate the
number of pulses delivered by such a
divider for a given time interval. Obvi-
ously, the average division coefficient
will be between N and N+1 depend-
ing on how many pulses are processed

by each divider.

The biggest concern associated
with this scheme is that the instant
frequency at the fractional-N divid-
er output is not constant. An abrupt
change in the division coefficient leads
to a phase discontinuity that produces
a voltage spike at the phase detector
output. Since the frequency division
change occurs periodically with the
same rate, it appears as discrete spurs
in the synthesizers output spectrum.
Suppression of the resulting spurs re-
quires that the PLL filter bandwidth
has to be sufficiently small, which is
not always possible.

There are many techniques to re-
duce fractional-N spurs.!-!I In gener-
al, this can be accomplished by adding
or subtracting a voltage at the phase
detector output during the frequency
division change. Another method is
based on using a multi-modulus di-
vider that allows a larger number of
division coefficients. In this case, we
should expect a larger number of
spurs of smaller amplitude. The multi-
modulus divider is often accompanied
by a delta-sigma modulator. The del-
ta-sigma technique is well known in

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

Emeail : sales@exoduscomm.com

Web : www.exoduscomm.com

communication systems and has been
used extensively for analog-to-digital
conversion. The fundamental idea of
utilizing A¥-modulators is to shape
the quantization noise in such a way
that a smaller amount of noise pow-
er remains within the utilized signal
bandwidth.

The same idea can be successfully
applied to fractional-N frequency syn-
thesis applications by randomizing
frequency spurs and pushing them to-
wards higher offset frequencies where
they can be easily filtered by the loop
filter. Moreover, a AX-modulator can
also reshape the residual noise spec-
trum so that it has more power at
higher frequency offsets. Accompa-
nied by a properly designed loop filter,
this leads to better spurious and phase
noise characteristics. No perfect com-
pensation, however, is possible. Thus,
in spite of various improvements, the
main disadvantage of the fractional-
N technique is the excessive spurious
levels produced by phase errors inher-
ent in the fractional division mecha-
nism.

SELF-OFFSET SCHEME

From the first glance, alternating
frequency division coefficients seems
to be a “natural” way to obtain frac-
tional-N values. This is not necessarily
true. Fractional division coefficients
can be realized by other means that
can avoid changing division ratios on
the fly. An interesting scheme (called
a “self-offset loolp”) has been present-
ed by Sadowski.'2 The scheme utilizes
a mixer in the PLL feedback path as
depicted in Figure 2. The mixer in-
puts are generated internally within
the same PLL, therefore, no separate
offset frequency source is required.
Two frequency dividers (having divi-
sion ratios A and B) divide the VCO
output frequency to generate the re-
quired mixer inputs. It is easy to show
that fou = frer %, thus, this scheme al-
lows fractional division coefficients.

Lets examine how this circuit
works. Imagine that we need to syn-
thesize a signal at 119 MHz using a 10
MHz reference. If we use a conven-
tional integer-N PLL approach, first
we would need to divide the reference
down to 1 MHz at the phase detector
input. Then we would generate the
required output by setting the divi-
sion ratio in the PLL feedback path
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A Fig. 3 Phase comparison with unequal frequency inputs and analog processing.
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to 119. This results in over 41.5 dB
phase noise degradation. We can ob-
tain the same output {requency in the
self-offset scheme by setting division
coefficients to A=17 and B=7. The
dividers generate two mixer inputs
at 7 and 17 MHz, respectively, thus,
their difference (filtered at the mixer
output) of 10 MHz is compared with
the reference frequency. Note that we
have essentially realized the fractional
division ratio of 11.9 that results in
substantial phase noise improvement
compared to the conventional inte-
ger-N PLL. A disadvantage of such a
structure is the need to select properly
required division coefficients and fil-
ter out undesired mixer products.

PHASE COMPARISON WITH
UNEQUAL INPUTS

Conventional wisdom  suggests
that the heart of any PLL should be
a phase detector that compares two
equal frequencies at its inputs to close
the loop. Bosselaers looked at this
from a slightly different angle.!> He
has proposed a circuit that consists
of two accumulators clocked by the
reference fr and signal fc frequen-
cies, respectively. It also includes an
arithmetic unit that digitally adds and
subtracts current states of the accu-
mulators. The result is transformed by
a DAC into analog equivalent to con-
trol a VCO. When the total of the ad-
ditions of the number R equals to the
total of the subtractions of the number
C over a period of time, the output
frequency will be set to fc = fr R/C,
where R and C are numeric values
of the codes at the control inputs of
corresponding accumulators. In gen-
eral, the R and C values are not equal;
therefore, the circuit provides the op-
portunity for phase comparison of un-
equal, fractionally-N related frequen-
cies. The main drawback of this idea is
that there is an uncertainty state when
fc and fr pulses coincide. This results
in a glitch and, thus, significant degra-
dation of the signal spectrum.

Koslov has further improved this
concept by processing the accumula-
tor outputs with analog means to avoid
the accumulator output uncertainty
issue.l4 There are two identical accu-
mulators R and C clocked by fr and fc
signals, respectively. The accumulator
outputs (one of them is inverted) are
summed in a special DAC represented
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A Fig. 4 Phase comparison using a single accumulator.
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by a resistive ladder network as shown
in Figure 3. The most significant bit
of the DAC operates from an RS-flip-
flop switched by the overflow pulses
coming from the accumulators. This
scheme can be further simplified!> by
eliminating one of the accumulators,
as depicted in Figure 4. The second
accumulator is excluded since its con-
trol code is fixed and, thus, its function
is reduced to sending the signal pulses

to the input of the RS-flip-flop.

PHASE SPLITTING

Synthesizer characteristics can be
significantly improved using the idea
of phase splitting.!6 To illustrate the
concept, let’s assume that there are
voltage glitches in a PLL circuit (as
shown in Figure 5) represented by
short pulses on the diagram A. Lets
move these pulses by 1, 2 and 3 clocks
and then sum them together with
equal weights of 1/K (where K is 4
in this case) as illustrated on the dia-
gram B of the same figure. Obviously,
the amplitude of the resulting pulses
is decreased four times although its
average DC power remains the same.
The diagram C shows the case when
the shifts are 2, 4 and 6 clocks and the
diagram D corresponds to the shifts of
8, 16 and 24 clocks, respectively. Note
that in the latter case not only the
amplitude but repetition frequency
changes (increases). Thus, it may be
easier to filter out these glitches.

This concept requires several par-
tial phase detectors that are properly
phased in respect to each other. One
practical implementation called phase
digital synthesizer is presented in
references 17 and 18. The proposed
solution consists of two channels
(representing the reference and sig-
nal paths) that include accumulators
(R-Acc and C-Acc) and phase split-
ters (R-PS and C-PS) as depicted in
Figure 6. The phase splitters drive
partial phase detectors constructed
with RS-flip-flops and a DAC as dis-
cussed earlier. For additional spur
compensation, some least significant
bits of the accumulators are option-
ally connected to R2R-sections of the
DAC. In the signal path, they may be
only required to select a preferable
combination of codes R and C to tune
out some troublesome spurs such as
integer boundary spurs. The outputs
of the partial phase detectors are pro-
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Fig. 5 Phase splitting concept.
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cessed in a DAC that generates a VCO
control voltage. An ideal DAC would
have only a DC component (for con-
trolling the VCO frequency) and two
saw-tooth components with frequen-
cies fr and fc, which are filtered out
by the loop filter. In reality, some spur
degradation occurs due to DAC er-
TOTS.

The essence of the presented phase
digital synthesizer is that the con-
trol signal of the PLL is formed by a
multi-phase comparator with phase
splitting of the reference and VCO
signals into a large number of partial
channels. Another interesting feature
is that phase comparison takes place
directly at the clock frequencies, thus
reducing frequency multiplication
within the loop. Overall, spectral pu-
rity characteristics heavily depend on
the number of partial phase detectors
as well as DAC accuracy. The analysis
presented in reference 18 shows quite
superior performance compared to
conventional fractional-N techniques.
The solution is particularly well suited
for implementation as an IC that allows
constructing a large number of partial
channels for better spectral character-
istics. Building this circuit on a single
chip can support the on-going demand
for low-cost, high-performance fre-
quency synthesizers.

This article highlights just a few
interesting ideas that can potentially
move current technology barriers. Can
they be practically used? Some ideas
thrive while others die. According to
statistics, not more than 2 percent of
patents are implemented in practice.
Much of the value of looking at a prob-
lem from another person’s point of view
is that it helps us recognize and com-
pensate for our own biases. Changing
a perspective is a very valuable tool to
develop new products. H
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OCXO Solutions Based on
[HR Technology

Igor Abramzon and Vadim Tapkov
Magic Xtal Ltd., Omsk, Russia

hanges in ambient temperature signifi-
C cantly affect crystal oscillator frequency
stability due mainly to the frequency vs.
temperature characteristic of the crystal reso-
nator. Frequency stability of the oscillator can
be greatly improved by using an oven-control
system that accurately maintains the tempera-
ture of the resonator and its sustaining circuit-
ry. But very high stability of an oven-controlled
crystal oscillator (OCXO) is attained at the ex-
pense of a relatively large size/high power oven
to maintain the temperature of a packaged
resonator, while oscillator circuitry is poorly
isolated from the environment. Although there
have been improvements in the basic perfor-
mance of high-end OCXOs over recent years,
the power consumption and packaging size of
even the most advanced designs have remained
at about 1 W and 5 cm3.
In the late 70s, an alternative OCXO con-
cept was proposed based on the internally heat-

CRYSTAL PLATE TO-8 COVER

-------------------:/
| CERAMIC SUBSTRATE WITH

METAL SCREEN \ ! THERMO-CONTROLLER

INSULATING RING E !. TO-8 BASE

A Fig. 1 Typical construction of an IHR built in a TO-8 package.

ed resonator (IHR) that integrates the heating
system with the crystal plate within the reso-
nator’s vacuum-sealed package. Elimination of
the bulky external oven and improved thermal
isolation of the internal heating structure from
the environment promised a radical reduction
in power consumption, size and warm-up time.

Nevertheless, its adoption has been delayed by

a few practical challenges:

e Providing uniform heating of the crystal
plate in a small resonator volume with suf-
ficient mechanical durability and low envi-
ronmental thermal loss.

* Sustaining a deep vacuum within the THR
volume.

e Minimizing the effect on frequency of the
external, unheated, circuitry.

This article outlines methods used to ad-
dress these challenges and realizes a new class
of high performance OCXOs.

INTERNALLY HEATED RESONATOR
CONSTRUCTION

A standard TO-8 cold-weld holder, com-
monly used for packaging of conventional high
precision crystals, is chosen to ensure reliability
of the vacuum seal and accommodate a 10 mm
crystal plate along with the integrated heat-
ing system. Typical construction of the THR
is shown in Figure 1. It contains a supporting
structure mounted on the TO-8 base, made
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A Fig. 4 IHR warm-up time using direct
heating (1), using indirect heating (2).

of low thermal conductivity materials
for thermal isolation of the oven sys-
tem above it. The integrated oven is
implemented on a ceramic substrate
bearing the whole thermo-control cir-
cuitry with the heater elements and
the temperature sensor. The heated
substrate provides accurate and uni-
form warming of the crystal plate at a
fixed temperature via mounting clips
and a metal screen over the plate sur-
face. This THR concept is called an
indirectly heated resonator, because
the heating elements are separated
from the plate surfaces. This reduces
the sensitivity of the crystal resonant
frequency to changes in ambient tem-
perature from coupling of weak ther-
mal flows inside the oven structure to
the environment. Due to near perfect
thermal isolation of the integrated
oven by a deep vacuum inside the
TO-8 package and low conductivity
of the supporting elements, the IHR
design consumes very low power even
at low ambient temperatures (see Fig-
ure 2).

98

TABLE |
IHR OCXO PERFORMANCE

DIP8 DIP14 Compatible
MX037/14

OCXO Characteristics Hermetically Sealed

MXO037/R

Compatible
MX037/8

Operational frequency range | 8to 150 MHz 8 to 300 MHz (above 150 MHz with internal
multiplication)
Power consumption at 25°C < 180 mW, 125 mW special option
Voltage supply 33V,5V
Frequency stability at 10
MHz in (-40° to 85°)C range to 10 ppb to 5 ppb to 0.5 ppb
Aging at 10 MHz per:
day 0.2 ppb
year 20 ppb
10 years 0.2 ppm
Allan variance at t=1s, (E-12) 10 5 3
Phase-noise level dB¢/Hz at: at 10 MHz at 100 MHz (fundamental)
1 Hz offset -105 -70
10 Hz offset -135 -100
1 kHz offset -160 -160
10 kHz offset -170 -170
Warm-up time 60 s — typical, 30 s — special option, 15 s — DHR option
Output waveform CMOS, sine wave

An alternative IHR concept called
directly heated resonator (DHR) is
shown in Figure 3. Warming of the
crystal plate is accomplished with film
heaters deposited directly on the plate
surfaces along with the temperature
sensor. Strong thermal coupling of the
film heaters to the plate surfaces re-
sults in extremely fast warm-up of the
plate (exceeding 10°C/s), although
there are significant thermal gradients
produced in the plate during heating.
Nevertheless, an optimal choice of
heater geometry and use of a stress-
compensated SC-cut plate enables
the set frequency to be achieved in
less than 10 s to 0.1 ppm (i.e., steady
state) with sufficient start-up power
(see Figure 4).

OSCILLATOR CIRCUITRY
Sustaining circuitry of miniature

Among these requirements, ef-
fective suppression of the unwanted
B-mode by the oscillator circuitry is
the most challenging, since common
suppression techniques using LC fil-
tering require additional components
and accurate adjustment, while exhib-
iting noticeable temperature sensitiv-
ity that limits oscillator temperature
stability. To avoid these issues, we em-
ploy an alternative method based on
different start-up times of the B- and
C-modes in the double-rotated cut
crystals, a consequence of substantial
differences in their equivalent electri-
cal parameters.

The high frequency model of the
sustaining circuitry at excitation of the
dual-mode crystal is shown in Figure
5. The rise of B- and C-mode ampli-
tudes during start-up is governed by
the expressions:

OCXOs using the THR concept must Ko “R
. o, . B
contain a minimum number of elec- o
tronic components to fit onto the  Up(t)=Uggexp Tt 1)
smallest PC boards; ensure steady ex- qB
citation of the crystal using the SC or
other double-rotated cut at the main K,
C-mode, suppress the unwanted B- o2 -Rqc
mode; ensure the lowest phe}se-nmse Ug(t) = Uy exp| —XC @)
level and highest spectral purity of the 2L
output signal; and, being outside the
heated volume, have a minimal influ-
ence on oscillator frequency over wide  \yhere Ry Ly and Roc, Lo are

variations of ambient temperature.

equlvalent resmtance an(? mductance
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of the B- and C-
modes accordingly.

At a sufficiently
high value of the
gain factor (K;), the
equivalent  induc-
tance becomes a
determining factor
in the rate of am-
plitude rise. Due
to a lower value of
inductance for the
C-mode (about 75
percent of the B-
mode  inductance
in an SC-cut crys-
tal) its amplitude
grows faster, reach-
ing steady state
first and suppress-
ing further B-mode
growth.  This is
called “dynamic se-
lection” due to the
absence of special
filtering  elements.
It requires minimal
PCB space, pro-
duces no effect on
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temperature stability of the sustaining
circuitry and needs no elaborate tun-
ing. This technique provides excellent
performance in OCXOs utilizing IHR
technology.

REALIZATION AND
PERFORMANCE

These designs are the basis for
three new families of OCXOs (see
Figure 6). The smallest, MXO37/8, is
a high stability OCXO with the oscil-
lator circuitry built in a TO-8 package
and mounted on a DIPS compatible
PC board. The MXO037/14 oscillator
and associated electronic elements
are packaged with the resonator in a
TO-8 package, and with the rest parts
on a DIP14 compatible PC board.
The MXO37/R oscillators are pack-
aged in a 20 x 20 x 12.8 mm hermeti-
cally sealed case.

Even the smallest DIPS oscillators
exhibit high frequency stability and
low phase noise at nearly the level of
high-end conventional OCXOs, while
the larger DIP14 series, accommodat-
ing more complex circuitry, provides
better temperature stability and can
operate at much higher frequencies
owing to internal frequency multipli-
cation stages. The larger volume in
the MXO37/R series OCXOs allows
for additional thermal compensation
circuitry, increasing temperature sta-
bility to nearly the level of double-
oven oscillators.

Table 1 summarizes performance
achievable from the three OCXO
families, demonstrating very high fre-
quency stability and low phase noise
in a miniature size with extremely low
power consumption. Such properties
make these OCXOs excellent solu-
tions for a variety of current applica-
tions as well as new developments.

CONCLUSION

IHR technology has proved to be
a powerful enabler for development
of a new kind of reference oscillator
with excellent frequency stability, low
phase noise, small size and low power
consumption. Covering a wide range
of customer needs, these devices offer
an alternative to conventional high-
end OCXOs. Potential applications
include advanced battery supplies and
portable equipment, such as high-end
mobile radio, GPS, rescue or geodesic
beacons, drone electronics and instru-
mentation.
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A Tunable Dual-Band 6 Bit
Digital Phase Shifter Using

DGS and Stubs

Zheng Liang Lv and Shuxi Gong

Xidian University, Xian, China

Shiwei Zhao and Xiang Zhang

Shanghai Radio Equipment Research Institute, Shanghai, China

This tunable dual-band phase shifter uses a defected ground structure (DGS) and
stubs. Its frequency can be tuned by changing the length and width of the stubs

and the dimensions of the DGS. The resulting circuit has improved insertion loss

and return loss with reduced phase variation, as verified by measurement.

hase shifters are essential components
in transmit/receive phase array antenna
elements. While there are well known
transmission line phase shifter approaches with
sufficient performance, such as all-pass filter
(APF) networks and vector addition,!? they
generally lack tunability. MEMS and varactor-
tuned substrate integrated waveguide (SIW)
are used to achieve tunable performance;
however, these methods introduce increased
design complexity.3# The composite right-/
left-handed transmission line (CRLH-TL)
structure is also used,>6 with the penalties of
increased physical size and insertion loss.
Providing advantages such as circuit size re-
duction and spurious response suppression, the
DGS has been used successfully in the design
of microwave circuits, such as filters, power di-
viders, couplers, amplifiers and oscillators.”8

Modern communication systems require dual-
band bandpass filters (BPF) with low insertion
loss, high selectivity and compact size, driving
an increased interest in dual-band filters em-
ploying the DGS structure %10

This article describes the design of a 6 bit
digital phase shifter using a DGS in the form of
a rectangular ring and incorporating open and
short-circuited stubs to create a tunable dual-
band phase shifter. The length and width of the
stubs (upper layer) and the dimensions of the
rectangular ring (bottom layer) are adjusted
to achieve the desired center frequencies and

bandwidths.

The configurations of the conventional and
proposed structure are shown in Figure I.
The proposed structure includes two layers. In
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the upper layer are two equal length
parallel stubs: one open and the other
short-circuited. In order to improve
its operational bandwidth, the device
employs impedance transformers
at its input and output ports. When
these matching circuits are ignored,
the reflection coefficient (I') and the
transmission coefficient (T) across the
plane are by given by!!

_1—(1+jb)_ —ib

S 1+(1+b) 2+jb;T:1+r @

where b is the normalized susceptance
of the stubs connected in parallel with
the main microstrip line given by

b:

Z, f f .
Z—S{tan[es XEJ_CO{QS ng:| (2)

where 6, and Z, are the electrical
length and impedance of the stubs
at the design frequency f,. Measured
against the reference microstrip line,

the differential phase shift is given by

Ad=0y—; =0, % fi —arctan (3)

0

Lo tan ngi —cot ngi
27, S R

where 0, is the electrical length of the
reference microstrip line at frequency f,,.

The schematic of the rectangle ring
DGS and stubs is shown in Figure 2.
The upper resonator is implemented
using open and shorted stubs and the
lower resonator is a DGS in the shape
of a rectangular ring. The upper and
lower metals are separated by the sub-
strate. The interaction that takes place
between the stubs and the DGS is not
conventional, so the classical design
approach cannot be applied here.

The length and width of the DGS
and stubs are a, b, 1 and w, respectively
(lis the sum of | and I, where ], is 1.5
mm). In addition, the width of the slot
between the outer rectangle and inner
rectangle is ¢, while the distance be-
tween two rectangular rings is d. The
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frequency can be tuned by adjusting
the length and width of the DGS and
stubs. The circuit is designed for Rog-
ers 5880 substrate material. Electro-
magnetic simulation software (HFSS)
is used to determine the physical di-
mensions. With a, b, ¢ and d at 15,
5, 2 and 20 mm, respectively, the

Zn,Qm

Zy Zo

(a)

(b) Zo,Qo

Fig. 1 Conventional (a) and proposed
phase shifter (b).

Fig. 2 Schematic of the DGS rectangular
ring and tuning stubs.
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exclusive search engine.

In Yoni2, you can enter the response type, connection
option, frequency, insertion loss, or any other specifications
you have. If a model cannot be found, we understand the
sense of urgency. So contact us, and our engineers will find
a quick, cost-effective, custom solution and deliver simulation
results within a few days.

Ve
(.“Ja' 12 The Design Engineers Search Engine...

U.S. P: .
rashen etz finds the model you need, Instantly.

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003
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Fig. 3 Simulated | So; | for different stub

lengths. widths.

Fig. 4 Simulated | Sy;| for different stub

That's the
QuickSyn’ Lite

The Ultra-Compact, Ultra-Quiet,
Ultra-Fast, Ultra-Low Cost

Frequency
Synthesizer!

Two Models Available:
FSL-0010 10 GHz
FSL-0020 20 GHz

The new QuickSyr’” Lite frequency
synthesizers employ a revolutionary
phase-refining technology that
enables superior performance and
a very compact size for complex
instrument designs.
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A National Instruments Company
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Fig. 5 Simulated and measured | Sy; | for
different stub lengths and widths.

Simulated results a1 = 15 mm, b1 = 5 mm
Measured results a1l = 15 mm, b1 =5 mm
Simulated results a2 = 10 mm, b2 = 8 mm
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Fig. 6 Simulated and measured | Sy; | for
different DGS lengths and widths.

simulated |Sy;| with several different
stub lengths and widths is shown in
Figures 3 and 4. This shows the nar-
rowing and shifting of the passbands
lower in frequency with decreasing

stub length and width.

The circuit is fabricated on Rog-
ers 5880 substrate material using the
Microsemi LSP 1000 PIN diode as
the phase switching device. Simulated
and measured values of |Sy| for the
45° phase shifter bit are shown in Fig-
ure 5 for the DGS dimensions a, b,
c and d equal to 15, 5, 2 and 20 mm,
respectively. The effect of different
lengths and widths of the DGS rect-
angular ring are shown in Figure 6.

The measured insertion loss, return
loss and phase variation for a 6 bit digi-
tal phase shifter are shown in Table 1.
The insertion loss varies from 0.3 to 0.5
dB and the return loss varies from 48
to 52 dB within the passbands, while
the phase variation is controllable to
within +3 degrees. A photograph of the
fabricated 6 bit digital phase shifter is

shown in Figure 7.
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Independent of Torque

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

e Very low passive intermodulation (PIM)

e Excellent VSWR values

e High density design

e 40% space reduction compared to
7-16 interfaces

e Screw-on, hand-screw and quick-lock
types
e For mobile communication networks

Rosenberger Rosenberger
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83413 Fridolfing, Germany USA - Lake Charles, LA 70606
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AN s TABLE |

I o ' P PHASE SHIFTER MEASURED PERFORMANCE
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Phase
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A tunable 6
bit digital phase
shifter employing
open and shorted
stubs and a DGS
rectangular  ring
achieves  tunable
dual-band perfor-

Fig.. 7 Phofogmph of the phase shifter mance by adjust-
employing tuning stubs and DGS. ing the length and

width of the DGS
and stubs. The result is improved insertion loss and return
loss with reduced phase variation, as verified by measure-
ment. ll

An Arrow Company

,\BichardsonRFPD

Accurate System Level Design with
Low Noise Amplifier's BlackBox Models
By Skyworks
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Flexible Device
Lineups for TD-LTE

and FDD-LTE

Freescale Semiconductor Inc.

Tempe, AZ

F power amplifier designers often face
Rthe prospect of creating and optimizing

a circuit for one set of frequencies and
RF power levels; then attempting to revise it
to cover other combinations of frequency and
power. The best strategy to achieve this goal is
to use the smallest number of different tran-
sistors to minimize redesign and overall cost.
To accommodate this increasingly common re-
quirement, Freescale® Semiconductor Inc. has
introduced predriver, driver and asymmetric
Doherty final-stage power transistors within its
Airfast™ family that make this easier to achieve
in TD-LTE and FDD-LTE cellular base sta-
tions. To complement the Airfast devices, the
company has also introduced the industry’s
first module that can significantly reduce the
time and effort required to align asymmetric
Doherty amplifiers in production.

Two lineups, one at 1.8 GHz and one at
2.6 GHz, with similar circuit architectures il-
lustrate how these devices can be employed in
real-world applications. The circuits each in-
clude a predriver driver, and final-stage ampli-
fier, along with the Advanced Doherty Align-
ment Module (ADAM).

The lineups for both frequency ranges are
shown in Figure 1. The first lineup is designed
for use in a 2x40 W or 4x40 W MIMO base
station in the 1.8 GHz band, the most popular
FDD-LTE band in the world. The second line-
up is applicable for the second most popular
band, 2.6 GHz. This band is especially popular
in North America and China where 8x20 W
MIMO solutions are often employed. In the 1.8
GHz lineup, the MMZ25332B predriver is fol-
lowed by the MMDS20254H ADAM module,
two AFT27S010N drivers and the AFT18H357
final-stage amplifier. The 2.6 GHz lineup em-
ploys the same predriver, the MMDS25254H
ADAM model, two AFT27S006N 6 W drivers
and a 160 W AFT26H160 final-stage amplifier.

The predriverin all cases is the MMZ25332B
GaAs MMIC, which is in the company’s family
of 5V DC drivers and pre-drivers that includes
1, 2 and 3-stage amplifiers with RF output
levels ranging from 250 mW to 4 W that are
housed in compact over-molded plastic pack-
ages. The performance of the MMZ25332B
can be optimized for any frequency between
1500 and 2700 MHz and is well suited for
multi-band power amplifiers, as a driver for
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1.8 GHz (40 W)

MMZ25332B

MMDS20254H

AFT27S010N (2X) | AFT18H357

2.6 GHz (20 W)

MMDS25254H

AFT27S006N (2X) | AFT26H160

A Fig. 1 Device lineups for a 40 W amplifier operating at 1.8 GHz and a 20 W amplifier op-
erating at 2.6 GHz. Both lineups use the same predriver and vary in the ADAM module, driver
and final-stage amplifier dictated by operating frequency and RF output power.

DPD-corrected Doherty power am-
plifiers, and as a final-stage amplifier
in uncorrected small cell base stations.

The drivers include the 6 W
AFT27S006N and 10 W AFT27S010N
that are housed in PLD-1.5W
over-molded plastic packages. The
AFT27S006N delivers 22 to 24.3
dB gain with 0.05 dB gain flatness
and 18 to 22 percent efficiency. The
AFT27S010N has 21 to 24.3 dB gain
with 0.2 dB gain flatness, and 21 to
25 percent efficiency. Both drivers
cover the full cellular infrastructure
frequency range of 700 to 2700 MHz.

The two final-stage amplifi-
ers used in this illustration are the
AFT26H160-454 160 W, 1.6:1 asym-
metric Doherty device that provides
15.5 dB of gain and greater than 45.5
percent drain efficiency at 32 W of
average output power between 2496
and 2690 MHz. The AFT18H357-24S

is also a 1.6:1 asymmetric in-package
Doherty device that delivers 360 W
of peak RF power between 1805 and
1995 MHz with average power of 63
W, 50 percent efficiency, and 17.2 dB
of gain. Table 1 summarizes the key
amplifier specifications.

The ADAM module placed be-
tween the predriver and driver stages
can provide unique benefits for man-
ufacturers. Designed specifically with
Freescale’s in-package asymmetric
Doherty power amplifiers in mind, it
can ensure consistent performance
throughout an amplifier manufactur-
er’s production line, while improving
yield and providing tighter paramet-
ric distributions that increase system
efficiency. It can also be adjusted in
the field to optimize the amplifier for
traffic loading, changes in frequency,
operating temperature, or any other
environmental condition.

ProductfFeature

The three current ADAM mod-
els include the MMDS09254H,
MMDS20254H and MMDS25254H
that collectively cover frequencies be-
tween 700 and 2700 MHz. They oper-
ate from a single 5 V DC supply, draw
about 12 mA, and accept commands
via a TTL/CMOS/SPI digital interface
designed for 1.8 or 3.3 V DC logic.
The devices are housed in 6x6 mm
QFN surface mount plastic packages.

An ADAM module can opti-
mize Doherty bandwidth, improve
DPD correction and full-band effi-
ciency, and enable consistent asym-
metric Doherty performance of any
Freeescale in-package Doherty am-
plifier. The devices incorporate a
90-degree directional coupler, digital-
ly-selectable phased shifters, as well
as programmable attenuators. All de-
vices used in the reference lineups are
in production and frequency-specific
reference designs are available.

The lineup approach demonstrated
by these examples allows RF power
amplifier designers to save consider-
able design time and reduce their
bill of materials by using a single pre-
driver, the same architecture for each
circuit and similar devices for ADAM,
driver and finals based on frequency
and power requirements.

Freescale Semiconductor Inc.,
Tempe, AZ,
www.freescale.com/rf.

TABLE |
KEY AMPLIFIER LINE-UP SPECIFICATIONS
MMZ25332B MMDS09254H AFT27S006N AFT26H160
MMDS20254H AFT275010N AFT18H357
MMDS25254H
Type GaAs HBT Advanced Doherty Wideband Driver Asymmetric Doherty
2-stage driver Alignment Module Transistor Amplifier Module
Frequency Range (MHz) 1500 to 2700 700 to 1000 728 to 2700 2496 to 2690/
1800 to 2200 1805 to 1995
2400 to 2800
RF Output Power (W) 2 6 32 average
160 peak
10 63 average
360 peak
Gain (dB) 27 W 17.2
2L 155
Drain Efficiency (%) = 21 (Class AB) 45.5 (Doherty)
23 (Class AB) 50.1 (Doherty)
Power Supply 5 28
Package 3X3 QFN 6X6 QFN PLD-1.5W over-molded NI-880XS-41.4S
plastic
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STAN

Circuit Stability
Analysis Tool

Limoges, France

sues facing the designer of power amplifi-

ers at microwave frequencies. This insta-
bility is due to the presence of feedback loops
associated with high level gains even out of
band. The appearance of these unwanted oscil-
lations depends on the bias of the device (lin-
ear stability) or on the dynamic power applied
at the input of the device (nonlinear stability).
The possibility of obtaining information on the
stability of an amplifier at the design stage is
essential and even more critical for monolithic
microwave integrated circuit (MMIC) technol-
ogy for which adjustment after fabrication is
impossible.

Different methods can be used by the de-
signers to analyze the small-signal and large-
signal stability of microwave circuits. Some of
these methods are implemented in commercial
simulators which facilitates their utilization as
p or K factor analyses which are intended for
linear two-port devices and are not suitable
for multi-device circuits. More rigorous small-
signal analyses, valid for multi-device circuits,

S purious oscillation is one of the major is-

AMCAD Engineering

have been presented in literature but these
methods can be quite arduous to implement in
a commercial simulator especially for circuits
with a great number of active elements.

For large signal conditions, the majority of
commercial simulators lack the tools for the
stability analysis of the circuit around a non-
linear steady state. Different techniques have
been developed that are applicable to micro-
wave circuits, but have the drawback of not be-
ing completely rigorous or too complex to be
implemented in an industrial design flow.

To address these issues, the STAN tool of-
fers a stability analysis technique for micro-
wave circuits that is valid for small-signal and
large-signal regimes. This patented technique,
which has been developed by the University of
Basque Country and the French Space Agency
(CNES) is able to detect and determine the na-
ture of oscillations, such as parametric oscilla-
tions in power amplifiers that can be, for exam-
ple, a function of the input drive signal. Knowl-
edge of the type of oscillation mode facilitates
the insertion of stabilization networks, with a
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A Fig. 1 Small-signal sinusoidal current
source connected at a particular node of the
circuit for stability analysis.

good balance between the required
oscillation avoidance and maintaining
the original circuit performance.

The stability analysis used is based
on the pole-zero identification tech-
nique. This technique has the benefit
of being applicable to DC, small and
large-signal stability analyses within
a similar methodology and, from the
simulations obtained, in commercial
CAD tools. Figure 1 shows a small-
signal sinusoidal current source con-
nected at a particular node of the cir-
cuit for stability analysis.

INTEGRATION IN CAD
ENVIRONMENT

The first step is to select a node of
the circuit to be analyzed and to con-
nect a small current source to this
node. Then a linear or a nonlinear
simulation using a commercial simu-
lator is performed in order to obtain
the frequency response. Simulation
templates are available for both Agi-
lent ADS and AWR Microwave Of-
fice simulators to easily facilitate this
implementation in the CAD environ-
ment.

The second step is to identify the
frequency response to obtain the
transfer function and the associated
poles and zeros. This step is done
using the STAN tool which, start-
ing from a text file exported from the
simulator, enables easy identification
and analysis of the results. Figure 2
illustrates a pole-zero plot.

NODE SELECTION AND
OSCILLATION

In simple circuits with a clear feed-
back structure (some amplifiers, os-
cillators, etc.) any node should serve

114
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for the analysis. However, for more
complex circuits such as multi-stage
power amplifiers, at least one analysis
per stage is highly recommended.

Analysis at several nodes is not nec-
essarily a drawback of the technique
because relevant information about
the nature of the oscillation and the
place in which it is being generated
can be extracted from such analysis.
A multi-node simulation can be com-
pleted, and with the obtained results it
is then possible to determine the kind
of oscillation mode and its location in
the circuit. This information will help
the designer to define the most suit-
able stabilization strategy.

PARAMETRIC ANALYSIS
Multi-parameter analysis can also
been performed, that is to say analysis
sweeping a circuit parameter. This can
be used for verification under various
conditions or checking the critical
resonances, sweeping the input drive
power, the load impedance or any pa-
rameter inside the circuit. Tracking
the evolution of critical poles allows a

can be too conser-

vative.  Designers
often over-design
their circuits,

guard-banding designs by includ-
ing excessive safety margins. Such
over-designing leads to ICs that are
more conservative than necessary in
power, size and performance speci-
fications.

Using the STAN tool from the ear-
ly design stages leads to an enhanced
approach in the design of RF and
microwave circuits. STAN is used
throughout the optimization process
to help reduce the amount of stabi-
lization networks that deteriorate
the RF performances at the funda-
mental frequency of operation, while
preserving similar stability margins.
Thanks to the identification speed of
the tool, it even opens up the possi-
bility of performing Monte-Carlo sta-
bility analysis, in order to check the
stability versus the manufacturing
process variation.

AMCAD Engineering,
Limoges, France

+33 (0) 555 040 531,
www.amcad-engineering.com.
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Procedure for how to use the N, TNC and 7/16 Push-On male. Push-On Con-

nectors mate with any standard female connector of the same connector style

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

i

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

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

1. Convert your standard cable assembly
into a Push-On Assembly by threadening
the standard female side of the adapter

onto the male connector of the assembly.

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

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

B

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

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

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

Il Spectrum

ektrotechnik GmbH

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

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

1. Convert your standard cable assembly
into a Push-On Assembly by threadening
the standard female side of the adapter

onto the male connector of the assembly.

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

3. Just slide the Push-On SMA female
Connector onto any standard SMA male.
Th&e connection is securely done in sec-
onds.

4. To disconnect, just pull the connec-
tor off.
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FEKO: The Power of
Multiple Solvers

EM Software & Systems-S.A. (Pty) Ltd.
Stellenbosch, South Africa

ELECTRICAL SIZE

OME PRODUCT, MULTIPLE SOLYERS

COMPLEXITY OF MATERIALS

A Fig. 1 FEKO has pioneered the development of multiple CEM
solvers, and the hybridisation thereof, enabling solutions for a broad
scope of applications and seamless cross-validation.

oday, more than ever before, electro-
I magnetic (EM) simulation is embraced
in the research and design of technolo-
gies ranging from RFID tags, to radar systems
on ships and most things in between. Increas-
ingly, simulation is applied as a means for
digital prototyping early in the product devel-
opment cycle. It also offers a virtual test plat-
form for scenarios where measurement of the
actual usage environment might be challeng-
ing or impossible, e.g., a cardiac pacemaker, or
lightning striking an airplane. The challenge
in these cases is how to generate dependable
simulation results.

The FEKO approach is to provide all of the
EM solvers in a single license, rather than li-
censing each solver individually. This broadens
the scope of how customers are able to solve
problems. The advantage of this approach is
that, in the absence of measurements, a good
correlation between simulation results using
different solvers can give the user confidence
and certainty in their models.

EMSS’s belief is that no single computa-
tional EM (CEM) method is capable of solving
the whole spectrum of problems which is why

MICROWAVE JOURNAL m APRIL 2014



different CEM methods are normally
applied to specific applications. By hy-
bridizing different solvers, it is possi-
ble to further combine the advantages
of these individual methods to solve
an even broader scope of problems, as
is illustrated in Figure 1.

With the introduction of fully inte-
grated finite difference time domain
(FDTD) and multilevel fast multi-
pole/physical optics (MLFMM/PO)
hybrid solvers, FEKO’s Suite 7.0 re-
lease will take the next step toward a
complete solution. Examples follow to
illustrate the features and capabilities
of the new release.

EMP AND LIGHTNING ANALYSIS

A scenario where making field
measurements is challenging is the
study of the propagation of an elec-
tromagnetic pulse (EMP) or a light-
ning strike on a building. Although
the pulse waveforms for EMP and
lightning are not the same, the nature
of the problem is similar. The goal is
to understand the transient fields in
order to shield sensitive electronic
equipment.

The building structure (see Fig-
ure 2) is simulated with FDTD using
a typical pulse. The cross-validation
is done with the frequency domain
method of moments (MoM) at spe-
cific frequencies within the spectrum
of the pulse. Despite solving the com-
plex geometry with time and frequen-
cy domain methods, the results agree
very well.

L T T
T. 424.T57-01638 | F:
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N FDTD{X=—11m} —— FDTD{X=3m)
——— MoM (X=-11m) —A— MoM (X =3 m)
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Y POSITION (m)

A Fig. 2 Comparison of FDTD and MoM results of the E-field for the two storey building. The
field distribution is also shown at 50 MHz.
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A Fig. 3 Comparison of the S-parameters for a dielectric resonator and the field distribution in
the transmission band at 9.4 GHz.

:-BAND POWER AND
_NOISE AMPLIFIERS

COVERING 71 - 86 GHz

SAGE SBL and SBP amplifiers are designed and manufactured by
utilizing the most advanced discrete PHEMT or MMIC devices and thin
Jfilm technologies to cover the frequency range of 2 to 110 GHz. With
o Improved DC power supply and advanced semiconductors, the low
fon mpiifiers deliver low-nolse performance, broad operating band-
swadih, and gain flatness while the power amplifiers deliver high power
pul, suparior power added efficiency (PAE). and higher linearity.

ih Gﬂhﬂm pustom-designed models are available.

RSAGE

eter, Inc.
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MICROWAVE FILTER DESIGN

The design of microwave filters can be automated us-
ing optimization routines. In addition to understanding the
structure, this is an attractive approach to reduce the num-
ber of prototype iterations. In this case, the S-parameters
are calculated for a filter constructed from dielectrics in an
evanescent-mode waveguide (see Figure 3). The two par-
allel cut-off paths are realized by a partial H-plane bifur-
cation [Shigesawa, “Two-path cut-off waveguide dielectric
resonator filters”].

The structure was simulated using the following three
methods: MoM (using the Surface Equivalence Principle
for the dielectrics), hybrid FEM/MoM (MoM applied to
the waveguide and finite element method FEM to the di-
electrics) and FEM only. Not only do the simulation results
correspond exceptionally well with each other, but also
with the measurements.

A CASSEGRAIN REFLECTOR

Designing electrically large reflectors to meet gain,
beamwidth and sidelobe requirements is a challenging
task, even more so when complex feed horns are used that
require many unknowns in the MoM region. FEKO’s new
hybrid MLFMM/PO solver is ideally suited to this type of
problem because of the huge memory saving offered by
MLFMM (when compared to standard MoM).

A Cassegrain reflector with a main reflector diameter of
25\, operating at 10 GHz, and a corrugated horn feed (see

Microwave Flash, delivered every
Wednesday, contains the latest

news, upcoming events, webinars,
technical articles from the current
issue and web exclusive features.

Microwave Advisor, delivered
every Tuesday, features the
“Editor’s Choice” product
announcements.

Military Microwaves, a monthly newsletter,
includes guest commentaries from

industry analysts, news, products and
listings of upcoming aerospace and
defense related events

and wehinars.

Marketers will love the WaveGuide,
our monthly newsletter full of
marketing tips, advertising and
editorial opportunities.
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A Fig. 4 Comparison of the gain of a Cassegrain reflector solved
with MLFMM and hybrid MLFMM/PO.

Figure 4) is used to illustrate how this method can be ap-
plied-MLFMM for the horn and sub-reflector, PO for the
main reflector with bi-directional coupling. The results are
compared with the full-wave solution of the whole struc-
ture which is solved with MLFMM alone. There is excel-
lent agreement between the full-wave solution, where the
MLFMM is applied to the total structure, and the hybrid
MLFMM and PO solution. It is only behind the reflector
where small differences can be observed.
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Simulations have also shown that
ignoring the coupling between the
feed, the sub-reflector and the main
reflector can lead to significant inac-
curacies. Using the radiation pattern
of the horn and sub-reflector as a feed
has been shown to be extremely effi-
cient approximation, but care should
be taken with unaccounted for cou-
pling effects.

SPECIALIZED IMPLEMENTATIONS

In addition to the broad range of
solvers offered in FEKO, other spe-
cialized implementations are avail-
able. These include the multi-conduc-
tor transmission line (MTL) model
which is used to study radiation/irra-
diation/bi-directional coupling for ar-
bitrary cable cross-sections.

Many of FEKO’s solution methods
(MoM, MLFMM, FEM, etc.) may be
used to compute the external fields
and currents that couple to or from
such complex cable bundles. Special
solutions are available for the efficient
analysis of thin dielectric sheets and
periodic structures. This can be ap-
plied when solving frequency selec-
tive surfaces, finite arrays and anten-
nas integrated into glass windscreens.

Characteristic  mode  analysis
(CMA) allows the calculation of nat-
ural current modes supported by a
structure. These modes give insight
into the fundamental radiation and
cross-coupling characteristics of the
structure, which can then be used to
obtain certain design objectives. For
example, the position of an antenna
on a structure can be chosen to excite
a specific mode, which will in turn
create a desired radiation pattern.

It is inevitable that the nature of
the problems that need to be simu-
lated will become increasingly more
complex. Release 7.0 addresses cur-
rent issues and FEKO intends to pro-
vide solutions to tackle new challenges
in the future.

Y)VENDORVIEW

FEKO is a product of EM Software
& Systems-S.A. (Pty) Ltd.,
Stellenbosch, South Africa,

+27 21 831 1500,
www.feko.info.
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LOW-G / LOW NOISE / LOW COST OCXOs

"Quietly the Best"

ONYX IV Series Crystal Oscillators

o 10VHZ to IS0z fixed)

e 1 x1 x0.5/in (254 x:25.4 x 12.7 mm)
s Phase Noise Eloorsito =176 086/ /HE
o GESensitivity to) LEIL) S PER anis

Pricing Options
to < $200 Each
in Quantities!

s nternal\Voltage Regulator
sillightweight'<30)grams

o Standard Modals in Stock!

Wenzel Associates, Inc.
2215 Kramer Lane, Austin, Texas 78758
512-835-2038 e sales@wenzel.com

www.,wenzel.com

SAW for
Defense & Space

SAW
Modules

Integrated Microwave Assembilies for
IF signal processing with SAW's
exceptional performance:

« state-of-the-art design

« high freq selectivity

o

« high dynamic range
» MIL & space qual
e minimal SWaP

Radar

Space
Communications
Electronic Warfare

r1010n

CORPORATION

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

www,phonon.com/mod
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nritsu Co.’s new Microwave Site
A Master™ S820E is the world’s
first handheld cable and an-
tenna analyzer with frequency coverage
up to 40 GHz. It brings best-in-class
measurement capability to the field
and allows for accurate measurements
to easily be made on microwave com-
munication systems anytime, anywhere.
The Microwave Site Master SS20E con-
ducts one- and two-port measurements
on coaxial or waveguide systems, and a
future vector network analyzer (VNA)
mode will offer S-parameter function-
ality in a compact, field-proven design.
The Site Master SS20E has a dy-
namic range of 110 dB typical up to 40
GHz, and best-in-class frequency reso-
lution of 1 Hz across the full range of
operation. Patented RF interference

Micr@?wave

Journa

ENVELOPE TRACKING

VERSUS OUTPHASING

Handheld Cable and
Antenna Analyzer with

Frequency Coverage

up to 40 GHz

rejection, up to +17 dBm, allows the
analyzer to accurately measure in the
harshest RF environments, and pow-
erful processors deliver measurement
sweep speed of 650 us/point. Standard
one-port measurements include return
loss, VSWR, cable loss, Distance-to-
Fault (DTF), phase, and Smith Chart.
Standard transmission measurement
(one-path, two-port) is also included.

UNIQUE TWO-PORT
MEASUREMENT CAPABILITY
Two-port transmission and swept
cable loss measurements on long,
embedded transmission systems can
also be made with the SS20E. Exter-
nal USB sensors up to 40 GHz can be
connected to the analyzer to accurately
measure loss in cables and waveguide

assemblies where there is significant
distance between each end of the as-
sembly. The sensor may be easily ex-
tended up to 85 meters using passive
USB extenders and Cat5e cable. Other
lengths can be accommodated.

VNA MEASUREMENTS IN THE
FIELD

Internally, the SS20E is a four-receiver
VNA architecture, and utilizes the same
cutting edge NLTL (shock line) sampler
technology as the premium Anritsu Vec-
torStar™ VNA benchtop models to de-
liver unprecedented performance to 40
GHz in a handheld instrument.

JVENDORVIEW

Anritsu Co., Richardson, TX,
(972) 644-1777, www.anritsu.com.
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roadband Wireless has de-
B veloped a linearized 200 W

peak power amplifier op-
erating in the 1805 to 1880 MHz
band. Linearized output power is
50 W (80 W maximum) with ACPR
(5 MHz W-CDMA at 7.5 dB PAR)
of <45 dBc at 5 MHz and < 50
dBc at 10 MHz. With a 10 MHz
LTE waveform at 50 W, the ACP
is <—45 dBc at 10 MHz offset. The
RF gain is 45+0.5 dBm (adjust-
able) with +0.5 dB gain over the
frequency and temperature range.
The noise figure is 12 dB.

122

1805 to 1880 MHz,
200 W Amplifier

The DC current at 28 V is
5.5 A maximum at 50 W average
RF power with an operating base
plate temperature from -30° to
+ 80°C. It is a packaged in a
8" X 4" package with SMA fe-
male connectors for RF, nine pin
D-Sub female and two pin Molex
0428202222 for DC power. Har-
monic level is -45 dBc with input/
output return loss of 18 dB min.
Broadband Wireless has pro-
duced this PA in bands from 700
to 2700 M Hz.

Go

Broadband Wireless supplies
RF and microwave amplifiers to
commercial and government cus-
tomers in the telecommunications,
defense and aerospace industries.
They specialize in customized lin-
ear high efficiency RF power am-
plifiers for the communications
industry.

Broadband Wireless,
Reno, NV

(775) 329-5544,
www.bwt-amps.com.
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For more information please visit:

HTTP://IMS2014.MTT.ORG

IMS2014
POWERING
THE WAVES

&IEEE N

MTT-S°

CONFERENCE DATES: 1- 6 JUNE 2014!

IT'S MORE COSTLY NOT TO GO..

IMS is the single annual opportunity to get the entire pulse of our industry in just one week. Attending
IMS2014 enables you to see what is new, improve your technical knowledge and meet your colleagues,

partners and vendors face-to-face in one efficient trip.

It is the one event where you can connect with

key people and learn about the technology advances you need to make informed decisions.

IMS2014 offers Focus Sessions which highlight
emerging new technical topics that are gaining
importance and may be of significant interest to
the microwave and wireless community.

IMS2014 offers technical sessions, interactive
forums, plenary and panel sessions, workshops,
short courses, application seminars, and a wide
variety of other technical activities.

Microwave Week has countless opportunities

to connect with other members of our growing
community. No other event in the industry offers
access fo as many technical experts, and product
representatives, or provides as good a forum to
exchange ideas and meet the people who truly
move our industry forward.

Over 550 Exhibitors represent the state-of-the-art
when it comes to materials, devices, components,
subsystems and services as well as design and
simulation software and test and measurement
equipment. Whatever you are looking to acquire,
you will find the industry leaders ready and willing
to answer your purchasing and technical questions.

e
With all these benefits of attending, it

is hard to imagine a more productive
way than spending one week with us!
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TMS offers a complete suite of
ITAR-free products for Ka-
Band systems that have been
specifically developed for both legacy
and new designs. Both up and down
converters have the ability to electroni-
cally switch between the commercial
and military Ka-/K-Bands. Each con-
verter has a number of functions that
enable easy integration into legacy and
new systems. These include either in-
ternal or external reference at both
10 and 50 MHz along with blanking
and attenuation control. By combin-
ing these converters with the standard
SSPA, a full transceiver can be config-
ured to operate over the 29 to 31 GHz
transmit band and the 19.2 to 21.2
GHz receive band with just three her-

Ka-Band ITAR-Free Suite

metically sealed modules.

The standard SSPA offers 16 W
P1dB or 8 W linear output power over
the full 29 to 31 GHz frequency range.
The unit also includes extensive gain
control and forward power monitor-
ing. An internal BIT circuit monitors
current, thermal and other critical pa-
rameters. TMS also offers a K-Band
(19.2 to 21.2 GHz) LNA with a 1.3 dB
noise figure over the full 2 GHz band-
width. With a total weight of 0.5 lbs
and small size, the unit is ideal for to-
day’s integrated, light weight Ka-Band
terminals.

For the past 40 years, TMS has al-
ways offered a wide range of micro-
wave modules specifically designed to
meet demanding size, weight, power

Find Reps, Engineers and Used Equipment.
Post your listing on the new MWJ classified section.

-J

M-icave

ournal
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Frequency Matters.

—

fied

and cost applications for land, air and
marine markets. Using unique chip
and wire techniques, TMS offers rug-
ged and reliable products suitable
for the most demanding platforms.
With extensive functionality built-in,
TMS is able to offer these standard
products that work with any modem.
Each unit is designed to provide over
200 different configurations, many of
which are auto-sensing. All these op-
tions are available from a single stan-
dard product, enabling last-minute
configurations at the factory and thus
shorter delivery times.

Teledyne Microwave Solutions,
Rancho Cordova, CA,

www.teledynemicrowave.com.

www.mwjournal.com /classifieds
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Mini-Circuits’ New AVM-273HP+ wideband, 13 dB gain,
unconditionally stable microwave amplifier supports applications
from 13 to 26.5 GHz with 0.5W power handling! Gain flatness of
+1.0 dB and 58 dB isolation make this tiny unit an outstanding
buffer amplifier in P2P radios, military EW and radar, DBS,
VSAT, and more! lts integrated application circuit provides
reverse voltage protection, voltage sequencing, and current
stabilization, all in one tiny package!

The AVA-183A+ delivers excellent gain flatness (1.0 dB)
from 5 to 18 GHz with 38 dB isolation, and 19 dBm
power handling. It is unconditionally stable and an ideal
LO driver amplifier. Internal DC blocks, bias tee, and

O MHz 1026.5 GHz

THREE AMPLIFIERS COVER IT ALL!

2 2754

PHA-1+
0.05-6 GHz

Gain 13.5dB
Pout 22dBm

ea. (qty. 20)

AVA-183A+
5-18 GHz $6é2§qty 10)

Gain 14.0dB
Pout 19dBm

#

New
AVM-273HP+ $ 95
13-26.5 GHz 27ea.(qty. 10)

Gain 13.0dB
Pout 27dBm

microwave coupling capacitor simplify external circuits,
minimizing your design time.

The PHA-1+ + uses E-PHEMT technology to offer ultra-high
dynamic range, low noise, and excellent IP3 performance,
making it ideal for LTE and TD-SCDMA. Good input and
output return loss across almost 7 octaves extend its use to
CATV, wireless LANs, and base station infrastructure.

We’ve got you covered! Visit minicircuits.com for full specs,
performance curves, and free datal These models are in stock
and ready to ship today! (9 RoHs compliant

FREE X-Parameters-Based et L
Non-Linear Simulation Models for ADS S

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

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003

(718) 934-4500 sales@minicircuits.com
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CatalogUpdate

LTE-Advanced
Manufacturing Test

Y)VENDORVIEW

The Solutions for LTE-Advanced
Manufacturing  Test  application
note provides an understanding
of the requirements for LTE-
Advanced  carrier  aggregation
manufacturing test. It is the new-
est in the series of Agilent Power
of Wireless application notes de-
signed to provide a better under-
standing into the intricacies of the
continuously evolving wireless in-
dustry, so you can accelerate your
development of products. The se-
ries can be found at_www.agilent.
com/find/powerofwireless.
Agilent Technologies Inc.,

www.agilent.com.

EMC Analysis for Cables
and Connectors

Y)VENDORVIEW

Electronic ~ systems, including
those with cables and connectors,
are subject to electromagnetic
compatibility (EMC) standards.
Coupling  of electromagnetic
(EM) energy through cables is
one of the common occurrences
that can be easily analyzed using
CST CABLE STUDIO®, a spe-
cialized EM simulation tool for
cables. Including simulation in the
design process allows problems to
be identified and corrected before
a prototype is built. Find out more

e —
EMC SimuLaTioN
For ELECTRONIC PRODUCTS

in CST’s brochure, EMC Simulation for Electronic Products.
CST-Computer Simulation Technology AG,

www.cst.com.

“At a Glance” Brochures

JVENDORVIEW

Empower RF Systems continues
to add to its selection of continu-
ously updated and downloadable
“At a Glance” brochures which
detail (in separate editions) an
overview of the company, recom-
mended products for key markets
and new product introductions as
they occur. Twelve different docu-
ments, organized and consistent in
presentation of key information,
can be accessed via the website.
The “At a Glance” materials are
especially useful for engineers,
buyers and sales reps.

Empower RF Systems Inc.,
www.empowerrf.com.
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EMC & RF Testing
Product Catalog
\YJVENDORVIEW

AR has just completed a brand
new edition of its sought-after
full line product catalog. It has
supplemented its extensive line of
RF and microwave power ampli-
fiers. Please contact your local AR
sales associate for a hard copy or
visit the website at www.arworld.
us/html/catalogRequest.asp for a
free download, either in full or by
section.

AR RF/Microwave
Instrumentation,

www.arworld.us.

Crystek VCO Selector
Guide
Crystek's VCO  Selector Guide

highlights the company’s line of

VCO products, available in a wide
variety of performance levels and
packaging options. Besides VCOs,
Crystek offers quartz crystals,
XOs, TCXOs and VCXOs, as well
as cables and accessories. Crystek
Sorp.® has been providing fre-
quency products since 1958.
Crystek Corp.,
www.crystek.com.

= 1 B 0 (i
= E

Cables

|||~ ]

SATCOM Product Guide
)VENDORVIEW

Mini-Circuits is pleased to release
its new SATCOM Product Guide
featuring a full survey of compo-
nents and assemblies for satellite
and earth station systems. With se-
lected models from over 20 differ-
ent product types to 40 GHz, the
guide provides key performance
parameters for each product and
serves as a handy reference for
engineers evaluating parts for
their design needs. Request your
copy from the literature section
of Mini-Circuit’s website or email
apps@minicircuits.com.
Mini-Circuits,
www.minicircuits.com.
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New Waves: Amplifiers & Oscillators

FOR MORE NEW PRODUCTS, VISIT WWW.MWJOURNAL.COM/BUYERSGUIDE
FEATURING W VENDORVIEW STOREFRONTS

TWT Pulse Amplifier
\VENDORVIEW

AR’s new 10000TPSG10 TWT pulsed amplifier
produces 10,000 W of peak output power
over the 8 to 10 GHz
frequency range with
70 dB gain for various
EMC and microwave
testing  applications.
Standard features in-
clude a built-in IEEE-
488 (GPIB) interface,
TTL Gating, VSWR
protection, gain control, RF output sample ports,
auto sleep, plus various monitoring circuits.

AR RF/Microwave Instrumentation,
www.arworld.us.

Low Noise Amplifier

JVENDORVIEW

Custom MMIC
introduced the
CMD167, a
highly efficient,

ultra low noise

GaAs MMIC
amplifier  that
operates  from

10 to 17 GHz and is ideally suited for EW and
communications systems where small die size
and low power consumption are needed. At 14
GHz, it delivers greater than 15 dB of gain, with
an output 1 dB compression point of +11 dBm
and a noise figure of 1.8 dB. It has a 50 Q
matched design, thereby eliminating the need
for external DC blocks and RF port matching.
Custom MMIC,

www.custommmic.com.

Power Amplifier

Y/VENDORVIEW

Hittite launched
\e .'; 3 a new GaAs
| 'r".r..'llE'nr} | I { PHEMT MMIC
I

| distributed PA
| _.______..--'"' L“""\-._;"

covering the DC
to 40 GHz fre-
quency range. The amplifier provides 13 dB of
gain, 33 dBm output IP3 and +22 dBm of output
power at 1 dB gain compression while requiring
175 mA from a +10 V supply. The HMC5805LS6
exhibits a slightly positive gain slope from 8 to 32
GHz, making it ideal for EW, ECM, radar and
test equipment applications. The amplifier I/Os
are internally matched to 50 €.
Hittite Microwave Corp.,
www.hittite.com.

GPSDO

Jackson  Labs
Technologies an-
nounced the
availability of its
breakthrough
product DROR-IL
a 10 MHz
5 MHz1 PPS
GPS-disciplined

atomic frequen-
cy and timing
reference (GPSDO). The DROR-II is a rugge-

dized frequency and timing reference with a
cesium vapor atomic oscillator followed by a
precision SC-cut crystal double-oven oscillator
and an actively vibration-compensated VCXO
oscillator, with specific emphasis on ultra low
phase noise performance under extreme vibra-
tion and acceleration such as could be encoun-
tered in aircraft, tracked vehicles and wheeled
vehicles.

Jackson Labs Technologies Inc.,
www.jackson-labs.com.

Wideband Amplifier
\)VENDORVIEW

Mini-Circuits’
GVA-60+ ampli-
fier features a
frequency range
from 10 MHz to
5 GHz, opti-
mized to deliver
incredibly ~ flat
gain (20 £0.3 dB),
high IP3 (29 to
40 dBm), and an
input return loss of 17 to 20 dB with no external
matching for VHF/UHF/IF applications and
more. Performance like this, with a typical out-
put power of 19.5 dBm on a 5 V/92 mA DC sup-
ply, makes the GVA-60+ ideal as a driver in
complex waveform up-converter paths and lin-
earized transmit circuitry.

Mini-Circuits,

www.minicircuits.com.

Wideband Amplifier

QuinStar Technology Inc. introduced QPW-
71803014-S1, an E-Band power amplifier. The
QPW model of E-Band amplifiers come with
some of the widest industry frequency ranges,
such as 71 to 86
GHz, a gain of
30 dB and out-
put power avail-
able up to +30
dBm depending
on the frequen-
cy range and
bandwidth. The
wide bandwidth of these amplifiers makes them
ideally suited for broadband MMW communi-
cations systems and other broad spectrum sys-
tems applications.

QuinStar Technology Inc.,

www.quinstar.com.

Ultra Low Noise Oscillators

Rakon launched
a new series of
oven controlled,
voltage con-
trolled SAW os-
cillators (OCSO).
Using advanced
SAW  technolo-
gy and new circuitry design, the OCSOs are
ideal for applications that require high frequen-
cy and ultra low phase noise. The LNO1280B1
and LNO2000B1 enable frequencies of 1280
MHz and 2 GHz, respectively. They are based
on Rakon’s high performance SAW oscillator
cores at 320 MHz and 500 MHz, combined

with Rakon’s low noise, active frequency qua-
druplers. The technology enables an exception-
al phase noise floor and very low broadband jit-
ter.

Rakon Ltd.,

www.rakon.com.

GaAs E-PHEMT MMIC

AE510 is a new state-of-the-art PHEMT
MMIC, based on GaAs Enhancement Mode
PHEMT which provides low current draw and
very low noise.
The AE510
! push-pull  am-
- Q plifier is de-
signed for many
applications  in-
\"_“ cluding CATV
¥ and FTTH sys-
tems operating in the 30 to 2700 MHz range, an
ideal solution for broadcasting applications for
its high gain and low distortion. With RFHIC’s
vertical integration and patented manufactur-
ing processes, the AE510 is also one of the most
cost effective parts for the price.
RFHIC,
www.ﬂic.com.
Miniature Footprint Oscillator

This C-Band
miniature  sur-
face mount
VCO model

DCO680700-5
delivers a pow-
erful perfor-
mance. This op-
timized funda-
mental frequen-
cy planar reso-
nator design
covers the band of 6.76 to 7 GHz with just 0.5 to
5 V of tuning. The 5 V supply voltage (Vcc)
draws only a maximum current of 35 mA while
achieving a superb low phase noise of -88
dBc¢/Hz at 10 kHz offset. It also gives a strong
output power of 0 dBm as a minimum with ex-
cellent harmonic suppression of 32 dB (typical).
Synergy Microwave Corp.,
wWww.synergymwave.com.

Ka-Band GaN HPA

TriQuint’s TGA2594 is a Ka-Band power ampli-
fier fabricated on TriQuint’s 0.15 pm GaN on
SiC process. Operating between 27 and 31
GHz, it achieves 5 W saturated output power
with an efficien-
cy of 28% PAE,
and 23 dB small
signal gain.
Along with ex-
cellent  linear
characteristics,
the TGA2594 is
ideally suited to
support both commercial and defense related
satellite communications. To simplify system
integration, the TGA2594 is fully matched to 50
Q with integrated DC blocking caps on both
1/O ports.

TriQuint Semiconductor Inc.,

www.triquint.com.
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Ultra Small 2:2mm

2W ATTENUATORS oc 20cH: 51°°...

Save PC board space with our new tiny 2W fixed value
absorptive attenuators, available in molded plastic or high-rel
hermetic nitrogen-filled ceramic packages. They are perfect
building blocks, reducing effects of mismatches, harmonics, and
intermodulation, improving isolation, and meeting other circuit
level requirements. These units will deliver the precise attenuation
you need, and are stocked in 1-dB steps from 0 to 10 dB, and
12, 15, 20 and 30 dB.

The ceramic hermetic RCAT family is built to deliver

reliable, repeatable performance from DC-20GHz under as soon as tomorrow!
the harshest conditions. With sample prices starting at
Ceramic

Plastic

only $4.95 ea. (gty. 20), these units are qualified to meet
MIL requirements moludmg vibration, PIND, thermal shock,
gross and fine leak and more, at up to 125°C!

The molded plastic YAT family uses an industry proven, high
thermal conductivity case and has excellent electrical performance
over the frequency range of DC to 18 GHz, for prices as low as
$2.99 ea. (qty. 20).

For more details, just go to minicircuits.com — place your

order today, and you can have these products in your hands
o RoHS compliant

FREE Simulation Models! :Il“lilhlcs'

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

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003

(718) 934-4500 sales@minicircuits.com
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NewProducts

Components

SAW Duplexer
\VENDORVIEW

The AM1950-2140SD345 SAW duplexer is de-
signed for wireless applications and has very low
ripple and insertion loss along with high rejec-
tion. Passband 1 is 1940 to 1960 MHz and Pass-
band 2 is 2130 to 2150 MHz. Rejection is up to
52 dB, insertion loss is less than 2.2 dB in either
passband, in-band ripple is 0.6 dB, isolation is
at least 43 dB, return loss is greater than 16 dB,
and power handling ability is 10 dBm.

Anatech Electronics Inc.,
www.anatechelectronics.com.

Phase Shifter

Model P2P-68T-5
is a broadband
digitally  con-
trolled PIN 360°
diode phase
shifter operating
from 6 to 18
GHz. This de-
vice offers up to
0.088°  resolu-
tion with 12 bits of TTL compatible binary logic
and switches in less than 500 nSec. Across the
entire band, phase accuracy is +10°, amplitude
balance +1.0 dB, and VSWR 1.9:1 in 50 ). Input
power is up to +15 dBm CW or 1 W max. The

R&K - A1300BW10-6372R

130

operating temperature range is extended from
-55° to +85°C.

G.T. Microwave Inc.,
www.gtmicrowave.com.

Reactive Splitters
YVENDORVIEW

Dr.D.A.SO pre-
scribes MECA’s
low PIM (-160
dBc typical)
compact  reac-
tive splitter for
DAS  applica-
tions. Covering
1.7 to 2.2 GHz
makes them ideal for space restricted areas
where the traditional T styles simply won't fit.
TP67 rated. Made in USA - 36 month warranty.
MECA Electronics Inc.,

www.e-meca.com.

Waveguide Modules

desirable to en-

2 22 AR
gineers and de-

velopers wanting to experiment with transmit-
ting high-bandwidth data at extremely high
speeds. Existing solutions currently available
are expensive and difficult to integrate into sys-
tems. Pasternack’s solution is equally effective
at a fraction of the cost due to its silicon-germa-
nium (SiGe) construction, making it practical
for a wide range of configurations and budgets.
Pasternack Enterprises Inc.,
www.pasternack.com.

Pasternack  in-
troduced new
60 GHz wave-
guide transmit-
ter/receiver
modules  and
development
system. The 60
GHz frequency
range is highly

Programmable Attenuator

YVENDORVIEW

PMI Model No. DTA-14G40G-32-CD-2 is a 10
bit programmable attenuator with step resolu-
tion as low as 0.04 dB which provides over 32
dB of attenua-
tion over the
frequency range
----- - of 14 to 40 GHz.
This model is
offered in a slim

TLOUHE 10 0] gy

MODEL WO DO line housing
e i o measuring  2.0"
X 1.8" X 0.5"

with 2.92 mm

female connec-
tors and operates on a single +15 V DC supply
with only 40 mA of current consumption typically.
Planar Monolithics Industries Inc.,
www.pmi-rf.com.

Notch Filter
Y)VENDORVIEW

Reactel part number 22R7-1580.5-X80S11 is a
highly selective cavity notch filter that elimi-
nates GPS, GLONASS,
COMPASS and BeiDou
signals ~ simultaneously
while allowing a pass-
band up to 3000 MHz.
Reactel manufactures a

wide variety of notch filters which are perfect for
co-location interference; please contact the fac-
tory with your specifications.

Reactel Inc.,

www.reactel.com.

DC-to-DC Converters
Y)VENDORVIEW

Richardson RFPD Inc. announced availability
and full design support capabilities for a large
portfolio of
high-isolation
DC-to-DC con-
verters from
RECOM Power
. Inc.  Designed
‘ specifically ~ for
insulated-gate
bipolar  transis-
tor (IGBT) systems, the converters” asymmetric
outputs of +15 and -9 V make them ideal to
power IGBT drivers, replacing the need for two
converters. The devices are available with input
voltages of 5, 12 and 24 V DC and offer up to
6.4 kV DC/1 sec isolation.
RECOM Power Inc., distributed by
Richardson RFPD Inc.,
WWW.recom-power.com.

E-Band Transceiver Module

YVENDORVIEW

Model SSC-7737731200-1212-C1 is a compact
and cost-effective E-Band transceiver module
operating in the frequency range of 76 to 78
GHz. The module is designed and fabricated
for emerging automotive ~ACC  radar
applications. Tt
can be used as
an FMCW
transceiver  for
speed and dis-
tance measure-
ments or radar target simulators for testing.
Thanks to the built-in X4 active multiplier, the
required local oscillator frequency is 19.0 to
19.5 GHz at +5 dBm.

SAGE Millimeter Inc.,
www.sagemillimeter.com.

SPDT Switch
\YJVENDORVIEW

RFMW Ltd. announces design and sales sup-
port for Skyworks” SKY13446-374LF, a high
isolation SPDT switch covering 0.1 to 6
GHz.  Targeted at
WLAN applications in
the 2.4 to 2.5 GHz and
4.9 to 5.9 GHz bands,
the SKY13446-374LF
offers 38 and 30 dB
typical isolation. Low
insertion loss improves transmit signal efficien-
cy. Excellent EVM performance is attributed to
linearity of 32 to 33 dBm P1dB. The SKY13446-
374LF incorporates two control voltages for Tx/
Rx switching and is packaged in a 1.5 x 1.5 mm
QFN.
Skyworks Solutions,
distributed by RFMW Litd.,
www.skyworksinc.com.

Waveguide High Pass Filter

Spacek Labs model HPF-700 is a waveguide
high pass filter in WR-12 waveguide. This filter
series is designed with a sharp cut off close to
the passband. This filter will pass all of E-Band
down to 71 GHz with an insertion loss of
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April Short Course Webinars

CST Webinar RF and Microwave Education

New Features for MW, RF and Optical Simulation in CST EMC Back to Basics

STUDIO SUITE 2014 Presented by: Agilent Technologies

Live webcast: 4/1/14 Live webcast: 4/16/14

Technical Ed ucation Training Agilent in Aerospace/Defense

Current Induced in Si RFIC Substrates by Spiral Inductors and Effectively Maintain Mission Critical Communication
Patterned Ground Shields Systems

Presented by: Sonnet Software Live webcast: 4/17/14

Live webcast: 4/2/14
FieldFox Handheld Analyzers

Innovations in EDA Techniques for Precise Cable and Antenna Measurements
ADS 2014: New Technologies, New Capabilities & in the Field

Impressive Productivity Improvements Presented by: Agilent Technologies

Presented by: Agilent Technologies Live webcast: 4/23/14

Live webcast: 4/3/14
Technical Education Training

Technical Ed ucation Training Advanced Safety Systems in Automotive Designs
Reduce Size and Prime Power While Increasing Presented by: Isola
Performance with New TriQuint Radar Solutions Live webcast: 4/30/14

Presented by: TriQuint Semiconductor
Live webcast: 4/15/14

Past Webinars On Demand

Technical Education Training Series e EMC Simulation in the Design Flow of Modern Electronics
e Qvercome LTE-A and 802.11ac Manufacturing Test Challenges e Wireless Power Transfer and Microwave Energy Harvesting
with Agilent’s New EXM

e L earn to Make Power Amplifier Tests Faster! Innovations in EDA/Signal Generation & Analysis
 Overcome LTE-A UE Design Test Challenges with Agilent's Series

New UXM Presented by: Agilent EEsof EDA/Agilent Technologies
e Design and Simulation of Modern Radar Systems e Non-Standard Connection Characterization with ATE Systems
¢ PCB Material Selection for High Speed Digital Design e How to Improve PA Performance and Reliability Using
e Improve Overall System Performance with New TriQuint GaN Electro-Thermal Analysis

Products e Tolerance Analysis for Planar Microwave Circuits
e Freescale and Scintera: The Small Cell Transmitter Solution

Provider Agilent in Aerospace/Defense Series
® \What Have You Been Missing in Your Pulsed Network Ana- ¢ Understanding Low Phase Noise Signals

lyzer Measurements?
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NewProducts

1.5 dB typical and 2 dB
max. The reject band is
</= 68 GHz, with 20 dB
rejection at 68 GHz and
40 dB at </=67 GHz.
Spacek Labs offers this
HPF series of filters up
to 110 GHz.

Spacek Labs Inc.,
www.spaceklabs.com.

Coaxial Circulator

Model F2585-0203-67 is an octave band SMA
connectorized circulator covering 1.35 to 2.7
GHz frequency range.
It features 0.6 dB inser-
tion loss, 17 dB reverse
isolation and 1.35:1
VSWR, and can handle
50 W of CW power.
The package size of the
circulator is  2.0" x

1.949" x 0.748".
Wenteq Microwave,

www.wenteq.com.

4-Way Combiner/Divider
\VENDORVIEW

Werlatone’s  newest
addition to its 20 to
1000 MHz family of
products is the Model
D9317. This 200 W
CW, 4-way combiner
operates  with less
than 0.7 dB insertion
loss, and a minimum
of 15 dB isolation. Measuring just 3.75" x 3.75"
% 0.9", the D9317 is ideal for combining four 50
W modules. The unit has an operating tempera-
ture of -55° to +85°C and can be supplied with
all SMA female connectors.

Werlatone,

www.werlatone.com.

Cables &

Connectors

P-SMP Interconnection

The P-SMP board-to-board interconnection
provides excellent continuous power handling
of up to 200 W at 2.2 GHz. It is built as a three
E components
""a“: concept:  two
. PCB or panel
J types,  assem-
bled with an
adaptor — ‘bul-
let’. The mini-
mum  distance
of the P-SMP interconnection is 12.6 mm. Typ-
ically one PCB board is equipped with a snap-
on PCB type — the Timited detent’ type — the
second PCB board with a slide-on version, is
the “smooth bore’ type. Excellent RF capabili-
ties make P-SMP connectors ideal for applica-
tions up to 10 GHz.
IMS Connector Systems,
www.imscs.com.

Antenna

C-Band Antenna

mWAVE Industries’ model RPD4-48-N, a 4'
dual linear polarized 4.40 to 5.25 GHz antenna,
utilizes a self supporting monopod feed support
for reduced blockage.
The antenna comes
standard with a mount
for pipes. It was de-
signed for use in the C-
Band telemetry indus-
try but can be used for
any other communica-
tions requirement with-
in the operating band
and capabilities of the antenna. The RF inputs
are Type N female connectors and are located
behind the vertex of the main reflector.
mWAVE Industries LLC,
www.mwavellc.com.

Test Equipment

Waveform Generators

Y)VENDORVIEW

Agilent’s 33600A Series, which comprises four
different one- and two-channel models, can
generate waveforms up to 120 MHz at a 1 GSa/s
sampling rate. The waveform generators pro-
vide the lowest jitter (less than 1 ps jitter, or
200x  better than previous generation
direct digital
synthesis gener-
ators) and low-
est total har-
monic distortion
in their class,
giving engineers
the ability to
generate the ex-
act signals they need. With total harmonic dis-
tortion less than 0.03 percent and non-harmon-
ic spurs below -75 dBc, the 33600A Series of-
fers clean signals that don’t introduce noise.
Agilent Technologies Inc.,

www.agilent.com.
1/Q Analyzer

Narda Safety Test Solutions has equipped the
second generation of its Interference and Di-
rection Analyzer with I/Q analyzer functions.
Based on the 1/Q data, the device generates
high resolution spectrograms, persistence spec-
trums and time domain displays that were pre-
viously only available from high cost laboratory
instruments. Radio spectrum interference and
impairments can thus be detected and analyzed
on the spot.

Narda Safety Test Solutions,
www.narda-sts.com.
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MICRO-ADS

RF Amplifiers, Isolators and
Circulators from 20MHz to 40GHz

> Super low noise RF

amplifiers B

> Broadband low noise W sk
amplifiers o £

> Input PIN diode protected low ‘i - _,ﬂ"“
noise amplifiers ” .'fw

» 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

AST:S 0UTDOORISWITCHES
For'all outdoor & severe'weather, applications
Wenteq Microwave Corporation
754 Fortune Crescent, Kingston, ON, K7P 2T3, Canada 138 W Pomona Ave, Monrovia, CA 91016
Tel: 613/384 3939 - e-mail: info@astswitch.com . IP“""lei(@gZG‘ 305'6665‘;5;1 (626) 602:3101
w w w : A s T s w | T c I'I . c 0 M ‘mail: sales@wenteqg.com, Website: www.wenteg.com

REVOLUTIONARY
HERMETIC SMP CONNECTORS

These SMPs meet the requirements of
Since 1961 MIL-STD-348, but utiize unique housing

H I G H R E L interface features, which significantly improves
reliability and production assembly yields.

Proprietary techniques are used to independentl
Avtth offers over 500 standard mgdels Wavegl“de SWItChes cgntro\rélating tﬂiokmess on pin and hgusing /
of high-speed pulse generators, drivers, WR].O th WR975 '
amplifiers and accessories ideal for both ru

R&D and automated factory-floor testing. s
Some of our standard models include:

Ground - Sea
, Air-Space
AVR-EBA4-B: for reverse-recovery time tests

AV-156F-B: for airbag initiator tests
AVO-9A-B: for pulsed laser diode tests
AV-151J-B: for piezoelectric tests

AVOZ-D2-B: for production testing attenuators
AVR-DV1-B: for phototriac dV/dt tests

For use with Aluminum, Kovar

Avtech Electrosystems Ltd. and other package materials

http://lwww.avtechpulse.com/

- VALUE - QUALITY: - .FAST DELIVERY
AVTECH p: 561-842-3550
-3 IOGUS*comp:

f: 561-842-2196

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

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

New for 2014 SECTOR MICROWAVE

INDUSTRIES, INC Wnah T fechnolocrre_,

I-requen-::y Mattors

+3.5dB N 40 Gh
1 Power up to +zo§
dB gain bloc
Power up to +15 dBm

Find Reps, Engineers and
Used Equipment.
Post your listing on the new
MW.J classified section

¥ F B

(916) 773-4424.PH N(016) 760-2770 Fx

www.mwijournal.com/classifieds www.wirighttec.com
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BookEnd

Envelope Tracking Power
Amplifiers for Wireless
Communications

Zhancang Wang

igher peak to average pow-
er ratio requirements of
modern  communications
systems have negatively impacted
power amplifier efficiency over the
years. Envelope tracking technology
is seen as one of the most promis-
ing efficiency enhancement tech-
nologies for RF power amplifiers
for newer 4G and beyond wireless
communication systems. Therefore
many organizations are investing
and researching this topic that has
a large potential reward in commer-
cial and military applications.
Envelope Tracking Power Am-
plifiers for Wireless Communica-

ARTECH HOUSE

tions is one of the first books on
the market to offer a complete
introduction, theory and design
considerations on envelope track-
ing for wireless communications.
It presents a full introduction and
covers underlying theory and prac-
tical design considerations includ-
ing high efficiency power amplifier
architectures and devices; envelope
tracking power amplifier basics; en-
velope generation and alignment;
supply modulator for envelope
tracking; power amplifier for en-
velope tracking; digital front end
design for envelope tracking; and
experimental methodologies and
measurements for envelope track-
ing. One new method presented is
nested and multi-nested envelope
tracking to preserve the benefits of
the combined hybrid supply modu-
lator for higher efficiency.

Envelope Tracking Power Ampli-
fers for Wireless Communications
covers many advanced design tech-
niques for thorough coverage of en-
velope tracking and related subjects.
Therefore it offers designers a full
reference guide on the subject so is
appropriate for engineers, designers
and students interested in complete
coverage of the subject. This book
will publish in June 2014 but is on
sale for pre-order at 25% off.

To order this book, contact:

Artech House
685 Canton St., Norwood, MA 02062
(800) 225-9977
or
16 Sussex St., London, SW1V 4RW, UK
+44 (0) 20 7596 8750

400 pages, $179 (on sale for pre-order at
$143.30, June release)
ISBN: 978-1-60807-784-7

Maximize Your

Microwave Know-How!

Filter Synthesis Using
Genesys S/Filter
Randall W. Rhea

Hardcover. 327 pp. 2014
ISBN: 978-1-60807-802-8
$129/£89

Mlﬂﬁ
CIHEU[MF
DES |GH

{1 NOIS30 BODYMTIHG 3mveouom, e

Microwave Circulator Design,
Second Edition

Douglas K. Linkhart

Hardcover. 378 pp. 2014

ISBN: 978-1-60807-583-6

$149/£99

us:
or 1-781-769-9750, ext. 4030
Fax to: 1-781-769-6334

E-mail to:_artech@ArtechHouse.com

Call 1-800-225-9977 (in the U.S. or Canada),

UK: call +44 (0)20 7596 8750

Fax to: +44 (0)20 7630-0166

E-mail to: artech-uk@ArtechHouse.com

e g g sy
T Ly

Microwave and Millimeter-Wave
Electronic Packaging

Rick Sturdivant

Hardcover. 280 pp. 2013

ISBN: 978-1-60807-697-0

$149/£99

For complete descriptions and to order, visit

ArtechHouse.com

All orders plus shipping/handling and applicable taxes.

ARTECH HOUSE

BOSTON | LONDON
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685 Canton Street, Norwood, MA 02062 USA

16 Sussex Street, London SW1V 4RW UK
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ea. (qty.1-9) DC tO 18 GHZ

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 add up!

from

Excellent return loss, low insertion loss, DC-18 GHz. Across
their entire bandwidth, Hand Flex cables deliver excellent
return loss (>26 dB typ for up to 50" runs) and low insertion
loss (0.2 dB typ at 9 GHz for a 3-inch cable). So why
waste time measuring and bending semi-rigid cables,
when you can easily install a Hand Flex interconnect?

Hand Flex Cables conform to
any shape required.

Two popular diameters tofit your needs.
Hand Flex cables are available in 0.086" or 0.141" diameters,
witha turn radius of 6 or 8 mm, respectively. Straight SMA
connectors are standard, and now we’ve added right-angle
connectors to our Hand Flex lineup, for applications with
tightly-packed components.

Standard lengths in stock, custom models available.
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, or two-right-angle models, are also available
by preorder. Check out our website for details, and simplify your
high-frequency connections with Hand Flex!  ¢)RoHS compliant

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003

(718) 934-4500 sales@minicircuits.com
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MMIC Amplifier [mim-ik - am-pluh-fahy-er]

A Monolithic Microwave Integrated Circuit Amplifier (MMIC amp) combines tran-
sistors and passive devices (resistors, capacitors, etc.) on the semiconductor sub-
strate and is widely used in telecommunications to amplify microwave signals for
transmission or improved signal processing at the receiver. The input and output
impedances of a MMIC amplifier are frequently matched to a characteristic imped-
ance of 50 ohms, making them easier to use by eliminating the need for external
matching networks between cascaded devices.

The DeFor-
est audion, a thermionic
vacuum tube, offers a
means of electronically
generating and control-
ling RF signals. L]

Austro-Hun-
garian physicist Julius
Edgar Lilienfeld files a
patent in Canada, “Method
and apparatus for control-
ling electric current,” the first
describing a device similar to
a MESFET.

AT&T Bell Lab sci-
entists John Bardeen and Walter
Brattain led by William Shockley
invent the first transistor using
gold point contacts applied to a

-Juiz ¢

STEM Works recognizes

MACOM.
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for its support of
science education.
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crystal of germanium, thereby
producing a signal with the
output power greater than the
input.

Jack Kilby in-
vents the integrated circuit at
Texas Instruments for which
he later wins the Nobel Prize
in Physics (2000).

The first GaAs
MESFETs are realized, dem-
onstrating superior perfor-
mance over GaAs bipolar
transistors. Plessey Research
(Caswell) fabricates a 4 um
gate length device that pro-
duces 10 dB gain at 1 GHz.

Ray
Pengelly and James
Turner of Plessey publish
“Monolithic Broadband
GaAs FET Amplifiers,’
describing a single-stage
amplifier that provided
5 dB of gain at X-Band
using 1 micron optically-
written gates.

Jamison et al.
present a MMIC amplifier us-
ing a planar spiral transformer.
Strid and Gleason present a
paper describing a DC to 12
GHz broadband amplifier us-
ing the travelling-wave (or dis-
tributed) amplifier technique.

A 0.25 um GaAs
LNA MMIC for DBS receiver
becomes the world’s first mass
market product based on HEMT
technology.The following year,
worldwide production of HEMT
receivers reaches 20 million/year.
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Power Meters from
Rohde & Schwarz.

For decades, RF professionals have trusted power measurement
solutions from Rohde & Schwarz. With their unrivaled speed and
fidelity, the R&S®NRP-Z8x USB wideband power sensors are the
market leaders.

More to explore:
www.rohde-schwarz.com/ad/powersensors
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1 World's fastest
1 More than

9500 measurements/s
1 USB capable
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@ WERLATONE"
Mismatch Tolerant®

HIGH POWER COMBINERS  ° Power Levels to 20 kW CW

® |ow Insertion Loss
e Isolated and Non-Isolated Designs

B I G S I U F F ' ® Rack Mount, Drawer Mount, Radial Type
® * Coherent and Non-Coherent Combining

Scan page
using lay Ty app

A few of our Customer driven designs.
[ Model Type Frequency Power Insertion Loss  Isolation Size )
T (WHz)  (Wew)  (dB)  (B) (inches)
Product Search 08265 2-Way 1-50 5,000 0.3 20 15.5 x 15 x 5.25
For curent designs p2a7s E-Way 1.5-30 f, 000 0.2 20 15.5x 11,75 x 5.25
N8969 2-Way 1.5-30 12,500 0.2 20 17x17 %8
Request a quote 06139 4-Way 1.5-32 5,000 0.25 20 13%x11%5
De774 4-Way 1.5-32 20,000 0.3 20 21 x17.25 x 11
Fur custom specs D6846 6-Way 1.5-30 4,000 0.35 20 3U, 19" Rack
. 08421 8-Way 1.5-30 12,000 0.3 20 22.5 x 19.5 x 8.75
';"’;gﬂmg& : T;t-ﬂ ] 07685 4-Way 2-100 2,500 0.5 20 14.75%13 %7
Fart:l:; Gn‘”;fv 12;?0.3 02786 4-Way 20-150 4,000 0.5 20 18x17 %5
F B45.278.3440 H7521  2-Way (180%) 200-400 2,500 0.3 20 15x10x2
www.werlatone.com | D7502 2-Way 400-1000 2,500 0.25 NI* 9,38 x 3.12 % 1.25 )

*NI = No Isolating Terminations

Mismatch Tolerant” is a registered trademark of Werlatone, Inc.

Directional Couplers 0° Combiners/Dividers 90° Hybrid Couplers 180° Hybrid Combiners Absorptive Filters
Semiconductors « First Response « Medical « In-Building « Military Comm and EW
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