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

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

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

(…110 GHz to be exact.)

Picoprobe elevates probe cards to a higher level…

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

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

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

Typical Specs
Insertion Loss
Return Loss

20GHz
0.8 dB
18 dB

10GHz
0.6 dB
22 dB

40GHz
1.3 dB
15 dB

GGB INDUSTRIES, INC.     •     P.O. BOX 10958     •     NAPLES, FL 34101
Telephone  (239) 643-4400     •     Fax   (239) 643-4403     •     E-mail  email@ggb.com     •    www.picoprobe.com
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The Industry’s Largest Selection includes THOUSANDS  
of models, from 2 kHz to 18 GHz, at up to 300 watts power, and in coaxial, 

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

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

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

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

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

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

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

So why wait? Take a look at minicircuits.com today! 
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RoHS Compliant 
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Waveguide Isolators Power Combiners Coaxial Circulators
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Teledyne’s ACP20015 Ultra-Broadband Amplifier
2.0 - 20.0 GHz, 10 dB gain, 16.0 dBm typical 
output power.   Military or space-level 
manufacturing/screening available. EAR-99.

250W to 1kW 
X-Band Solid State 

Power Amplifier (SSPA)
Available with 1GHz BW 

anywhere in the 8-11GHz band.  
250W, 500W & 1000W peak output power.

Ultra Low Phase Noise YIG Oscillators
covering multi-octave bands up to 18GHz. Surface Mount or

connectorized packages for commercial & military applications.

teledynemicrowave.com • 1.800.832.6869 or +1.650-962.6944

Amplifiers • TWTs •  YIG Products • Filters  • Components 

Receiver Products • Integrated Assemblies

Custom Solutions • SATCOM Products

Space Qualified • Value Added Services

With heritage 

from seven leading

microwave companies,

Teledyne 
Microwave Solutions 

leverages broad-ranging 

capabilities to research, 

design, develop, and 

manufacture products 

from RF through 220 GHz.    

Microwave solutions
for your demanding 

requirements

Join us at Satellite 2014
Booth #7033

Washington D.C. • March 11-14, 2013
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One’s all battle. One’s all business.

Both are ready to ship.

Whether you’re designing 

for the battlefield or a 

demanding DAS application 

requiring reverse polarity, 

Aeroflex / Inmet has the 

rugged, low-power attenua-

tor you need, in stock and 

ready to ship. These new 

additions to our extensive 

line of coaxial attenuators 

feature the same Inmet 

quality and pricing you’ve 

come to expect. 

Attenuation Accuracy:
 0 to 10 dB:   ± 0.5 dB
 12, 15, 20 dB:  ± 0.7 dB
 30 dB:  ± 0.9 dB
 40 dB:  ± 1.5 dB

VSWR:  1.20:1 Max.

Impedance:  50 Ohms

They’re delivered with high- 

performance, passivated 

stainless-steel, SMA  

connectors featuring  

gold-plated, beryllium- 

copper conductors.

Call or visit our website to 

order today. 

888-244-6638 

www.aeroflex.com/inmet

Models 6FH & 18FH
6 and 18 GHz Full Hex 

2-Watt Attenuators

Model AHC/RP
6 GHz Reverse-Polarity 

2-Watt Attenuator
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6GHz Mixer Delivers 32dBm OIP3

  Features

High Level Integration with LO Buffer,
IF Amplifier and Balun Transformer

With its high level of integration, the LTC®5544 brings an unprecedented level of compactness, ease of use and outstanding 
performance that you can count on.

www.linear.com/product/LTC5544
1-800-4-LINEAR
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registered trademarks of Linear Technology Corporation. All other 
trademarks are the property of their respective owners.

Wideband Conversion Gain, IIP3,
NF at 240MHz IF

• 4 to 6GHz Frequency Range

• 32.2dBm OIP3 at 5.8GHz

• 14.6dBm P1dB

• 2dBm LO Drive

• 50Ω Matched Single-Ended RF and
 LO Inputs

• Outstanding Blocking Performance

• IF Output up to 1GHz
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Finally speed, certainty and 
longevity converge.

Download Accelerate RF Power Amp Test app note now!
www.agilent.com/find/RF-PXI-VSA

No other RF test solution comes close in measurement continuity from 
R&D to manufacturing.  
The NEW Agilent M9391A PXIe Vector Signal Analyzer with X-Series 
measurement applications for modular instruments provide full support 
of your critical cellular and wireless standards. The PXI hardware provides 
industry-recognized Agilent measurement accuracy. It’s easily upgradeable 
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Be ready for RF testing today and tomorrow.

u.s. 1-800-829-4444   canada: 1-877-894-4414   
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Mini-Circuits®

www.minicircuits.com    P.O. Box 35166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com
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0.25 to 6400 MHz     
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!       

 SIGNAL 
GENERATORS

To fit your budget. 

from

$1995ea.
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 SSG-4000LH  $2,395
• 250 to 4000 MHz
• -60 to +10 dBm Pout
• Pulse modulation
• Low harmonics (-66 dBc typ.)
• USB control

 SSG-4000HP $1,995           

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

 SSG-6000RC  $2,795                 
•  25 to 6000 MHz
• -60 to +10 dBm Pout
•  Pulse modulation
• USB and Ethernet control

 SSG-6000  $2,695
•  25 to 6000 MHz
• -60 to +10 dBm Pout
•  Pulse modulation
• USB control

New

• 250 to 4000 MHz
• High power, -50 to +20 dBm Pout
• Pulse modulation
• USB control

Models Available from Stock at Low Prices!
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FEBRUARY

SPACOMM 2014
6TH INTERNATIONAL CONFERENCE ON ADVANCES 
IN SATELLITE AND SPACE COMMUNICATIONS
February 23–27, 2014 • Nice, France
www.iaria.org

MWC 2014 
MOBILE WORLD CONGRESS
February 24–27, 2014 • Barcelona, Spain
www.mobileworldcongress.com

NATE UNITE 2014
ANNUAL CONFERENCE FOR THE NATIONAL 
ASSOCIATION OF TOWER ERECTORS
February 24–27, 2014 • San Diego, CA
www.natehome.com/annual-conference

MARCH

ISQED 2014
INTERNATIONAL SYMPOSIUM ON QUALITY 
ELECTRONIC DESIGN
March 3–5, 2014 • Santa Clara, CA
www.isqed.org

SATELLITE 2014
March 10–13, 2014 • Washington D.C.
www.satellite2014.com

DPC 2014
10TH ANNUAL DEVICE PACKAGING CONFERENCE 
March 10–13, 2014 • Fountain Hills, AZ
www.imaps.org/devicepackaging

TAEECE 2014
2ND INTERNATIONAL CONFERENCE ON 
TECHNOLOGICAL ADVANCES IN ELECTRICAL, 
ELECTRONICS AND COMPUTER ENGINEERING
March 18–20, 2014 • Kuala Lumpur, Malaysia 
www.sdiwc.net/conferences/2014/taeece2014

MICROWAVE & RF 2014
March 19–20, 2014 • Paris, France
www.microwave-rf.com

ACES 2014
30TH INTERNATIONAL REVIEW OF PROGRESS IN 
APPLIED COMPUTATIONAL ELECTROMAGNETICS
March 23–27, 2014 • Jacksonville, FL
www.aces-society.org/conference/2014

IWCE 2014
INTERNATIONAL WIRELESS COMMUNICATIONS 
EXPO
March 24–28, 2014 • Las Vegas, NV 
www.iwceexpo.com

GOMACTECH 2014
GOVERNMENT MICROCIRCUIT APPLICATIONS & 
CRITICAL TECHNOLOGY CONFERENCE
March 31–April 3, 2014 • Charleston, SC
www.gomactech.net

CALL FOR PAPERS
EuMW 2014 Defence, Security 

and Space Forum
March 14, 2014
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APRIL

SPACE TECH EXPO 2014
April 1–3, 2014 • Long Beach, CA
www.spacetechexpo.com

INMMIC 2014
INTERNATIONAL WORKSHOP ON INTEGRATED 
NONLINEAR MICROWAVE AND MILLIMETRE-WAVE 
CIRCUITS

April 2–4, 2014 • Leuven, Belgium

www.inmmic.org

IDGA MILITARY RADAR SUMMIT 2014
April 7–9, 2014 • Washington D.C.

www.militaryradarsummit.com

EDI CON 2014
ELECTRONIC DESIGN INNOVATION CONFERENCE
April 8–10, 2014 • Beijing, China
www.ediconchina.com

MAY

EW EUROPE 2014
ELECTRONIC WARFARE EUROPE
May 13–15, 2014 • Edinburgh, United Kingdom
www.eweurope.com

NEMO 2014 
INTERNATIONAL CONFERENCE ON NUMERICAL 
ELECTROMAGNETIC MODELING AND OPTIMIZATION 
FOR RF, MICROWAVE AND TERAHERTZ 
APPLICATIONS
May 14–16, 2014 • Pavia, Italy
www.nemo-ieee.org

CS MANTECH 2014
INTERNATIONAL CONFERENCE ON COMPOUND 
SEMICONDUCTOR MANUFACTURING TECHNOLOGY
May 19–22, 2014 • Denver, CO
www.csmantech.org

JUNE

RFIC 2014
IEEE RADIO FREQUENCY CIRCUITS SYMPOSIUM
June 1–3, 2014 • Tampa, FL
www.rfi c-ieee.org

IMS 2014
IEEE INTERNATIONAL MICROWAVE SYMPOSIUM
June 1–6, 2014 • Tampa, FL
www.ims2014.org

83RD ARFTG MICROWAVE MEASUREMENT 
SYMPOSIUM
June 6, 2014 • Tampa, FL
www.arftg.org

WAMICON 2014
IEEE WIRELESS AND MICROWAVE TECHNOLOGY 
CONFERENCE
June 6, 2014 • Tampa, FL
www.wamicon.org

ISPSD 2014
INTERNATIONAL SYMPOSIUM ON POWER 
SEMICONDUCTOR DEVICES AND ICS
June 15–19, 2014 • Waikoloa, HI
www.ispsd.org

.  Maximum Input Power 1W CW,
        100 W Peak
.  Options for Leakage Levels
        -10 dBm
        -  5 dBm
           0 dBm
        + 5 dBm
.  Removable connectors for
        circuit board assembly 
.  Ideal for LNA Protection

    155 Baytech Drive, San Jose, CA  95134  
Tel:  (408) 941-8399 .  Fax: (408) 941-8388
               Email:  Info@herotek.com    
             Website:  www.herotek.com  
               Visa/Mastercard Accepted

Other Products:  Detectors, Limiters, 
Amplifiers,  Switches,  Comb Generators,
Impulse Generators, Multipliers, 
Integrated Subassemblies 

      Please call for Detailed Brochures

Notes:  
1.  DC Supply required:  +5V, 5mA Typ.
2. Typical and nominal leakage levels 
    for input up to 1W CW.             
3. Threshold level is the input power 
     level when output power is 1dB 
     compressed.

(Leakage Level as low as -10 dBm)
             0.01 - 18 GHz

    LOW LEAKAGE    
LEVEL LIMITERS
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The Future of 
mm-wave Packaging
Liam Devlin
Plextek RF Integration, Great Chesterford, UK

The mass market for consumer wireless 
products led to the development of 
low cost packaging technology suitable 

for use at RF frequencies. As the market de-
veloped, there was a drive for miniaturization 
that helped reduce package parasitics, which 
assisted in pushing up the maximum operating 
frequency. ICs are now readily available in sur-
face mount technology (SMT) packages with 
maximum operating frequencies of around 40 
to 45 GHz. Further development work is now 
on-going to push the upper operating frequen-
cy of SMT packaged MMICs still higher. Of 
particular interest is SMT packaging for use at 
V-Band (to address the ISM bands around 60 
GHz), for automotive applications at 77 and 79 
GHz and for E-Band applications at 71 to 76 
and 81 to 86 GHz. This article discusses the 
challenges of meeting these requirements and 
looks at the potential approaches that could be 
used to address them.

The most popular package style for micro-
wave frequency ICs is the quad fl at no-leads 

(QFN). Figure 1 shows a bare 
die microwave amplifi er MMIC 
and two QFN packaged parts 
containing the same die type. 
The exposed paddle on the un-
derside of the QFN package is 
normally the ground connection 

and is connected to the backside of the die. 
It is clear that the use of the bare die would 
still offer the ultimate in size reduction but the 
use of an SMT packaged component means 
that assembly and handling is comparatively 
straightforward. This facilitates reduced prod-
uct cost for high volume applications and is 
why so much effort is being devoted to extend-
ing the frequency range of SMT packaging to 
still higher mm-wave frequencies.

For frequencies up to around 20 GHz, 
traditional over-moulded plastic packaging is 
normally used. In this case, the plastic mould-
ing compound is in direct contact with the 
surface of the die. As operating frequencies 
increase,  air-fi lled plastic cavity packages also 
start to be used and at still higher frequencies, 
laminate or liquid crystal polymer1 (LCP) 
based packages can be used to achieve opti-
mum performance whilst still retaining the 
same QFN footprint.2

The two biggest challenges in SMT packag-
ing of mm-wave ICs are tolerating the series 
inductance of the RF signal bonds and toler-
ating the overall grounding inductance (IC, 
package and PCB). With QFN packaged mi-
crowave ICs, the solid metal base provides a 
low grounding inductance for the package 
itself. The grounding inductance of the PCB, 
which often dominates, is minimised by:
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 Fig. 1  Microwave amplifi er IC, QFN 
packaged and bare die.

liam devlin, CEo of Plextek RF Integration
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Components don’t exist in electromag-
netic isolation. They influence their 
neighbors’ performance. They are affected 
by the enclosure or structure around them. 
They are susceptible to outside influences. 
With System Assembly and Modeling, 
CST STUDIO SUITE helps optimize com-
ponent and system performance.

Involved in antenna development? You 
can read about how CST technology is 
used to simulate antenna performance at 
www.cst.com/antenna. 

If you’re more interested in filters, cou-
plers, planar and multilayer structures, 
we’ve a wide variety of worked applica-
tion examples live on our website at 
www.cst.com/apps.  

Get the big picture of what’s really going 
on. Ensure your product and components 
perform in the toughest of environments.

Choose CST STUDIO SUITE –  
Complete Technology for 3D EM.

Make the Connection
Find the simple way through complex  
EM systems with CST STUDIO SUITE

CST SUCCESS STORY

www.cst.com

PULSE ELECTRONICS IMPROVES ANTENNA 
EVALUATION AND REDUCES PRODUCT DESIGN 
LEAD TIME WITH CST MICROWAVE STUDIO
Heikki Korva, Team Manager, RF, Pulse Electronics Wireless Division

Figure 1 LTE antenna audio-module, from simulation to mass production. 

Pulse Electronics Mobile Division produces compact antennas  
for mobile communications and networking. Mobile antennas 
need to function in complex and mechanically limited environ-
ments, and so most antennas used today are specially designed 
and customer-specific.

The antenna is one of the first electromechanical components 
considered in a new product concept design. In the past, most  
of the R&D work was done in the laboratory, with the engineers 
constructing and testing different antenna designs for customers’ 
products. While this is still a good approach for single antenna 
systems, the introduction of LTE diversity schemes and other radio 
systems such as Wi-Fi and GPS to current smartphones make reli-
able prototype evaluation very challenging.

Antenna prototypes typically include the device ground, PCBs, 
batteries, covers and any other large parts. Obviously, early 
prototypes seldom include any active transceivers, and so each 
antenna must be driven from an external coaxial cable. A typical 
LTE smartphone, with its main and diversity antennas, GPS and 
GLONASS systems and 2.4 GHz and 5 GHz WLAN capabilities,  
can need 7 or 8 cables to measure all the components at once. 
These cables would occupy too much of the volume of the pro-
totypes, and severely distort the evaluation results. With electro-
magnetic simulation, the performance of a complex device can 
be calculated without worrying about these cable effects. 

An example of an antenna product designed using only 
CST MICROWAVE STUDIO® (CST MWS) is shown in Figure 1.

About Pulse Electronics Wireless Division

Pulse Electronics boosts appealing mobile devices by pro-
viding intelligent antenna design and manufacturing solu-
tions for handsets, tablets, laptops, small cell base stations 
and PMR.

Our aim is to optimize antenna designs for complex multi-
radio environments under all circumstances. The carefully 
developed Pulse solutions truly delight end users.

Pulse has delivered close to 2 billion antennas to the leading 
manufacturers of mobile devices. Pulse Wireless Division is 
headquartered in San Diego, USA, and has sites in Finland, 
China, South Korea, and Taiwan.

www.pulseelectronics.com

Find out how Pulse Electronics 
improves antenna evaluation and 
reduces product design lead time with 
CST MICROWAVE STUDIO.
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When amplifi er designers 

asked, Rogers listened and 
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frequency laminates. These 

thermoset materials feature a 
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processing in a laminate with a 

dielectric constant of 6.15. 

RO4360G2 laminates deliver 
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conductivity sought by amplifi er 
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plications, RO4360G2 laminates 

can be processed similar to FR-4 & 

support lead-free, RoHS-compliant 

manufacturing practices. 

Visit www.rogerscorp.com/acm to learn more about our full line of High Frequency Laminates

Features
• High dielectric constant

• Low loss

• High thermal conductivity

• Low Z-axis CTE (30 PPM/ºC)   
 for reliable PTHs

Total Cost Solution
• Priced better than alternatives

• Low fabrication cost

Ease of Fabrication
• Ideal for multilayer circuits

• Suitable for automated   
 assembly lines

• Processes similar to FR-4

• Lead free, RoHS compliant

Advanced Circuit Materials

The world runs better with Rogers.®
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GaN Portfolio Arms
Modern Battlefield

Expanding transistor family enables next-generation, 
integrated radar and communications systems

Our growing GaN portfolio includes 5w-90w 
transistors in DFN and SOT-89 plastic packaging, 
1000 w ceramic packages and L-, S-band fully 
matched modules.

We offer dual sourcing for the surety of supply 
to enable mainstream adoption of this break-
through GaN technology.

Order samples and get more information at 
www.macomtech.com/gan

Ceramic Flanged & Flangeless

14x24 Plastic SMD

3x6 DFN Surface Mount

2.5x4.5 SOT-89

MACOM GaN transistors improve upon the 
high-power handling and voltage operation of 
LDMOS with the high-frequency performance 
of GaAs. Improved efficiency, density and band-
width give your applications greater power in a 
smaller footprint.

Leveraging deep experience in RF, MACOM 
engineers are expanding our power transistor 
family to fuel the future of military and com-
mercial radar. These rugged devices deliver 
greater flexibility and multi-function capability 
in your radar communications. 
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                        *In Development
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MostValuableProduct

One of the trends in today’s electronic 
instruments evolution is that technolo-
gy is getting smaller, faster and cheaper 

every day. This trend spreads from a smartphone 
(that is smaller but more powerful than a typical 
PC of just a decade ago) to complex RF/micro-
wave measurement instruments. The frequency 
synthesizer is a key element that generates a 
stimulus signal or is used as a local oscillator in 
a variety of up- and down-conversion schemes. 
The industry feels persistent pressure to de-
liver higher-performance, higher-functionality, 
smaller-size and lower-cost synthesizer designs. 
Obviously, wide frequency coverage and small 
step size are the key synthesizer design targets. 
Aside from frequency coverage and resolution, a 
synthesizer’s spectral purity (i.e., phase noise and 
spurs) is the primary evil that ultimately limits 
the performance of any system. More recently, 
switching speed has become a signifi cant player 
in this game as well. Newer RF/microwave sys-
tems require faster switching due to the ongoing 
increase of data fl ow. Finally, everything should be 
packed into a tiny footprint that can support new 
instrument platforms or design ideas.

These design targets present certain techno-
logical challenges. Historically, high-performance 

PLL synthesizers have relied on YIG-tuned oscil-
lators featuring broadband operation and excel-
lent phase noise characteristics. However, the 
high power consumption, large size and espe-
cially slow tuning speed, inherent to YIG oscil-
lators, have contributed to a shift to solid-state 
VCO architectures. VCO-based synthesizers are 
signifi cantly faster; however, their phase noise has 
traditionally been considered to be inferior when 
compared to YIG-based designs.

To address these requirements, Phase Matrix 
introduced the QuickSyn series of microwave 
frequency synthesizers in late 2008. The em-
ployed patented architecture provides a unique 
combination of fast-switching speed and low 
phase noise characteristics. The main idea is to 
substitute a slow-tuning, bulky and expensive 
YIG oscillator with a tiny VCO that can easily 
support microsecond tuning. Excessive phase 
noise (traditionally associated with VCO devic-
es) is washed out by utilizing an ultra wideband 
PLL scheme in conjunction with a low-noise ref-
erence source. Thus, the QuickSyn synthesizer 
combines microsecond-range tuning and low 
phase noise, which is somewhat comparable to 
top-rated signal generators. Although the de-
sign is essentially a fraction of the size of a tra-
ditional bench-top or rack-mount instrument, it 
offers many of the same features as larger units. 
In fact, the QuickSyn provides all major modula-
tion capabilities (AM, FM, phase and pulse), pow-
er leveling and control, frequency and power 
sweep, list mode, and many other functions that 
are usually found in complex test and measure-
ment instruments.

Despite this high performance, the fi rst 
QuickSyn synthesizer still leaves room for fur-
ther improvements. The new, recently intro-
duced QuickSyn Lite synthesizers are less than 
half the size of the full featured models, yet offer 
remarkable characteristics. This product is avail-
able in two models, the FSL-0010 and FSL-0020, 
covering the 0.65 to 10 GHz and 0.65 to 20 

Phase Matrix, a National Instruments Company, Santa Clara, CA
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Smaller, Faster, 
Cheaper Synthesizers

 Fig. 1  Phase noise performance.
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For Better SWaP, 
Choose GaN

in plastic high power transistors. 
Packaged in a convenient 3×6 mm 
plastic package and well suited for 
pulsed radar, TDMA amplifiers, ul-
tra wideband power amplifiers, and 
high power SatCom applications, the 
wideband transistors should compete 
well against traditional GaAs devices, 
thanks to GaN’s higher power density.

Microsemi is focused on high 
pulsed power products for avionics 
and radar. Its 1011GN-700ELM 
GaN power transistor is 
specifically designed for 
extended length mes-
sage Mode-S tran-
sponders and is ca-
pable of delivering 
700 W of pulsed 
peak power and 
over 21 dB power 
gain with greater 
than 70 per-
cent efficiency 
at 1030 MHz. 
For S-Band ra-
dar applications, 
there is the Microsemi 
2729GN-500, offer-
ing 12 dB gain, 500 
W of pulsed 
RF output 

Today’s GaN-based products are 
rising to the challenge of rap-
idly evolving demands for size, 

reliability, linearity, power density and 
energy efficiency, by providing RF 
system engineers with the flexibility 
to achieve significantly higher power 
and efficiency, with lower part count, 
board space and resultant cost. GaN 
technology is suited to meet today’s 
size, weight and power (SWaP) de-
mands better than traditional technol-
ogies like GaAs because GaN offers:
•	  Higher power densities leading 

to reduced combining losses for a 
given power target

•	 Increased efficiency over frequency
•	  Ability to maintain high perfor-

mance over wide bandwidths
•	  Higher thermal conductivity/lower 

thermal resistance (GaN on SiC)
GaN has better thermal proper-

ties than competing GaAs technolo-
gies. Thermal conductivity for SiC is 
roughly 4× that of GaAs. An added 
benefit is that GaN can support the 
million hour MTTF reliability bench-
mark at a junction temperature of 
200°C or higher versus 150°C for 
GaAs. These thermal advantages do 
not solve the thermal problem at the 
system level; however, they bring the 
thermal management concern down 
to a reasonable design trade-off for 
the system engineer.

To date, the defense industry has 
benefitted most from advances in 
GaN technology, primarily due to 
the pulse and continuous wave 
GaN power devices from sup-
pliers like Macom, Microsemi, 
Nitronex, TriQuint and UMS.

Macom recently an-
nounced its portfolio of GaN 

power at 100 µs pulse width, and 10 
percent duty factor across the 2700 to 
2900 MHz band. And Microsemi has 
recently released 50 V products, in-
cluding the 0912GN-650V — a GaN 
on SiC HEMT transistor capable of 
providing over 17 dB gain, 650 W of 
pulsed RF output power at 128 µs 
pulse width, 10 percent duty factor 
across the 960 to 1215 MHz band.

In addition to significant funding 
from DARPA, GaN development 

is now occurring globally. Eu-
rope-based supplier UMS 

has introduced a family 
of high-performance 
GaN HEMTs with 
up to 50 W Psat 
CW and up to 6 
GHz frequency 
coverage from its 
wafer foundry in 
France. UMS has 
also recently re-
leased a 0.25 µm 
GaN HEMT found-

ry process to support 
industry development 

of new GaN components.
Besides pulse power, 

GaN is finding use 
within CW 

a p p l i -
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The increasing breadth of uses for GPS technology, 
which now sees systems evident in virtually every opera-
tional aspect of a country’s armed forces, will further drive 
the market, with auto-landing for aircraft, GPS embedded 
uniforms, and the development of GPS guided parachutes 
just some of the wide range of military applications for 
GPS technology that will help precipitate growth through 
to 2023.

The austerity measures adopted by a number of west-
ern countries – such as the U.S., Germany, France, Italy 
and the UK – are however expected to adversely affect the 
growth rates in the sector. Whilst the continued fallout of 
the global economic crisis are set to remain a detrimental 
factor to the market’s growth, this impact is predicted to 
taper off toward the end of the coming decade. 

To capitalize on the opportunities presented by market 
growth, organizations with a vested interest in the global 
GPS/GNSS devices market must remain sensitive to the 
key drivers of the market, thereby facilitating informed 
business decisions that maximize profits with minimized 
risk.

Advancement in Anti-Jamming
The recent increase in jamming and spoofing activities 

has resulted in the creation of a relatively new market in 
the sector, that of the anti-jamming devices and related sys-
tems. The illegal sale of jamming devices on the Internet, 
and their subsequent proliferation, particularly by rogue 
nations and terrorist outfits, has made their purchase al-
most mandatory by countries across the world. Products 
are now being launched to counter these threats, either by 
overcoming jamming signals or locating their source. This 
is expected to act as a significant driver on the global mili-
tary GPS/GNSS market to 2023.

Increased Expenditure on Satellite 
Navigation Programs

A satellite navigation system provides GPS positioning 
from a global perspective, and is thus of utmost importance 
for modern day military operations which rely on accurate 
real time data relating to hostile forces in order to carry 
out precision attacks. It is here that GPS/GNSS devices as-

sume an important role, as they 
are imperative in the transfer of 
signals from satellites back to 
stations on earth.

As a result, several major de-
fense spenders across the globe 
– including India, China, Russia, 
and the UK – have now launched 
or initiated the development 
of satellite navigation systems. 
This is driven by the desire of 
militaries to cover more areas 
and derive as much accurate in-
formation by a range of GNSS 
receivers/sensors in the shortest 
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DefenseNews
Cliff Drubin, Associate Technical Editor

Go to mwjournal.com for more defense news itemsFor More
Information

NV Selected as UAV Development Center

The Federal Aviation Administration (FAA) announced 
that Nevada has been selected as one of six locations 
to be a center for unmanned aerial vehicle (UAV) de-

velopment in the United States. As a UAV development 
site, the most likely economic forecast shows that there 
could be thousands of jobs for UAS direct employees with 
an average wage of approximately $62,000; an estimated 
$2.5 billion in economic impact in present dollars; and an 
estimated $125 million in annual state and local tax rev-
enue.

“Being selected as one of six sites for UAV development 
in the country is a historic moment for Nevada,” Gover-
nor Brian Sandoval said. “With the climate and air space 
of Nevada, we are uniquely equipped to help expand the 
development of UAVs. We have also partnered with private 
industry and academia to establish the curriculum neces-
sary to create the UAS civilian workforce of the future in 
Nevada. Our state has been preparing for this selection 
and we are ready to enter this new era of aviation history. 
I thank Senator Reid for his tireless work on this issue and 
the opportunity to work together on this momentous day 
for our state.”

The selection follows Nevada’s application, submitted to 
the FAA in May of 2013. Nevada’s application included the 
state as the direct applicant, and a 28 member team includ-
ing the Nevada System of Higher Education, the Nevada 
National Guard, Bowhead Systems, Navigator Develop-
ment and Drone America. Team members, who represent-
ed a cross-section of public and private partners, industry 
and academic leaders, within the northern and southern 
regions of the state, identified three test ranges and four 
test sites in the state’s application.

Increasing Range of Military Applications 
for GPS/GNSS Devices Will Drive Market

Global spending on GPS/GNSS systems and devices is 
expected to remain robust over the coming decade, ac-
cording to Strategic Defence Intelligence new report – 

The Global Military GPS/GNSS Devices Market 2013-2023 
– which forecasts market growth at a CAGR of 4.6 percent, 
primarily driven by their extensive use alongside associated 
software in modern or fourth-generation warfare.

Courtesy of U.S. Air Force

Courtesy of U.S. Air Force
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Where the Experts Speak...

EDICONCHINA.com

Conference Papers Featuring:

•  Envelope Tracking and Pre-distortion 
Techniques

•  GaN HEMT Modeling and Doherty PA 
Design

• Spectrum Monitoring and Signal Analysis
• SI and Jitter Analysis
• Nonlinear Characterization and Load-pull
• TD-LTE, FDD-LTE
• MIMO, OTA, Carrier Aggregation
• GNSS
• RADAR and Phased Arrays

Full Schedule Now Available Online at:
www.ediconchina.com/technicalprogram

Three full days of peer-reviewed, industry-focused technical papers, workshops, 
expert panels and guest keynotes on market and technology trends in 

China and beyond.

RF, Microwave, High Speed Digital & EMC/EMI Design

2014
April 8-10, 2014

Beijing International Convention Center
Beijing, China

Organized by:

Host Sponsor:

Diamond Sponsor:

Corporate Sponsor:

Gold Sponsors:
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Register early and save 50% on admission price

See details at:
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Mini-Circuits®

www.minicircuits.com    P.O. Box 35166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com
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0.25 to 6400 MHz     
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!       

 SIGNAL 
GENERATORS

To fit your budget. 

from

$1995ea.

USB & 
Ethernet 

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

 SSG-4000HP $1,995           

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

 SSG-6000RC  $2,795                 
•  25 to 6000 MHz
• -60 to +10 dBm Pout
•  Pulse modulation
• USB and Ethernet control

 SSG-6000  $2,695
•  25 to 6000 MHz
• -60 to +10 dBm Pout
•  Pulse modulation
• USB control

New

• 250 to 4000 MHz
• High power, -50 to +20 dBm Pout
• Pulse modulation
• USB control

Models Available from Stock at Low Prices!
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The Impact of Electrical and 
Thermal Interactions on 
Microwave PCB Performance
Printed circuit board (PCB) materials are affected by changes in temperature, 
and interactions between electrical and thermal effects can influence the 
performance of microwave circuits fabricated on different PCB materials. 
Heating of high-frequency circuits and PCB materials can occur from devices 
mounted on a circuit or outside sources of energy. A number of different studies 
are detailed here to illustrate how different electrical and thermal interactions 
can influence the behavior of different PCB materials.

John Coonrod
Rogers Corp., Chandler, AZ

PCB properties change when a PCB is 
heated. Interactions between electrical 
and thermal effects can lead to perfor-

mance issues. For example, circuit designers 
often ask how much power a particular PCB 
can handle, and that is very much related to a 

PCB’s electrical and thermal in-
teractions. Understanding these 
interactions and how they can 
impact different circuit board 
properties can greatly assist a 
designer when working with 
and troubleshooting PCB mate-
rials for high-power microwave 
applications.

PCB thermal management 
starts with an understanding 
of the material’s thermal con-
ductivity, and some of those is-
sues were detailed in an earlier 
article by the author appearing 
in this publication.1 The elec-
trical and thermal interactions 
that can occur within a PCB can 
be quite different than thermal 

conductivity, however. Such parameters as 
thermal conductivity and some electrical prop-
erties affect each other.

To better understand the electrical and 
thermal interactions in a PCB material, it may 
help to represent the material by a thermal 
model. Such a module can be portrayed by 
hot and cold areas or reservoirs connected by a 
thermal conductive material (see Figure 1a). 
A typical thermal conductor is copper, with a 
thermal conductivity (TC) of about 400 W/m/K 
which is considered quite good. For a model 
that more closely resembles the thermal flow 
in a microstrip PCB without plated through 
holes (PTH), the basic thermal model can be 
modified by having a thermal insulator be-
tween the hot and cold reservoirs (see Figure 
1b). Most substrates used in the PCB industry 
are considered thermal insulators with typical 
thermal conductivity values between 0.20 and 
0.30 W/m/K. The top copper layer is assumed 
to be the signal layer (or hot reservoir) while 
the bottom copper layer is assumed to be the 
ground plane (or cold reservoir), and Figure 
1b assumes that a heat sink is attached to the 
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s Fig. 1  The basic thermal model illustrates 
heat flow in a PCB (a) while this simple ther-
mal model represents a microstrip circuit (b).
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Missing a Pulse Can Be Deadly.

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

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

• 10 GSa/sec effective rate for superb waveform fidelity

• <5 ns risetime and 70+ MHz video bandwidth

• 100 ps time resolution for enhanced trigger stability   

• Triggered acquisition speeds over 40,000 sweeps/sec

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

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

Capture every pulse with no missed glitches. The 
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. 
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Different components require different 
simulation methods – this much has 
been known since the earliest days of 

EM simulation. For the last decade, CST has 
been addressing this problem by combining 
multiple simulation tools into a single product, 
CST STUDIO SUITE®, with a single user in-
terface for all solvers. In addition, most practical 
systems are made up of multiple components, 
each best suited to a different solver technol-
ogy. In response, the company introduced the 
System Assembly and Modeling (SAM) frame-
work for simulating multi-component systems.

CST STUDIO SUITE 2014 builds on these 
features, offering a more efficient approach to 
simulating both individual components and full 
systems. The aim is to give users an integrated 
design environment: rather than designing 
each element in turn and only combining them 
at the final stage, the full system behavior can 
be instead taken into account much earlier in 
the design workflow. With SAM, engineers can 
identify and resolve potential issues such as de-
tuning, signal integrity (SI) and power integrity 
(PI) problems, and electromagnetic interfer-

ence (EMI) at an early stage and thus obtain a 
more robust design.

SyStem ASSembly And modeling
At its core, SAM is built on two ideas: break-

ing down complex systems into individual el-
ements, and splitting the simulation workflow 
into a set of fundamental tasks to be carried 
out automatically. The flexible configuration of 
the workflow sequence allows the user to easily 
define both simple simulation series and more 
complex nested workflows including feedback. 
These workflow cycles allow effects such as 
heating, thermal expansion and Lorentz forces 
to be fed back into the EM field solvers, mak-
ing it easier to analyze applications such as fil-
ters and cavities which can be very sensitive to 
deformation.

To make it easier to build up the system, the 
library of RF and microwave ‘blocks’ in CST 
DESIGN STUDIO has been enlarged to 
include more components such as amplifiers, 
couplers and waveguide elements. These can 
be connected together with models from other 
CST modules and from tools such as IBIS and 
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CST STUDIO SUITE 
2014: EM Simulation 
for Integrated Design
CST – Computer Simulation Technology
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standard and custom millimeter-
wave components and sub-assem-
blies for over 32 years.

Spacek Labs Inc.,  
Santa Barbara, CA  
(805) 564-4404,  
www.spaceklabs.com.

E-Band Mixer with  
LO Multiplier

S pacek Labs model M80-5X2B 
is an E-Band mixer covering 
the two radio bands of 71 to 

76 GHz and 81 to 86 GHz. The 
mixer includes an integrated LO 
doubler so that the customer need 
only supply a 39 GHz source with 
+16 dBm of power.

Spacek Labs can also supply a 
phase-locked source with the as-
sembly. The conversion loss over 
the band is 6 dB typical and 10 dB 
maximum, with an IF frequency 

range of 2 to 8 GHz. The input 
P1dB is –6 dBm typical, and the 
bias is +12 V DC at 10 mA.

Overall dimensions are 1.67"  
1.68"  1.07". In addition, with ex-
tensive in-house design and man-
ufacturing capabilities, Spacek 
Labs can equip the mixer with 
LO sources, amplifiers and filter 
technologies to meet any high per-
formance project needs. Spacek 
Labs, an ISO 9001:2008 certified 
company, has been delivering 
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Editor’sNote

For many in this industry, the 
calendar year is defined by a 
series of global trade shows. 

Product development and marketing 
schedules are often driven by the tim-
ing of a handful of events at which cus-
tomers will gather to peruse the offer-
ings of competing vendors in search of 
that solution that best fits their needs. 
There are events for component and 
test instrument manufacturers target-
ing specific end-markets (mobile and 
military communications, SATCOM, 
UAVs, etc.) and there are events de-
signed to support the component and 
test instrument manufacturers them-
selves. January and February start 
off each year with examples of both, 
namely DesignCon and Mobile World 
Congress (MWC). 

DesignCon takes place in Santa 
Clara in the heart of Silicon Valley and 
focuses on solutions for high-speed 
digital designers grappling with sig-
nal and power integrity challenges at 
the IC and PCB levels. Like the In-
ternational Microwave Symposium 
(IMS) or European Microwave Week 
(EuMW), DesignCon is focused on 
the technology and techniques behind 
electronic component design, albeit 
high-speed digital rather than RF/mi-
crowave centric. The DesignCon tech-
nical program is also differentiated by 
its industry focus as opposed to the 
more research-driven society events. 
The result is a conference with an edu-
cational and professional development 
emphasis that is well-aligned with the 
goals of exhibiting component, test in-
strument and software vendors high-
lighting their latest solutions for the 
engineering challenges of today. 

Hopping over to Barcelona, Spain 
later this month, MWC is the world’s 
largest event to focus on the vast eco-

system supporting mobile communi-
cations including handheld devices, 
tablets, infrastructure and related 
communication ICs and test solutions. 
MWC is a massive event that draws 
global business leaders and technolo-
gists together in order to exchange the 
information that will ultimately guide 
multi-billion dollar decisions. RF in-
tegrated device and test instrument 
manufacturers will be among the RF/
microwave companies presenting so-
lutions to increase network capacity 
through the development and support 
of technologies such as voice over 
LTE (VoLTE), carrier aggregation, 
enhanced intercell interference coor-
dination (eICIC), enhanced downlink 
MIMO, small cell and HetNet.

These two events are well timed 
to kick off the calendar year of trade 
shows as one sets the stage for dis-
covering the latest in design tools 
and the other defines the next set of 
challenges for design engineers and 
system integrators. 

The next stop in the global tour of 
technology is EDI CON 2014, which 
takes place April 8-10 in Beijing. The 
EDI CON technical program, which 
was announced at the end of January, 
features much of the technology that 
was unveiled in Santa Clara and Bar-
celona, this time debuting in China. 
For instance, the recent develop-
ments in evolutionary RF front end 
semiconductor technology, unveiled 
by integrated device manufacturers 
such as Peregrine Semiconductor at 
MWC will premier in front of a Chi-
nese audience at EDI CON. Like-
wise, many advances in design tools 
(test equipment and software simula-
tion) will be highlighted in the EDI 
CON technical program that was 
expanded to accommodate a strong 
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Countdown to EDI CON 2014

showing of papers focused on RF/
microwave, high speed digital, EMC/
EMI and system-level design.   

This year’s crop of papers is a timely 
representation of the state of the in-
dustry in terms of systems being devel-
oped and the advances in technology 
that will support these systems. Radar, 
LTE-A, navigation satellite, 802.11 
and MIMO were among the recurring 
system topics submitted mostly by in-
dustry, while GaN, CMOS, SOI and 
SIW were among the popular semi-
conductor technologies submitted 
for consideration. Overall, we added 
two specific modeling tracks (one for 
System-Level and the other for EMC/
High-Speed Digital) and an additional 
twelve hours of presentations to the 
first day in order to accommodate the 
increase in paper submissions over 
2013. In all, EDI CON will feature 86 
technical papers, 30 workshops, 5 spe-
cial panels, an Agilent education fo-
rum and a keynote session with speak-
ers from industry, research institutes 
and local universities.

2014 marks our third year of pub-
lishing Microwave Journal China and 
the starting point in our effort to build 
a strong China-based microwave com-
munity with the collaboration of local 
and international companies, various 
technical societies and academics. As 
the excitement, uncertainty and ener-
gy of this new venture transforms into 
a steady and familiar business environ-
ment, we are pleased that Microwave 
Journal China and EDI CON have 
become instrumental in providing 
Chinese design engineers with access 
to information that advances their pur-
suit of microwave-based systems and 
helps market opportunities for those 
we collaborate with transition from 
speculative to real.  

David Vye, Microwave Journal Editor

2014
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The Future of 
mm-wave Packaging
Liam Devlin
Plextek RF Integration, Great Chesterford, UK

The mass market for consumer wireless 
products led to the development of 
low cost packaging technology suitable 

for use at RF frequencies. As the market de-
veloped, there was a drive for miniaturization 
that helped reduce package parasitics, which 
assisted in pushing up the maximum operating 
frequency. ICs are now readily available in sur-
face mount technology (SMT) packages with 
maximum operating frequencies of around 40 
to 45 GHz. Further development work is now 
on-going to push the upper operating frequen-
cy of SMT packaged MMICs still higher. Of 
particular interest is SMT packaging for use at 
V-Band (to address the ISM bands around 60 
GHz), for automotive applications at 77 and 79 
GHz and for E-Band applications at 71 to 76 
and 81 to 86 GHz. This article discusses the 
challenges of meeting these requirements and 
looks at the potential approaches that could be 
used to address them.

The most popular package style for micro-
wave frequency ICs is the quad fl at no-leads 

(QFN). Figure 1 shows a bare 
die microwave amplifi er MMIC 
and two QFN packaged parts 
containing the same die type. 
The exposed paddle on the un-
derside of the QFN package is 
normally the ground connection 

and is connected to the backside of the die. 
It is clear that the use of the bare die would 
still offer the ultimate in size reduction but the 
use of an SMT packaged component means 
that assembly and handling is comparatively 
straightforward. This facilitates reduced prod-
uct cost for high volume applications and is 
why so much effort is being devoted to extend-
ing the frequency range of SMT packaging to 
still higher mm-wave frequencies.

For frequencies up to around 20 GHz, 
traditional over-moulded plastic packaging is 
normally used. In this case, the plastic mould-
ing compound is in direct contact with the 
surface of the die. As operating frequencies 
increase,  air-fi lled plastic cavity packages also 
start to be used and at still higher frequencies, 
laminate or liquid crystal polymer1 (LCP) 
based packages can be used to achieve opti-
mum performance whilst still retaining the 
same QFN footprint.2

The two biggest challenges in SMT packag-
ing of mm-wave ICs are tolerating the series 
inductance of the RF signal bonds and toler-
ating the overall grounding inductance (IC, 
package and PCB). With QFN packaged mi-
crowave ICs, the solid metal base provides a 
low grounding inductance for the package 
itself. The grounding inductance of the PCB, 
which often dominates, is minimised by:
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 Fig. 1  Microwave amplifi er IC, QFN 
packaged and bare die.

Liam Devlin, CEO of Plextek RF Integration
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•	 �Packages with waveguide (WG) apertures
•	 Packages with integral antennas
•	 Micro-coax based packaging
•	 Packages using ‘hot-vias’
•	 �Flip-chip wafer level chip scale packaging (WLCSP).

Each of these approaches is described in more detail in 
the next section.

Packages with WG Apertures
Various techniques exist for transforming from wave-

guide to microstrip or GCPW.4 The most compact ap-
proach is to use a probe transition. A probe normally 
extends through the broad wall of the waveguide and is 
positioned one quarter of a wavelength from a back-short 
(a waveguide short-circuit). The incoming RF signal is re-
flected from the back-short with a phase inversion. The 
reflected wave therefore adds coherently with the inci-
dent (incoming) wave at the location of the probe creat-
ing a voltage maximum. This generates an RF signal in the 
probe, which is passed through the broadside wall of the 
waveguide. Such transitions are commonly used in trans-
ceiver modules5 and, at high mm-wave frequencies, the re-
quired dimensions are such that they can be incorporated 
into an SMT package to provide a waveguide aperture for 
reception and/or transmission of the mm-wave signals.

Figure 2 is a cross-section of a novel SMT package to 
waveguide transition taken with permission from reference 
6. The packaged component is a 77 GHz transmitter for au-
tomotive radar, which is mounted onto a PCB motherboard 

•	 �Using an array of ground vias providing a low induc-
tance path from the package base to the PCB ground

•	 �Specifying a suitably thin PCB material to reduce the 
inductance to the PCB ground

•	 �Using grounded coplanar waveguide (GCPW) with 
close ground to signal line coupling.
The effects of package grounding are discussed in more 

detail in reference 3. The approach used to tolerate the 
series inductance of the RF bond from die to package pin 
is to absorb it into a lowpass filter structure.3 Provided the 
inductance is adequately low then the package lead-frame 
and PCB land pattern can be adjusted together with the 
bondpad on the IC to provide effective shunt capacitances 
of suitable values for a well-matched low loss transition.

The absolute value of the series inductance that can be 
absorbed into such a lowpass filter dictates the maximum 
frequency to which this approach can be adopted. An in-
ductance of 0.2 nH can be absorbed into a 50 V matched, 
third order lowpass filter with a cut-off frequency of around 
45 GHz and this is essentially the upper frequency limit for 
SMT packaging of ICs using a conventional wire-bonded 
approach.

To allow operation beyond 45 GHz, new packaging ap-
proaches need to be developed, which either significantly 
reduce or avoid the effects of series RF bond inductance 
and grounding inductance. The following techniques pro-
vide a means of doing this and have all been successfully 
demonstrated as options for SMT packaging of ICs at high 
mm-wave frequencies:
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PULSE ELECTRONICS IMPROVES ANTENNA 
EVALUATION AND REDUCES PRODUCT DESIGN 
LEAD TIME WITH CST MICROWAVE STUDIO
Heikki Korva, Team Manager, RF, Pulse Electronics Wireless Division

Figure 1 LTE antenna audio-module, from simulation to mass production. 

Pulse Electronics Mobile Division produces compact antennas  
for mobile communications and networking. Mobile antennas 
need to function in complex and mechanically limited environ-
ments, and so most antennas used today are specially designed 
and customer-specific.

The antenna is one of the first electromechanical components 
considered in a new product concept design. In the past, most  
of the R&D work was done in the laboratory, with the engineers 
constructing and testing different antenna designs for customers’ 
products. While this is still a good approach for single antenna 
systems, the introduction of LTE diversity schemes and other radio 
systems such as Wi-Fi and GPS to current smartphones make reli-
able prototype evaluation very challenging.

Antenna prototypes typically include the device ground, PCBs, 
batteries, covers and any other large parts. Obviously, early 
prototypes seldom include any active transceivers, and so each 
antenna must be driven from an external coaxial cable. A typical 
LTE smartphone, with its main and diversity antennas, GPS and 
GLONASS systems and 2.4 GHz and 5 GHz WLAN capabilities,  
can need 7 or 8 cables to measure all the components at once. 
These cables would occupy too much of the volume of the pro-
totypes, and severely distort the evaluation results. With electro-
magnetic simulation, the performance of a complex device can 
be calculated without worrying about these cable effects. 

An example of an antenna product designed using only 
CST MICROWAVE STUDIO® (CST MWS) is shown in Figure 1.

About Pulse Electronics Wireless Division

Pulse Electronics boosts appealing mobile devices by pro-
viding intelligent antenna design and manufacturing solu-
tions for handsets, tablets, laptops, small cell base stations 
and PMR.
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radar MMIC; chip 
#2 is the transition 
realized as a printed 
structure on an or-
ganic PCB material.

The transition 
described in refer-
ence 6 demonstrates 
an insertion loss of 
1.2 dB for a single 
transition at 77 

GHz, based on evaluation of a back-
to-back test piece. For the MMIC 

with a WR12 waveguide output on the 
underside. Chip #1 is the automotive 

s Fig. 2  Formation of 77 GHz SMT package with WG aperture (courtesy of UMS).
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assembled into the WG package, 
the measured transmit power drops 
by 3 dB compared to that measured 
on wafer. This is mainly attributed 
to the wire-bonded transition from 
the probe substrate (chip #2) to the 
MMIC (chip #1) which had not yet 
been optimised. Both faces of the 9 
× 6 mm QFN package are shown in 
Figure 3. Although the use of plas-
tic packaging technology significantly 
reduces the cost of this style of pack-
age compared to previous ceramic 
versions, it is still significantly higher 
than conventional packaging in SMT 
plastic QFN packages.

Packages with Integral 
Antennas

Rather than attempting to develop 
a package with a mm-wave SMT in-
terface, or a waveguide aperture as de-
scribed previously, another alternative is 
to integrate the antenna into the pack-
age. Variants of this approach using both 
single antenna elements and multiple 
antenna elements (antenna arrays) have 
been demonstrated.7 In both cases, all 
other interfaces to the IC are SMT with 

s Fig. 3  A plastic SMT package with integral WG aperture (cour-
tesy of UMS).
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design targets radar and active imag-
ing applications where small size and 
low weight are required.

A 16-element die is shown in Fig-
ure 5. It contains 32 receive channels 

the integral antenna forming the mm-
wave transition. This approach is only 
possible at high mm-wave frequencies 
where the required physical size of the 
antenna becomes sufficiently small.

One of the most impressive dem-
onstrations of this approach to date 
is a W-Band phased array transceiver 
from IBM.8 Four 16-element trans-
ceiver ICs were integrated into a 
single package containing 64 radiat-
ing elements. Figure 4 illustrates the 
package showing the antenna array. 
The spacing between the elements is 
l/2 at 94 GHz (around 1.6 mm). The 
spacing from the edge antennas to 
the side of the package is l/4, which 
facilitates the tiling of multiple com-
ponents to realize a larger array. The 

s Fig. 4  A 94 GHz SMT transceiver with 
integral antenna array (courtesy of IBM).

s Fig. 5  A 94 GHz multi-element transceiver IC (courtesy of IBM).

(to facilitate simul-
taneous reception 
in two polarizations) 
and 16 transmit 
channels (which can 
be switched to either 
polarization). In ad-
dition to dispensing 
with RF bondwire 
inductance, the use 
of the multi-element 
antenna array has two 
other advantages:
•	�The total output 

power is the sum 
of multiple parallel 
transmitters so the 
available transmit 
power is increased

•	�The phase of the dif-
ferent transmit/re-
ceive elements can 
be adjusted to pro-
vide beam steering.
The control of 

the amplitude of each transmit/receive 
elements also provides the possibility to 
shape the antenna pattern and even in-
troduce nulls to avoid interferers.
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1.	 Die attach and wire bond
2.	 Conformal dielectric coating
3.	 �Laser cutting of vias to allow metal-

lic contact
4.	 �Selective metallization of ground 

shield.
Obviously, some form of capping 

step would normally follow the pro-
cess.

The measured performance of 
micro-coax test pieces has shown an 
insertion loss of less than 0.7 dB at 
frequencies up to 115 GHz for a 2.2 
mm long test piece. The return loss of 
this test piece was better than 20 dB 
across most of this band with a worst 
case value of around 17 dB. Figure 7 
is an X-ray of an 18 to 31 GHz LNA 
(CHA2069 from UMS) packaged us-
ing micro-coax technology. The co-
axial structure of the interconnects 

into a coaxial transmission line of con-
trolled impedance (normally 50 V) 
by the addition of a dielectric coating 
and then a grounded conductive out-
er. Accurate control of the dielectric 
constant and the thickness of the di-
electric are required to set the charac-
teristic impedance of the micro-coax 
transmission line.

The formation of the micro-coax 
transition, from reference 9, is depict-
ed in Figure 6. The package assembly 
steps include:

One potential downside to this ap-
proach is that additional channel fil-
tering cannot be included. However, 
the small size of the antenna means 
that it should provide significant re-
jection at low frequencies.

Micro-coax Based 
Packaging

Micro-coax packaging is an innova-
tive and elegant approach to address-
ing the problem of RF bond induc-
tance. The bondwire is transformed 

s Fig. 6  Formation of micro-coax intercon-
nects (courtesy of Bridgewave).

s Fig. 7  X-ray photograph of a micro-coax 
packaged LNA (courtesy of Bridgewave).
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consumer applications. In order to 
address this, a micro-coax/leadframe 
approach is described in reference 
9, which allows for lower production 
costs. A QFN style package is used as 
a demonstration vehicle and good per-
formance is demonstrated to 50 GHz.

The micro-coax approach is a vi-
able route to avoiding the effects of 
series RF bond inductance and as 
a transmission medium it has been 
demonstrated to show good perfor-
mance to beyond 100 GHz. However, 
there is still some uncertainty about its 
potential to provide a low cost packag-
ing solution for use in the 50 to 100 
GHz range.

PACKAGES USING HOT-VIAS
Most GaAs and GaN processes in-

clude a through substrate via capabili-
ty. This provides low inductance inter-
connects from the front side of the die 
to the back. The effective inductance 
is dependent on the substrate height 
and via size but is typically around 20 
pH. In conventional MMIC designs, 
the vias are used to provide low induc-
tance ground points with the back side 
of the die being ground. If patterning 
of the back side metal is possible, then 
some of these ground contacts can be 
isolated and can be used as low-induc-
tance RF interconnects.

This allows the die to form the base 
of a true chip-scale SMT package as 
depicted in Figure 8. The inductance 
of the RF interconnect has been re-
duced to around 20 pH, which should, 
in theory, allow operation to beyond 
100 GHz.

The hot-via packaging approach 
has previously been demonstrated10

with measured through line test pieces 
indicating losses of 0.5 dB at 45 GHz 
for a single hot-via transition. The 
measured performance of a 15 to 30 
GHz amplifi er IC, modifi ed to allow 
hot-via packaging, is also presented in 
reference 10 and shows performance 
similar to that of the bare die.

Avago has introduced commercial-
ly available parts in wafer scale pack-
ages (WSP) that make use of hot-vias. 
Published data from Avago11 suggests 
that the hot-via transition should work 
well up to 45 GHz. However, at the 
time of writing, the product range of-
fered in this package style does not ap-
pear to extend beyond 12 GHz.

It is clear that hot-via transitions offer 
a practical way to signifi cantly reduce 

in reference 9 and is 
very close to that of 
the bare die.

The micro-coax 
approach depicted 
in Figure 6 and Fig-
ure 7 uses a coaxial 
feed-through. It has 
the benefi t that it 

can be used to realise a hermetically 
sealed package but the downside is 
that it is not cost-effective for most 

is clearly visible, as are ground vias 
within the MMIC die. The measured 
performance of this part can be found 

 Fig. 8  Use of ‘hot-vias’ in SMT packaging.
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the series inductance of an IC to PCB 
transition. However, the technology has 
yet to prove itself practical for commer-
cial use at mm-wave frequencies.

Flip-chip WLCSP
In wafer level chip scale packaging 

(WLCSP) the die is normally pack-
aged in a ball grid array with the sur-
face of the die facing down towards 
the PCB on which it is mounted. The 
resulting package is truly chip scale, 
being not much larger than the die 
itself. This approach provides minia-
turization and results in very low in-
terconnect parasitics. WLCSP is often 
undertaken as an augmentation to the 
wafer fabrication process.

A number of manufacturers have 
WLCSP processes. Infineon’s em-
bedded Wafer Level Ball Grid Array 
(eWLB) technology12 has been suc-
cessfully used in its V-Band and E-
Band transceiver products,13 which 
are about to be released as commer-
cially available products.

Sumitomo has demonstrated a set 
of E-Band ICs in WLCSP.14 These 
include a frequency tripler, an LNA, 
a balanced mixer and a power ampli-
fier (PA). The packaging technology is 
depicted in Figure 9. The actual IC 
is GaAs PHEMT technology with ad-
ditional processing steps to form the 
WLCSP. This includes the ability to 
add routing to connect to a uniform 
array of solder balls for SMT attach. 
The surface of the IC package is cov-
ered with a common ground metal, 
which has multiple links to the die 
ground. Openings are made in the 
package ground plane for signal, con-
trol and bias connections to the die.

Figure 10 shows an example of 
one particular WLCSP part, an LNA. 
The packaged part was mounted on 
a PCB with a GCPW interface. The 
performance of the packaged part on 
the PCB was measured with G-S-G 
probes, as would be used for RFOW 
evaluation. The comparison of the 
measured to modeled performance 
gives an honest indication of the deg-
radation due to packaging. Each RF 
transition incurs an insertion loss of 
around 1.5 dB.

For ICs having net gain, with in-
put and output at the same frequency 
(such as the LNA above), the effects 
of grounding inductance are much 
more significant than for transceivers. 
Great care must be taken to minimise 

s Fig. 9  Cross-section of WLCSP approach (courtesy of Sumitomo).

PROTECTIVE FILM

SURFACE MOUNT

COMMON GND

SOLDER

PCB

BARRIER METAL

GaAs

METAL LAYERS

_2M27 FINAL.indd   34 1/24/14   9:45 AM

http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=34&exitLink=mailto%3Asales%40anatechelectronics.com
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=34&exitLink=http%3A%2F%2Fwww.anatechelectronics.com


Achieve speed, accuracy, and fl exibility in your RF and microwave test 

applications by combining National Instruments open software and modular 

hardware. Unlike rigid traditional instruments that quickly become obsolete 

by advancing technology, the system design software of NI LabVIEW 

coupled with NI PXI hardware puts the latest advances in PC buses, 

processors, and FPGAs at your fi ngertips.

>> Learn more at ni.com/redefi ne

800 813 5078
 ©2012 National Instruments. All rights reserved. LabVIEW, National Instruments, NI, and ni.com are trademarks of National Instruments. 
Other product and company names listed are trademarks or trade names of their respective companies.

WIRELESS TECHNOLOGIES
National Instruments supports a broad 
range of wireless standards including:

LTE
802.11a/b/g/n/ac
WCDMA/HSPA/HSPA+

GSM/EDGE
CDMA2000/EV-DO
Bluetooth

Redefi ning RF and
Microwave Instrumentation

with open software and modular hardware

Scan page
using           app

MWJNI0411LAYAR.indd   35 1/24/14   2:25 PM

http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=35&exitLink=http%3A%2F%2Fni.com%2Fredefine
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=35&exitLink=http%3A%2F%2Fni.com
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=35&exitLink=http%3A%2F%2Fwww.microwavejournal.com%2Fext%2Fresources%2Fvideo%2FJan2014AR%2FNI-AR-final.mp4


36  MICROWAVE JOURNAL  FEBRUARY 2014

CoverFeature

ISO 9001:2008 Certified

Serving the Industry 
for Over 30 Years

Systems and Components
from 10 to 110 GHz

Exceeding the Highest
Industry Standards for
Performance & Quality

ISO 9001:2008 Certified

Serving the Industry 
for Over 30 Years

Systems and Components
from 10 to 110 GHz

Exceeding the Highest
Industry Standards for
Performance & Quality

Receivers
Transceivers
Transmitters
Switch Matrices
Block Converters
Radar Subsystems
Coherent Converters
Communication Systems
Integrated Amplifier Assemblies

WE’RE NOT 
JUST SELLING 
COMPONENTS,
WE’RE DELIVERING  
SOLUTIONS
Sure, we sell lots of microwave 
and millimeter-wave components. 
But, let’s face it, sometimes you’re 
not looking for just a component, 
you're looking to create an entire 
system. Come to us for the 
complete solution.  Give us 
a call and talk to one of our 
engineers. Together we’ll 
design the system that 
exactly meets your needs. 

Receivers
Transceivers
Transmitters
Switch Matrices
Block Converters
Radar Subsystems
Coherent Converters
Communication Systems
Integrated Amplifier Assemblies

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

AMERICAN GLOBAL STANDARDS
ISO 9001:2008 Certified SPACEK LABS  INC.

www.spaceklabs.com

C

M

Y

CM

MY

CY

CMY

K

Assembly Solutions Ad MWJ_ISO.ai   1   1/17/2014   2:08:03 PM

antenna beam. This approach is un-
likely to be practical for longer range 
point to point links where higher 
transmit powers and antenna direc-
tivity would be required but it is very 
attractive for shorter range links and 
indoor communications.

WLCSP uses miniaturization to 
keep package parasitics to a minimum. 
The fl ip-chip mounting of the die 
means the path from the die to the PCB 
is minimised. The parasitics of the PCB 
can still have a signifi cant effect on the 
ultimate performance and co-design of 

These are the ICs with integrated ar-
ray antennas and the fl ip-chip mount-
ed ICs in WLCSP.

The integrated antennas avoid the 
problems associated with making a 
mm-wave SMT contact to a PCB. 
They also mean that the tolerable 
grounding inductance can be much 
higher. The use of an antenna array 
allows increased transmit power by 
in-air combination of multiple lower 
level signals and allows steering of the 

the effective grounding inductance or 
severe performance degradation, or 
even instability, can result.

CONCLUSION
All of the packaging approaches 

described above have demonstrated 
their potential for use at frequen-
cies to around 100 GHz. However, in 
the author’s opinion, there are two of 
these that are likely to see signifi cant 
deployment in commercial products. 

 Fig. 10  Example of E-Band LNA in an 
SMT WLCSP (courtesy of Sumitomo).
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IC, package and PCB is necessary to 
achieve optimum results. With com-
plete receiver or transmitter ICs having 
only a single mm-wave port, the effects 
of PCB grounding inductance are sig-
nificantly reduced but functional blocks 
such as amplifiers must also tackle this 
issue as an integral part of their design 
and implementation. ■
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One of the trends in today’s electronic 
instruments evolution is that technolo-
gy is getting smaller, faster and cheaper 

every day. This trend spreads from a smartphone 
(that is smaller but more powerful than a typical 
PC of just a decade ago) to complex RF/micro-
wave measurement instruments. The frequency 
synthesizer is a key element that generates a 
stimulus signal or is used as a local oscillator in 
a variety of up- and down-conversion schemes. 
The industry feels persistent pressure to de-
liver higher-performance, higher-functionality, 
smaller-size and lower-cost synthesizer designs. 
Obviously, wide frequency coverage and small 
step size are the key synthesizer design targets. 
Aside from frequency coverage and resolution, a 
synthesizer’s spectral purity (i.e., phase noise and 
spurs) is the primary evil that ultimately limits 
the performance of any system. More recently, 
switching speed has become a signifi cant player 
in this game as well. Newer RF/microwave sys-
tems require faster switching due to the ongoing 
increase of data fl ow. Finally, everything should be 
packed into a tiny footprint that can support new 
instrument platforms or design ideas.

These design targets present certain techno-
logical challenges. Historically, high-performance 

PLL synthesizers have relied on YIG-tuned oscil-
lators featuring broadband operation and excel-
lent phase noise characteristics. However, the 
high power consumption, large size and espe-
cially slow tuning speed, inherent to YIG oscil-
lators, have contributed to a shift to solid-state 
VCO architectures. VCO-based synthesizers are 
signifi cantly faster; however, their phase noise has 
traditionally been considered to be inferior when 
compared to YIG-based designs.

To address these requirements, Phase Matrix 
introduced the QuickSyn series of microwave 
frequency synthesizers in late 2008. The em-
ployed patented architecture provides a unique 
combination of fast-switching speed and low 
phase noise characteristics. The main idea is to 
substitute a slow-tuning, bulky and expensive 
YIG oscillator with a tiny VCO that can easily 
support microsecond tuning. Excessive phase 
noise (traditionally associated with VCO devic-
es) is washed out by utilizing an ultra wideband 
PLL scheme in conjunction with a low-noise ref-
erence source. Thus, the QuickSyn synthesizer 
combines microsecond-range tuning and low 
phase noise, which is somewhat comparable to 
top-rated signal generators. Although the de-
sign is essentially a fraction of the size of a tra-
ditional bench-top or rack-mount instrument, it 
offers many of the same features as larger units. 
In fact, the QuickSyn provides all major modula-
tion capabilities (AM, FM, phase and pulse), pow-
er leveling and control, frequency and power 
sweep, list mode, and many other functions that 
are usually found in complex test and measure-
ment instruments.

Despite this high performance, the fi rst 
QuickSyn synthesizer still leaves room for fur-
ther improvements. The new, recently introduced 
QuickSyn Lite synthesizers are less than half the 
size of the full featured models, yet offer remark-
able characteristics. This product is available in 
two models, the FSL-0010 and FSL-0020, cov-
ering the 0.65 to 10 GHz and 0.65 to 20 GHz 

Phase Matrix, a National Instruments Company, Santa Clara, CA
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Smaller, Faster, 
Cheaper Synthesizers

 Fig. 1  Phase noise performance.
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MostValuableProduct
ranges, respectively. Both models utilize 
broadband solid-state VCOs that offer 
fundamental output to 10 and 20 GHz, 
respectively. In contrast to widely used 
frequency multiplication schemes, this 
approach eliminates possible spectrum 
contamination by subharmonic prod-
ucts. The VCO coverage is extended 
down by utilizing a frequency divider 
that improves phase noise and spurious 
characteristics at lower frequencies as 
shown in Figure 1. The use of the ad-

MostValuableProduct
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vanced DDS approach (in conjunction 
with dedicated spur-reduction circuitry) 
enables a very fi ne frequency resolution 
of 0.001 Hz without a common pen-
alty of slower tuning speed or elevated 
spurs. The utilized PLL hardware itself 
needs just a few tens of microseconds to 
bring the output frequency to a desired 
value while the output is completely 
locked and refi ned within less than a 
hundred microseconds. Digital signal 
processing adds extra delays required 

to receive a tuning command, perform 
all necessary calculations in accordance 
with the employed frequency plan, and 
program individual devices. Hence, the 
total switching time is specifi ed at 200 
µsec in the regular operation mode 
when new frequency commands are 
sent one by one. Most of these delays, 
however, can be reduced or completely 
eliminated in the list mode. The switch-
ing speed in the list mode is specifi ed at 
100 µsec regardless of the current and 
destination frequency (i.e., the specifi ca-
tion is valid from “any to any” frequency 
step within the entire operating range).

The synthesizer includes an internal 
dual-oscillator reference that is com-
posed by combining TCXO and VCXO 
devices. This results in excellent ther-
mal stability and low phase noise with-
out a common penalty of large size and 
high power consumption of OCXO 
devices. The internal reference is fac-
tory calibrated to a GPS standard to 
ensure adequate accuracy of the syn-
thesized signal. The synthesizer sup-
plies a 10 MHz reference signal to the 
outside world. The internal oscillator 
can be automatically locked to an ex-
ternal reference too. The synthesizer 
also provides the ability to adjust the 
internal oscillator frequency (via soft-
ware) for temperature and aging com-
pensation as desired.

Both models include SPI and USB 
control interfaces and are immedi-
ately deployable by connecting them 
to a personal computer and power 
source. A soft front panel allows the 
user to access all synthesizer functions. 
The synthesizer is shielded in a small 
metal box measuring 4" � 4" � 0.8". It 
is biased from a single +12 V DC sup-
ply. The built-in self test monitors the 
synthesizer’s internal temperature and 
voltages as required. Overall, the ex-
ceptional performance and extended 
functionality make the QuickSyn Lite 
synthesizer an ideal building block for 
a variety of instruments and subsys-
tems. Designers restricted by reduced 
footprint goals, power consumption 
constraints and the need for low phase 
noise will appreciate the QuickSyn Lite 
synthesizer as the single solution to a 
multitude of design challenges.
Phase Matrix, 
a National Instruments Company,
Santa Clara, CA 
(408) 610-6810, 
sales@phasematrix.com.
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For Better SWaP, 
Choose GaN

in plastic high power transistors. 
Packaged in a convenient 3×6 mm 
plastic package and well suited for 
pulsed radar, TDMA amplifiers, ul-
tra wideband power amplifiers, and 
high power SatCom applications, the 
wideband transistors should compete 
well against traditional GaAs devices, 
thanks to GaN’s higher power density.

Microsemi is focused on high 
pulsed power products for avionics 
and radar. Its 1011GN-700ELM 
GaN power transistor is 
specifically designed for 
extended length mes-
sage Mode-S tran-
sponders and is ca-
pable of delivering 
700 W of pulsed 
peak power and 
over 21 dB power 
gain with greater 
than 70 per-
cent efficiency 
at 1030 MHz. 
For S-Band ra-
dar applications, 
there is the Microsemi 
2729GN-500, offer-
ing 12 dB gain, 500 
W of pulsed 
RF output 

Today’s GaN-based products are 
rising to the challenge of rap-
idly evolving demands for size, 

reliability, linearity, power density and 
energy efficiency, by providing RF 
system engineers with the flexibility 
to achieve significantly higher power 
and efficiency, with lower part count, 
board space and resultant cost. GaN 
technology is suited to meet today’s 
size, weight and power (SWaP) de-
mands better than traditional technol-
ogies like GaAs because GaN offers:
•	 �Higher power densities leading 

to reduced combining losses for a 
given power target

•	 Increased efficiency over frequency
•	 �Ability to maintain high perfor-

mance over wide bandwidths
•	 �Higher thermal conductivity/lower 

thermal resistance (GaN on SiC)
GaN has better thermal proper-

ties than competing GaAs technolo-
gies. Thermal conductivity for SiC is 
roughly 4× that of GaAs. An added 
benefit is that GaN can support the 
million hour MTTF reliability bench-
mark at a junction temperature of 
200°C or higher versus 150°C for 
GaAs. These thermal advantages do 
not solve the thermal problem at the 
system level; however, they bring the 
thermal management concern down 
to a reasonable design trade-off for 
the system engineer.

To date, the defense industry has 
benefitted most from advances in 
GaN technology, primarily due to 
the pulse and continuous wave 
GaN power devices from sup-
pliers like Macom, Microsemi, 
Nitronex, TriQuint and UMS.

Macom recently an-
nounced its portfolio of GaN 

power at 100 µs pulse width, and 10 
percent duty factor across the 2700 to 
2900 MHz band. And Microsemi has 
recently released 50 V products, in-
cluding the 0912GN-650V — a GaN 
on SiC HEMT transistor capable of 
providing over 17 dB gain, 650 W of 
pulsed RF output power at 128 µs 
pulse width, 10 percent duty factor 
across the 960 to 1215 MHz band.

In addition to significant funding 
from DARPA, GaN development 

is now occurring globally. Eu-
rope-based supplier UMS 

has introduced a family 
of high-performance 
GaN HEMTs with 
up to 50 W Psat 
CW and up to 6 
GHz frequency 
coverage from its 
wafer foundry in 
France. UMS has 
also recently re-
leased a 0.25 µm 
GaN HEMT found-

ry process to support 
industry development 

of new GaN components.
Besides pulse power, 

GaN is finding use 
within CW 

a p p l i -
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for DC to 2200 MHz operation and 
offers 17 dB gain, 50.5 dBm Psat, 64 
percent power added efficiency and 
61 percent drain efficiency.

And GaN is branching out to en-
compass more than power amplifica-
tion. For example, in addition to its 
industry-leading array of GaN-based 
semiconductor products (including 
discrete transistors, power amplifiers 
and low noise amplifiers), TriQuint 
Semiconductor now offers a range of 
GaN-based switches that are capable 
of achieving up to five times the power 
handling of GaAs.

TriQuint’s GaN switches achieve 
high levels of power handling in a 
small form factor, particularly ver-
sus insertion loss. For example, a 3 
W GaAs switch at 6 GHz may have 
about 2 dB insertion loss, whereas a 
40 W GaN switch at 6 GHz may have 
less than 1 dB insertion loss for the 
same amount of isolation. Addition-
ally, GaN switches require very low 
current — measured in microamps 
(µA) as opposed to milliamps or even 
amps for PIN switches. And because 
GaN essentially brings more power 
per mm2 to the table, small but high-
er power-handling components are 
needed to switch that level of power. 
TriQuint’s TGS2351-SM, for example, 
can switch 40 W, as compared to GaAs 
FET-based switches that can typically 
switch between 3 and 10 W in a simi-
lar board space.

Applications include radar, EW 
and communications — all of which 
require the output power versus 
size advantage that is only available 
through GaN. There is also plenty of 
GaN development in the works for 
commercial markets like weather and 
marine radar, CATV and cellular infra-
structure. For these applications, cost 
is a bigger driver than it is for defense 
applications; but as the cost of GaN is 
coming down, it is certainly more of 
an option today than it was just two 
years ago. Even today, GaN offers cost 
benefits over other technologies when 
viewed in terms of dollars per watt, 
as opposed to the standard dollars 
per square millimeter comparison. As 
the frequency increases from S- and 
X-Band to Ku-Band, GaN’s dollars 
per watt cost offers a markedly bet-
ter value than GaAs and other exist-
ing technologies, both now and in the 
years ahead. ■

volume manufacturing using a lower 
cost substrate. The company’s 28 V, 
5 W NPTB00004 and NPTB00025 
RF power transistors are increasingly 
popular for military communication 
applications. In addition, Nitronex 
has recently introduced a new family 
of 48 V GaN-on-Si RF power tran-
sistors that operate up to 4000 MHz, 
are designed for CW, pulsed and lin-
ear operation, and include plastic 
and ceramic package options. The 
NPT2010, for example, is optimized 

cations, such as commercial and mili-
tary communications. The inherent 
broadband and high gain features of 
GaN lend themselves well for fixed 
mobile markets. The ability of GaN 
to maintain gain and stability at lower 
DC voltages is especially suited for 
mobile and portable communications, 
such as military manpack and land 
mobile radio handsets.

Nitronex has been a leader in GaN 
manufacturing with its unique GaN 
on Si process that allows for higher 
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Ciao Wireless, Inc.  4 0 0 0  V i a  P e s c a d o r,  C a m a r i l l o ,  C A  9 3 0 1 2

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

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

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

Visit our web site at www.ciaowireless.com for our complete product offering.
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The increasing breadth of uses for GPS technology, 
which now sees systems evident in virtually every opera-
tional aspect of a country’s armed forces, will further drive 
the market, with auto-landing for aircraft, GPS embedded 
uniforms, and the development of GPS guided parachutes 
just some of the wide range of military applications for 
GPS technology that will help precipitate growth through 
to 2023.

The austerity measures adopted by a number of west-
ern countries – such as the U.S., Germany, France, Italy 
and the UK – are however expected to adversely affect the 
growth rates in the sector. Whilst the continued fallout of 
the global economic crisis are set to remain a detrimental 
factor to the market’s growth, this impact is predicted to 
taper off toward the end of the coming decade. 

To capitalize on the opportunities presented by market 
growth, organizations with a vested interest in the global 
GPS/GNSS devices market must remain sensitive to the 
key drivers of the market, thereby facilitating informed 
business decisions that maximize profits with minimized 
risk.

Advancement in Anti-Jamming
The recent increase in jamming and spoofing activities 

has resulted in the creation of a relatively new market in 
the sector, that of the anti-jamming devices and related sys-
tems. The illegal sale of jamming devices on the Internet, 
and their subsequent proliferation, particularly by rogue 
nations and terrorist outfits, has made their purchase al-
most mandatory by countries across the world. Products 
are now being launched to counter these threats, either by 
overcoming jamming signals or locating their source. This 
is expected to act as a significant driver on the global mili-
tary GPS/GNSS market to 2023.

Increased Expenditure on Satellite 
Navigation Programs

A satellite navigation system provides GPS positioning 
from a global perspective, and is thus of utmost importance 
for modern day military operations which rely on accurate 
real time data relating to hostile forces in order to carry 
out precision attacks. It is here that GPS/GNSS devices as-

sume an important role, as they 
are imperative in the transfer of 
signals from satellites back to 
stations on earth.

As a result, several major de-
fense spenders across the globe 
– including India, China, Russia, 
and the UK – have now launched 
or initiated the development 
of satellite navigation systems. 
This is driven by the desire of 
militaries to cover more areas 
and derive as much accurate in-
formation by a range of GNSS 
receivers/sensors in the shortest 
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Cliff Drubin, Associate Technical Editor
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NV Selected as UAV Development Center

The Federal Aviation Administration (FAA) announced 
that Nevada has been selected as one of six locations 
to be a center for unmanned aerial vehicle (UAV) de-

velopment in the United States. As a UAV development 
site, the most likely economic forecast shows that there 
could be thousands of jobs for UAS direct employees with 
an average wage of approximately $62,000; an estimated 
$2.5 billion in economic impact in present dollars; and an 
estimated $125 million in annual state and local tax rev-
enue.

“Being selected as one of six sites for UAV development 
in the country is a historic moment for Nevada,” Gover-
nor Brian Sandoval said. “With the climate and air space 
of Nevada, we are uniquely equipped to help expand the 
development of UAVs. We have also partnered with private 
industry and academia to establish the curriculum neces-
sary to create the UAS civilian workforce of the future in 
Nevada. Our state has been preparing for this selection 
and we are ready to enter this new era of aviation history. 
I thank Senator Reid for his tireless work on this issue and 
the opportunity to work together on this momentous day 
for our state.”

The selection follows Nevada’s application, submitted to 
the FAA in May of 2013. Nevada’s application included the 
state as the direct applicant, and a 28 member team includ-
ing the Nevada System of Higher Education, the Nevada 
National Guard, Bowhead Systems, Navigator Develop-
ment and Drone America. Team members, who represent-
ed a cross-section of public and private partners, industry 
and academic leaders, within the northern and southern 
regions of the state, identified three test ranges and four 
test sites in the state’s application.

Increasing Range of Military Applications 
for GPS/GNSS Devices Will Drive Market

Global spending on GPS/GNSS systems and devices is 
expected to remain robust over the coming decade, ac-
cording to Strategic Defence Intelligence new report – 

The Global Military GPS/GNSS Devices Market 2013-2023 
– which forecasts market growth at a CAGR of 4.6 percent, 
primarily driven by their extensive use alongside associated 
software in modern or fourth-generation warfare.

Courtesy of U.S. Air Force

Courtesy of U.S. Air Force
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DefenseNews

possible time. It is also worth noting that the commercial use 
of this technology for non-combat purposes is increasing and 
is expected to encourage expenditure by helping to lower 
the overall costs of GNSS/GPS receivers.

USAF Awards LM Contract to Complete Two 
More GPS III Satellites

The U.S. Air Force has awarded Lockheed Martin 
more than $200 million in contract options to com-
plete production of its fi fth and sixth next-generation 

global positioning system satellites, known as GPS III.
Last February, the Air Force awarded Lockheed Martin a 

fi xed price $120 million contract to procure long lead parts for 
a second set of four GPS III space vehicles (SV 05-08). This 
new award provides funding to complete the fi rst two satel-
lites (SV 05-06) in this order. Full production funding for the 
next two space vehicles (SV 07-08) is expected in 2014.

Lockheed Martin is already under contract to produce 
four GPS III space vehicles (SV 01-04). The fi rst two GPS III 
satellites are currently on the production fl oor at Lockheed 
Martin’s GPS III Processing Facility (GPF) in Denver, CO.

“Lockheed Martin’s GPS III program has a rigorous 
testing plan and mission success focus aligned with the 

Air Force’s back-to-basics approach, and is specifi cally 
designed to enable predictable and affordable recurring 
production through disciplined development and early risk 
reduction,” said Mark Stewart, vice president of Lockheed 
Martin’s Navigation Systems mission area.

GPS III is a critically important program for the Air 
Force, affordably replacing aging GPS satellites in orbit, 
while improving capability to meet the evolving demands 
of military, commercial and civilian users. GPS III satellites 
will deliver three times better accuracy, provide up to eight 
times improved anti-jamming capabilities, and include en-
hancements that extend spacecraft life 25 percent further 
than the prior GPS block. It will be the fi rst GPS satellite 
with a new L1C civil signal designed to make it interop-
erable with other international global navigation satellite 
systems.

The GPS III team is led by the Global Positioning Sys-
tems Directorate at the U.S. Air Force Space and Missile 
Systems Center. Lockheed Martin is the GPS III prime 
contractor with teammates Exelis, General Dynamics, In-
fi nity Systems Engineering, Honeywell, ATK and other 
subcontractors. Air Force Space Command’s 2nd Space 
Operations Squadron (2SOPS), based at Schriever Air 
Force Base, CO, manages and operates the GPS constella-
tion for both civil and military users.
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EU and South Africa to Step Up Cooperation 

T he EU and South Africa will step up collaboration 
in the fields of earth observation, research infra-
structures and global health research, senior officials 

agreed at the 12th Joint Science and Technology Coopera-
tion Committee meeting. The meeting took place to review 
and plan new priorities of collaboration under the new Ho-
rizon 2020 EU research and innovation programme and 
similar South African research programmes.

In December 2013, the European Commission 
launched the first calls under Horizon 2020, with sever-
al focus areas for cooperation with Africa in general and 
South Africa more specifically. 

In the context of the post-2015 strategy for the Group 
on Earth Observations (GEO) both parties will explore a 
possible joint action to support the AfriGEOSS initiative 
and Africa-EU GEO-related cooperation. In the domain 
of research infrastructures, the EU and South Africa will 
discuss synergies between the European Strategy Forum 
for Research Infrastructures (ESFRI) and the South Afri-
can national research infrastructure roadmap. Cooperation 
in the area of radio astronomy will specifically be encour-
aged, including support for the Africa-European Radio-As-
tronomy Platform (AERAP). In preparation for the second 
programme of the European and Developing Countries’ 
Clinical Trials Partnership, the EU and South Africa will 
work together to mobilise broader African participation. 

The meeting took note of South Africa’s planned asso-
ciation to the EUREKA Network for industrial research. 
Another possible future area of cooperation discussed was 
marine research.

Astrium and Inmarsat Sign Agreement on 
Global Xpress 

A strium and Inmarsat have reached a strategic distri-
bution partnership agreement which will see Global 
Xpress® high-speed broadband services made avail-

able to Astrium Services’ large partner and customer base 
through its worldwide distribution channels. The strategic 
agreement will cover key vertical markets, including the 
maritime as well as the government and defence sector, 
initially in Europe. In due course, the Astrium Services 
Global Xpress offering will encompass all service types – 
packaged services, bandwidth capacity, as well as commer-
cial and military Ka-Band.

Inmarsat’s Global Xpress Ka-Band satellite network will 
provide a seamless worldwide broadband service. The first 
Global Xpress satellite was successfully launched on 8 De-
cember 2013 and is on schedule to achieve global coverage 
by the end of 2014. Astrium Services customers will ben-
efit not only from the world’s first globally available mobile 
broadband network, but also from a comprehensive range 
of global connectivity services designed for commercial 
and government markets.
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“This agreement is the natural continuity of a long-stand-
ing partnership between Astrium Services and Inmarsat,” 
Evert Dudok, CEO of Astrium Services said. “Astrium Ser-
vices has been Inmarsat’s number one distribution partner 
since we acquired Vizada in December 2011. We are eager 
to continue this strong relationship by bringing the ben-
efits of Global Xpress to 
our customers using our 
satcom expertise.”

Rupert Pearce, CEO 
of Inmarsat said: “We are 
delighted that Astrium has 
committed to continue its 
long and valued partner-
ship with Inmarsat into 
the Global Xpress era. 
Global Xpress is going to change the game in mobile satel-
lite connectivity and we are delighted that Astrium Services 
is joining us in bringing the benefits of the world’s first high 
speed global broadband service to its impressive portfolio 
of customers. Astrium serves an unparalleled range of mar-
ket segments and, together with their powerful network of 
service providers, will help make Global Xpress the pre-
ferred choice for end-users in those segments, extending 
and deepening our global business partnership.”

EU Boosted by Eight New Research 
Partnerships 

T he European Commission has launched eight con-
tractual Public Private Partnerships (cPPP) of strate-
gic importance for European industry. The partner-

ships will leverage more than €6 billion of investments 
to be allocated through calls for proposals under Horizon 
2020. Each euro of public funding is expected to trigger 
additional investments of between €3 and €10 to develop 
new technologies, products and services which will give 
European industry a leading position on world markets. 

European Commissioner for Research, Innovation and 
Science Máire Geoghegan-Quinn said: “Europe needs in-
dustry to innovate to create income and jobs.” She contin-
ued, “We want these contractual PPPs to have a substantial 
impact on the competitiveness of the EU industry, on sus-
tainable economic growth and the creation of new high-
skilled jobs in Europe.”

A number of the eight cPPPs are relevant for the RF 
and microwave industry, with the most significant be-
ing Advanced 5G networks for the Future Internet (5G), 
aimed at stimulating the development of network internet 
infrastructure to ensure advanced ICT services for all sec-
tors and users.

Vice President Neelie Kroes, commissioner responsible 
for the digital agenda, said: “This is a great opportunity for 
Europe. These PPPs will maintain our global lead in robot-
ics, photonics, high performance computing, telecoms and 
give us a head start in smart cities, intelligent transport, 
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education, entertainment, 
media and other promis-
ing markets. Combined 
with a comprehensive in-
dustrial strategy, the PPPs 
will ensure vigorous Euro-

pean leadership and a better future for all.”
The cPPP areas represent a large part of the European 

economy. The telecommunications sector, for instance, 
employs at least 1.2 million in the EU and Europe has a 27 
percent share of a €17,000 billion global market, while the 
photonics industry employs 300,000 people directly, with 
a share of 18 percent of the €350 billion global photonics 
market. Also, European manufacturing industry generated 
an added value of €1,400 billion in 2010 and accounted 
for more than one in five European jobs, while the process 
industry sector accounts for 6.8 million jobs in more than 
450,000 enterprises.

European Standardisation Expert Seconded 
to China

Major economic, political and social changes in Asia, 
Europe and other regions of the world are shap-
ing new markets and creating new opportunities 

for trade and investment 
relations between these 
regions and Europe. Rec-
ognizing the importance 
of these developments, 
CEN, CENELEC and 
ETSI in partnership with 
the EC and EFTA, are in-
tensifying the cooperation 
on standardization issues 
with these regions. 

This endeavour is 
aligned with the EU pol-
icy to promote European 
Standardization in strate-
gically important regions/countries. After two successful 
phases of the SESEC project (2006-2008 and 2009-2011), 
the stakeholders (EC, EFTA and the ESOs) are recruit-
ing a third Seconded European Standardization Expert in 
China (SESEC III).

CEN is managing the project and reports to the SE-
SEC III project Steering Committee, involving the three 
ESOs, the European Commission and EFTA. The contract 
foresees the appointment of an expert who will be trained 
by partners, prior to operating in China for a period of 36 
months.
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a TESEQ Company a TESEQ Company

Teseq, IFI & 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:
	 Amplifiers	for	EMC,	ISM,	telecom	and	defense
	 Solid-state	class	A	and	class	AB	models
	 CW,	pulsed	and	combined	TWT	amplifiers
	 Tetrode	tube	amplifiers

What	makes	us	unique:
	 Rugged,	reliable	design	for	EMC	testing	with	any	load
	 Higher	power	at	lower	frequency	to	compensate	for	antenna	gain	
	 Compact	design	with	modular	architecture
	 Up	to	5	years	warranty
	 Local	service	through	Teseq’s	own	service	organizations

Teseq	Inc.  Edison, NJ  USA
T + 1 732 417 0501  www.tesequsa.com

“Europe needs 
industry to innovate...”

Major economic, 
political and social 

changes… are 
shaping new markets 

and creating new 
opportunities for 

trade and investment 
relations… 
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0.1 MHz - 20 GHz

TINY ToughEST MIXERS
uNDER ThE SuN

NoW

Rugged, tiny ceramic SIM mixers  
offer unprecedented wide band, high frequency 
performance while maintaining low conversion
loss, high isolation, and high IP3.   
   Over  21 models in stOck are available to operate 
from an LO level of  your choice, +7, +10, +13, and 
+17 dBm. So regardless of the specific frequency 
band of your applications, narrow or wide band, 
there is a tiny SIM RoHS compliant mixer to select 
from 100 kHz to  20 GHz. Built to operate in tough 

environments, including high ESD levels, the SIM 
mixers are competitively priced for military, 
industrial, and commercial applications. Visit our 
website to view  comprehensive performance  

data, performance curves, data sheets, pcb layouts, 
and environmental specifications. And, you can 
even order direct from our web store and have it in 
your hands as early as tomorrow! 

       RoHS compliantU.S. Patent #7,027,795

$495
ea. qty.  1000

Up to 20 GHz!

SIM

from  

0.2"x 0.18"

.

Mini-Circuits...we’re redefining what VALUE is all about!
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Mini-Circuits®

www.minicircuits.com    P.O. Box 35166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com
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Plastic
Ceramic

515 rev C

$199
from ea.(qty.  1000) DC  - 20 GHz 2W ATTENUATORS

Ultra Small  2x2mm

RoHS compliant

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 
the harshest conditions. With sample prices starting at 

only $4.95 ea. (qty. 20), these units are qualified to meet 
MIL requirements including 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 

as soon as tomorrow!

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

FREE Simulation Models! 

Mini-Circuits®

www.minicircuits.com    P.O. Box 35166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com
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C-RAN stands for both centralized RAN and cloud 
RAN, and is based around the idea of enabling lower cost, 
centralized control of radio resources in a baseband hotel 
or pool — much like a data center. If Intel can merge all 
four workloads on its platforms, then it will be well po-
sitioned to acquire a major portion of the C-RAN silicon 
market. 

IMS Deployments Edging Up as Leading 
LTE Operators Ramp for VoLTE, Reaching 
US$4B by 2017

A BI Research finds IMS Core Network deployments 
are edging up as operators put the necessary infra-
structure and capacity in place for planned 2014 

VoLTE launches. Spending for the core network products 
(HSS, CSC, Media Controllers and Gateways, MSF, IBCF, 
SBC and P-CSCF) integral to a functioning IMS network 
will reach US$4 billion by 2017. “We see increasing IMS 
Core Network revenues through 2017,” comments Joe 
Hoffman, research director, “after which IMS revenues 
will flatten and reflect capacity expansion.”

IMS spending for mobile 4G markets follows the LTE 
deployments, as operators seek to get their network cover-
age in place, stabilized and compatible mobiles for VoLTE 
become available. The leading LTE market, North Amer-
ica, will peak 2015 to 2016, while the largest market, Asia-
Pacific shows continued 
growth into the foresee-
able future. Virtualization 
will be widespread since 
much of the IMS solution 
is delivered on ×86 archi-
tecture and works on bare 
metal or virtualized plat-
forms.

While the IMS driver 
is clearly VoLTE, opera-
tors will also find com-
petitive advantage with a standardized, network-integrated 
solution that can also deliver superior user experience for 
WebRTC and OTT services under network congestion. 
“Many operators will take a wait-and-see attitude as they 
already have 3G and CSFB for voice,” continues Hoffman, 
“but they will quickly comprehend the monetization ad-
vantage with 4G and Voice, and adjust their strategies.” 
Simply put, the whole world is moving to all-IP, and 4G/
IMS/VoLTE is the standard migration path for Telecom.

4G LTE Connections to Reach 2B in 2018

Global 4G LTE connections will grow from 238 mil-
lion in 2013 to 2 billion in 2018 according to a new 
forecast from Strategy Analytics’ Wireless Operator 

Strategies service. The report, “Worldwide Cellular User 

Intel Acquires Mindspeed’s Wireless 
Business

Mindspeed has announced that Intel is acquiring its 
wireless business for an undisclosed sum. Mind-
speed announced its acquisition by MACOM last 

month and at the same time its intention to look for a buyer 
for its wireless assets. The Intel deal is expected to close 
this month.

ABI Research reported on Mindspeed’s potential shift 
in strategy in the May 2013 ABI Insight, “A Change of 
Mindspeed,” which was when Mindspeed announced that 
it was seeking strategic alternatives and retained Morgan 
Stanley to assist in the process. With last month’s MACOM 
acquisition, it appears as though the final piece of the puz-
zle is falling into place.

Mindspeed, a spin-off from Conexant Systems, acquired 
the U.K.-based small cell SoC designer Picochip in Janu-
ary 2012 for US$75 million. Mindspeed stands out because 
of its strong share positions in small cells. Mindspeed also 
claims the top spot for overall share of the small cell base-
band SoC market and almost half of the 3G small cell busi-
ness in 2012, which includes its Transcede SoC portfolio.

Mindspeed brings market leading small cell baseband 
SoCs to Intel and a strong roadmap and portfolio for 

LTE. It can count among 
its design-ins: ip.access, 
Cisco/Ubiquisys, Alcatel-
Lucent, Sagem, Argela, 
GWT, Alpha Networks, 
Contela, ZyXEL, Askey, 
C&S Micro and SK Tele-
sys. Earlier in 2013, Mind-
speed claimed 60 design 
engagements, 34 of which 
were for LTE. Mindspeed 
stands out among semi-
conductor vendors’ ship-

ping solutions for all four access technologies: HSPA, TD-
SCDMA, TD-LTE and FD-LTE.

In addition to the Mindspeed/Picochip acquisition in 
the rapidly consolidating small cell SoCs market, ABI Re-
search has already seen Broadcom acquire Percello and 
Provigent in 2011 and NetLogic in 2012; Cavium acquire 
Wavesat in 2011; and Qualcomm acquire DesignArt. Now 
there is a new entrant alongside the remaining and more 
established players, which includes Qualcomm, Freescale, 
Broadcom and Cavium.

Intel says that its platforms already handle application 
processing, control processing and packet processing. 
With the Mindspeed acquisition, it can now also offer the 
“Fourth Workload:” signal processing. According to the 
company, its goal is to consolidate all four workloads on 
IA. It claims to have made progress on this in its collabora-
tion agreements with SKT and China Mobile on C-RAN 
architectures.

Go to mwjournal.com for more commercial market news items
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Forecasts, 2013-2018,” predicts that LTE networks will ac-
count for almost half of mobile service revenue globally by 
2018, up from under 10 percent in 2013.

The U.S., Japan and South Korea are finally starting 
to see their grip on the global LTE market weaken in the 
second half of 2013. Their share of global connections will 

fall from 90 percent at the 
start of 2013 to 76 percent 
by year end, with West-
ern Europe in particular 
generating more mean-
ingful 4G volume as LTE 
increasingly penetrates 
operators’ smartphone 
portfolios.

“Even in 2014, the 
U.S., Japan and South Korea will remain the dominant 
LTE markets, but all eyes will be on China,” comments 
Phil Kendall, director of Strategy Analytics’ Wireless Op-
erator Strategies service and author of the report. “With 
TD-LTE licenses now awarded and China Mobile par-
ticularly keen to expand and launch its already large pre-
commercial network, China should be the catalyst driving 
lower-cost 4G devices into the global market over the next 
two years.”

Susan Welsh de Grimaldo, director, wireless operators 
& networks, added, “Mobile operators are increasingly 

looking to LTE for value creation in the market, with the 
technology currently generating average revenue per user 
(ARPU) almost four times the global average. That premi-
um is more a result of the regional mix of LTE connections 
at present and we forecast just 1.5 percent annual growth 
in wireless service revenue over the next five years. In this 
scenario, LTE is more about securing higher-value custom-
ers than accelerating market growth.” “…China should be 

the catalyst driving 
lower-cost 4G devices 
into the global 
market…”

Wireless Service Revenue by Generation

Source: Strategy Analytics, 2013
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Mergers & Acquisitions
AMETEK Inc. has acquired the Teseq Group, a manufac-
turer of test and measurement instrumentation for elec-
tromagnetic compatibility (EMC) testing, for $92 million. 
Headquartered in Luterbach, Switzerland, the privately 
held company has annual sales of approximately $53 mil-
lion. Teseq manufactures a broad line of conducted and 
radiated EMC compliance testing systems and RF amplifi-
ers for a wide range of industries, including aerospace, au-
tomotive, consumer electronics, medical equipment, tele-
communications and transportation. Teseq joins AMETEK 
as part of its Electronic Instruments Group (EIG).

Koch Industries Inc. has completed its $7.2 billion acqui-
sition of Molex Inc. The acquisition was finalized through 
the merger of Koch Industries’ wholly owned subsidiary, 
Koch Connectors Inc., with and into Molex. As a result of 
the merger, Molex is now an indirect wholly-owned sub-
sidiary of Koch Industries Inc., retaining its name and 
headquarters in Lisle, IL. The company will continue to 
be operated by its current management team. Under the 
merger agreement, all of the outstanding shares of Molex 
were converted into a right to receive $38.50 per share in 
cash, plus an adjustment of $0.18 per share representing 
a pro rata portion of the regular quarterly cash dividend.

TRM Microwave Inc. announced that it has completed 
the acquisition of the high-power product line of Putnam 
RF Components of Manchester, NH.

Collaborations
Anritsu Co. announces a working cooperation with Wild 
River Technology to provide test solutions that meet the 
rigorous test requirements associated with high-speed 
serial data interconnects, SERDES testing, cables and 
backplanes used in Next Generation Networks (NGN). As 
part of the cooperation, Anritsu has introduced the Wild 
River Technology CMP-28 and CMP-32 channel model-
ing platforms as complements to the Anritsu VectorStar™ 
MS4640B VNA series. Together, the CMP platforms and 
VectorStar provide a means of accurately verifying mea-
surement-simulation correlation for signal integrity engi-
neers and designers working on high-speed systems rang-
ing from 6 to 32 Gbps data rates.

Micron Technology Inc., a provider of advanced semi-
conductor solutions, announced its collaboration with 
Broadcom Corp. to develop the industry’s first solution 
designed for customers challenged by an intrinsic DDR3 
timing parameter called tFAW, or four activate window. The 
Micron solution validated by Broadcom reduces the tFAW 
value from 35 ns to 30 ns for a 2 KB page size, DDR3-2133, 
improving operations per second by 18 percent. The four 
activate window solution enables Broadcom’s BCM88030 
200 Gb/s NPU to achieve extremely scalable L2, IPv4 and 

IPv6 lookup capacities at wire speed performance using 
Micron’s DDR3 memory.

CEA-Leti announced an agreement with Qualcomm 
Technologies Inc., a subsidiary of Qualcomm Inc., to as-
sess the feasibility and the value of Leti’s sequential 3D 
technology, in which Leti has shown a number of signifi-
cant technical advances. The arrangement between Leti 
and Qualcomm Technologies will allow the critical assess-
ment of this technology in the context of practical appli-
cations, further evaluating the potential impact of this se-
quential 3D technology for future industrialization.

Ericsson successfully supported Telstra, an Australian 
telecommunication operator, in further enhancing its LTE 
Advanced (LTE-A) commercial service network. Telstra 
and Ericsson successfully demonstrated 300 Mbps down-
link speeds for a data transfer across Telstra’s live network. 
The demonstration used Ericsson’s commercially released 
LTE-A software which aggregated 20 MHz bandwidth 
within the 1800 MHz band and 20 MHz bandwidth within 
the 2600 MHz band. The demonstration included down-
loading video content while measuring download through-
put.

New Starts
Agilent Technologies Inc. revealed the name of the elec-
tronic measurement company it expects to spin off in early 
November 2014 as Keysight Technologies. The name 
Keysight conveys the ability to see what others cannot, of-
fering the critical or key insights to understand and unlock 
the changing technology landscape. Keysight will concen-
trate solely on the electronic measurement industry, focus-
ing on its test and measurement customers. The new com-
pany will include the entire portfolio of Agilent electronic 
measurement products and the largest sales and support 
team in the test and measurement industry. Keysight will 
be headquartered in Santa Rosa, CA and have approxi-
mately 9500 employees in 30 countries.

NXP Semiconductors and Datang Telecom Technology 
Co. Ltd. have established a joint venture that is claimed 
to be the first true automotive semiconductor company 
in China. The joint venture will focus on developing and 
marketing semiconductor solutions for the domestic hy-
brid and electric car market, a top priority in the latest 
five-year plan of the Chinese government. The new com-
pany – Datang NXP Semiconductors Co. Ltd. – will be 
headquartered in Nantong, China, close to Shanghai. It 
will be a fabless company that primarily serves the domes-
tic Chinese market, focusing on the research, development 
and sale of advanced application specific automotive ICs in 
high performance mixed signal technology.

Achievements
The Z-Wave Alliance, an open consortium of leading 
global companies deploying Z-Wave, the world’s larg-
est ecosystem for wireless control products and services, 
announced the approval of radio frequency allocations 
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that will bring Z-Wave control and automation to the 
South Korean market. The Korean Communications 
Commission (KCC), in tandem with the nation’s regula-
tory National Radio Research Agency (RRA), has approved 
three frequency bands suitable for Z-Wave’s sub-gigahertz 
transmission protocol. The approval of these frequencies 
for control and automation applications brings the bene-
fits of the world-standard Z-Wave wireless protocol to the 
world’s most advanced nation for information and commu-
nications technology (ICT), according to the International 
Telecommunications Union (ITU).

Isola Group S.a.r.l. announced that its plant in Suzhou, 
China has received ISO/TS 16949 certification. This is the 
company’s third such certification, which represents the 
highest international quality standard for the automotive 
industry. Isola’s plants located in Duren, Germany and 
Huizhou, China are similarly certified. The certification 
of the Suzhou facility is a significant achievement in the 
company’s strategic roadmap to further its presence in the 
automotive market.

San-tron Inc. announced that it has achieved its AS9100 
certification, a quality standard for companies that design, 
develop or produce aerospace products. This certification 
along with its ISO 9001:2008 certification means that San-
tron has met all of the requirements specific to aerospace 
product safety and reliability.

EADS North America Test and Services announced 
that its software, hardware and systems development unit 
has been appraised at Level 3 of the CMMI Institute’s 
Capability Maturity Model Integration (CMMI) for 
Development. The appraisal was performed by Delivery 
Excellence Inc. CMMI is a process improvement model 
that provides organizations with the essential elements of 
effective processes that ultimately improve their perfor-
mance. An appraisal at maturity level 3 indicates the or-
ganization is performing at a “defined” level. At this level, 
processes are well characterized and understood, and are 
described in standards, procedures, tools and methods. 

Contracts
The U.S. Navy has awarded BAE Systems a three-year, 
$171 million contract to continue providing engineer-
ing and integration support to its Fleet Ballistic Missile 
Program. Specifically, the work will focus on the Navy’s 
Trident II D-5 submarine-launched ballistic missiles. The 
company has supported the Navy’s Trident D-5 program 
for more than 50 years, including during the evolution of 
the program through the Polaris, Poseidon and Trident 
lifecycles. The current design and development of the 
U.S./U.K. Common Missile Compartment is part of the 
Ohio Class Submarine replacement program.

Rockwell Collins has been selected by the Defense 
Advanced Research Projects Agency (DARPA) to develop 
a direct conversion digital receiver based on photonic tech-
nology. The three-year contract for the DISARMER pro-
gram is valued up to $8.5 million. Rockwell Collins seeks to 
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apply the photonic analog to digital converter (ADC) tech-
nology developed under the recently completed DARPA 
RADER program to create a digital receiver that can ac-
commodate X-Band frequencies. 

Comtech Telecommunications Corp. announced that 
its Santa Clara, CA-based subsidiary, Comtech Xicom 
Technology Inc., received an order for approximately $7 
million from a U.S.-based system integrator for traveling 
wave tube amplifiers (TWTA) for a major U.S. Army satel-
lite communications program.

Exelis is supporting Japan’s forecasting capabilities with 
the delivery of its first advanced weather satellite payload 
to Mitsubishi Electric Corp., based in Japan. Mitsubishi 
Electric will integrate the AHI into the Himawari-8 satellite 
for the Japan Meteorological Agency. The Himawari-8 and 
-9 geostationary satellites will replace the Multifunctional 
Transport Satellite (MTSAT) series. Himawari-8 is sched-
uled to launch next year. Unlike the MTSAT series, which 
performs both meteorological and aeronautical functions, 
to include air-traffic control communications and position 
information, Himawari-8 and -9 will have a dedicated me-
teorological mission.

People
Jackie Lau joins OML as its new product marketing man-
ager. Graduating with a bachelor of science degree in mar-
keting from San Jose State, Lau brings with her 12 years 
of sales, marketing and management experience from the 
retail industry. She is looking forward to bringing her pas-
sion to the millimeter wave industry. 

James (Jim) Riter has joined the 
Richardson RFPD sales team. He is fo-
cused on the RF, wireless, energy and 
power markets as a field sales engineer, 
supporting customers in NJ and eastern 
PA. Prior to joining Richardson RFPD, 
Riter worked as director, business de-
velopment & marketing for MECA 
Electronics, where he was responsible 

ss James Riter
for global sales and marketing projects. 

Prior to that, he was director of sales & marketing for 
SGMC Microwave. He received a bachelor of business ad-
ministration degree from County College of Morris, in 
Randolph, New Jersey.

D.L.S. announced that Tim Lusha is joining its team of 
seminar instructors. Lusha has been with D.L.S. for the 
past 17 years. He has four iNARTE certifications: EMC 
Engineer, EMC Laboratory Engineer, EMC and ESD 
Technician. He is a current member of RTCA/DO-160, 
IEEE and ESDA. Lusha has worked at D.L.S.’s Wisconsin 
facility involved in FCC, EC and VCCI commercial re-
quirements as well as measurement uncertainty, trans-
mitters and calibrations. He is presently at the Wheeling 
location immersed in MIL STD 461 and DO-160 topics, 
custom test setups, software programs and networks for 
lightning and related testing. 
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Solving complex LTE interference challenges is a key design consideration for next-gen smartphones, as the information 
provided below makes clear. With every model you create, you need to develop multiple platforms tailored for different 
regions, and then factor in global roaming, too. As band counts rise and higher filter performance is required, TriQuint 
is leveraging its advanced filter technologies, such as BAW and TC-SAW, to help you tackle the industry’s toughest 
interference problems.

Enabling LTE Advances with Premium Filters

Key Frequency Bands

Band
Duplexer / 
Filter Mode

LTE 
Bandwidths

Recommended Filter /
Duplexer Technology Region(s) of Usage

1 1920 - 1980 2110 - 2170 FDD 5, 10, 15, 20 SAW Asia, EMEA, Japan
2 1850 - 1910 1930 - 1990 FDD 1.4, 3, 5, 10, 15, 20 BAW LatAm, N. Amer.
3 1710 - 1785 1805 - 1880 FDD 1.4, 3, 5, 10, 15, 20 BAW Asia, EMEA
4 1710 - 1755 2110 - 2155 FDD 1.4, 3, 5, 10, 15, 20 SAW LatAm, N. Amer.
5 824 - 849 869 - 894 FDD 1.4, 3, 5, 10 SAW LatAm, N. Amer.
7 2500 - 2570 2620 - 2690 FDD 5, 10, 15, 20 BAW Asia, EMEA
8 880 - 915 925 - 960 FDD 1.4, 3, 5, 10 SAW / TC-SAW EMEA, LatAm
12 699 - 716 729 - 746 FDD 1.4, 3, 5, 10 SAW N. Amer.
13 777 - 787 746 - 756 FDD 5, 10 TC-SAW N. Amer.
17 704 - 716 734 - 746 FDD 5, 10 SAW N. Amer.
20 832 - 862 791 - 821 FDD 5, 10, 15, 20 SAW / TC-SAW EMEA
23 2000 - 2020 2180 - 2200 FDD 1.4, 3, 5, 10, 15, 20 BAW N. Amer.
25 1850 - 1915 1930 - 1995 FDD 1.4, 3, 5, 10, 15, 20 BAW N. Amer.
26 814 - 849 859 - 894 FDD 1.4, 3, 5, 10, 15 TC-SAW Japan, N. Amer.
27 807 - 824 852 - 869 FDD 1.4, 3, 5, 10 SAW LatAm
28 703 - 748 758 - 803 FDD  3, 5, 10, 15, 20 SAW Asia, LatAm
29 N/A - N/A 717 - 728 FDD  3, 5, 10 SAW N. Amer.
30 2305 - 2315 2350 - 2360 FDD 5, 10 BAW N. Amer.
34 2010 - 2025 2010 - 2025 TDD 5, 10, 15 SAW China
38 2570 - 2620 2570 - 2620 TDD 5, 10, 15, 20 SAW Asia, EMEA
39 1880 - 1920 1880 - 1920 TDD 5, 10, 15, 20 SAW China
40 2300 - 2400 2300 - 2400 TDD 5, 10, 15, 20 BAW China, India
41 2496 - 2690 2496 - 2690 TDD 5, 10, 15, 20 BAW China, N. Amer.
42 3400 - 3600 3400 - 3600 TDD 5, 10, 15, 20 BAW EMEA
43 3600 - 3800 3600 - 3800 TDD 5, 10, 15, 20 BAW EMEA
44 703 - 803 703 - 803 TDD  3, 5, 10, 15, 20 SAW Asia

 XGP 2545 - 2575 2545 - 2575 TDD 5, 10, 15, 20 BAW Japan

Mobile Phone
Tx Band (MHz)

Mobile Phone
Rx Band (MHz)

info-mobile@triquint.com  |  www.triquint.com
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As LTE rolls out, the spectrum crunch is forcing new frequency bands to be squeezed next to existing ones, often with 
minimal band guards. You can count on TriQuint’s specialty filters to meet the most stringent performance requirements 
for global and regional applications, including those vexing LTE / Wi-Fi coexistence issues. Whether you’re designing 
smartphones or the network infrastructure that connects them, TriQuint simplifies RF design and boosts performance by 
integrating our premium filters with other components like broadband amplifiers into tiny space-saving modules with  
more functionality.
 

Solving the Toughest RF Challenges 

Spectrum Example for Asia / EMEA

Bands Part # Description
Filter 

Technology Size (mm) Features

Band 38 and 40 885043 LTE B38 / 40 Tx Filter BAW 1.7x1.3x0.5
2-in-1 Filter for Full Band 40 

Coverage with Low Loss

Band 7 TQM976027 LTE SE / SE Duplexer BAW 2.0x1.6x0.9 Excellent Insertion Loss

Band 41 TQQ0041 LTE B41 Rx Filter BAW 2.0x2.0x0.8 Low IL and High Wi-Fi Attenuation

Band 13 TQQ1013 LTE SE / SE Duplexer
TC-SAW & 

SAW
2.5x2.0x0.9

Solution for Public Safety 
NS_07 Requirements

Band 25 and 4 TQQ2504 LTE SE / SE Duplexer SAW & BAW 3.6x2.0x0.9 B25 / 4 Quadplexer

Band 25 (BC14) TQM963014 LTE SE / SE Duplexer BAW 2.6x2.1x0.9 Excellent Triple Beat Performance

Band 2 (PCS) (BC1) TQM966002 PCS SE / SE Duplexer BAW 2.5x2.0x0.9 Excellent Triple Beat Performance

Band 25 TQM966025 LTE Diversity Receive Filter BAW 2.5x2.0x0.8
2.6dB Insertion Loss and 

40dB Tx Attenuation

Band 25 / 26 TQQ2526
LTE Duplexer Bank – 

BAW / TC-SAW
BAW & 

TC-SAW
2.8x4.7x1.0

Diplexed Duplexer for 
B25 / 26 Applications

Band 38 885026 LTE B38 Tx / Rx Filter BAW 1.4x1.2x0.5 Tx or Rx B38 Filter

Band 40 885049 LTE B40 Tx / Rx Filter BAW 1.4x1.2x0.5 Tx or Rx B40 Filter

WLAN 885033 LTE / Wi-Fi Coexist Filter BAW 1.4x1.2x0.5 WLAN BPF Filter B38 / 40 Reject

WLAN 885032 LTE / Wi-Fi Coexist Filter BAW 1.4x1.2x0.5 WLAN BPF Filter B7 / 41 Reject

BC0 / B13 857031
BC0 Notch Filter for SVLTE 

Applications
TC-SAW 2.5x2.0x0.6

Low Loss, High Attenuation and
 High Linearity

BC0 / B13 857061
B13 Notch Filter for SVLTE 

Applications
TC-SAW 2.5x2.0x0.6

Low Loss, High Attenuation and 
High Linearity

Band 13 856879 LTE SE / BAL Duplexer BAW 2.5x2.0x0.6 1.5dB (Tx) / 1.6dB (Rx) Insertion Loss

WLAN 885062 LTE / Wi-Fi Coexist Filter BAW 1.4x1.2x0.5
+28dBm MCS7, Hi Rej B38 / B40, 
Hermetic MSL0, Temp -40 to 95°C

WLAN 885071 LTE / Wi-Fi Coexist Filter BAW 1.4x1.2x0.5
+29dBm MCS7, Hi Rej B7 / B41, 

Hermetic MSL0, Temp -40 to 95°C

WLAN 885070
LTE Coexist / Wi-Fi 

Bandedge Filter
BAW 1.7x1.3x0.5

+30dBm MCS7, Bandedge Rej 2390 
& 2483.5MHz, Hermetic MSL0, 

Temp -40 to 95°C

TriQuint Advanced Filtering Solutions

Spectrum Example for North America

info-mobile@triquint.com  |  www.triquint.com

Crowded Spectrum Drives Filter Complexity / Performance
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The Impact of Electrical and 
Thermal Interactions on 
Microwave PCB Performance
John Coonrod
Rogers Corp., Chandler, AZ

Printed circuit board (PCB) materials are affected by changes in temperature, 
and interactions between electrical and thermal effects can influence the 
performance of microwave circuits fabricated on different PCB materials. 
Heating of high-frequency circuits and PCB materials can occur from devices 
mounted on a circuit or outside sources of energy. A number of different studies 
are detailed here to illustrate how different electrical and thermal interactions 
can influence the behavior of different PCB materials.

PCB properties change when a PCB is 
heated. Interactions between electrical 
and thermal effects can lead to perfor-

mance issues. For example, circuit designers 
often ask how much power a particular PCB 
can handle, and that is very much related to a 

PCB’s electrical and thermal in-
teractions. Understanding these 
interactions and how they can 
impact different circuit board 
properties can greatly assist a 
designer when working with 
and troubleshooting PCB mate-
rials for high-power microwave 
applications.

PCB thermal management 
starts with an understanding 
of the material’s thermal con-
ductivity, and some of those is-
sues were detailed in an earlier 
article by the author appearing 
in this publication.1 The elec-
trical and thermal interactions 
that can occur within a PCB can 
be quite different than thermal 

conductivity, however. Such parameters as 
thermal conductivity and some electrical prop-
erties affect each other.

To better understand the electrical and ther-
mal interactions in a PCB material, it may help 
to represent the material by a thermal model. 
Such a module can be portrayed by hot and cold 
areas or reservoirs connected by a thermal con-
ductive material (see Figure 1a). A typical ther-
mal conductor is copper, with a thermal conduc-
tivity (TC) of about 400 W/m/K which is consid-
ered quite good. For a model that more closely 
resembles the thermal flow in a microstrip PCB 
without plated through holes (PTH), the basic 
thermal model can be modified by having a 
thermal insulator between the hot and cold res-
ervoirs (see Figure 1b). Most substrates used 
in the PCB industry are considered thermal in-
sulators with typical thermal conductivity values 
between 0.20 and 0.30 W/m/K. The top copper 
layer is assumed to be the signal layer (or hot 
reservoir) while the bottom copper layer is as-
sumed to be the ground plane (or cold reser-
voir), and Figure 1b assumes that a heat sink is 
attached to the ground plane.
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s Fig. 1  The basic thermal model illustrates 
heat flow in a PCB (a) while this simple ther-
mal model represents a microstrip circuit (b).

HOT RESERVOIR TH

COLD RESERVOIR TC

SIGNAL CONDUCTOR

H
HEAT FLOW

THERMAL INSULATOR
(CIRCUIT SUBSTRATE)

GROUND PLANE WITH HEAT SINK

THERMAL
CONDUCTOR

H
HEAT FLOW

(a)

(b)
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out degradation of critical properties. 
The MOT is always less than a circuit 
material’s RTI. When reviewing the 
maximum RF power-handling capa-
bility of a PCB, MOT is used as the 
maximum temperature a circuit can 
be exposed to over long periods of 
time.

For example, a circuit with heat rise 
of +70°C above an ambient of +25°C 
must endure a temperature of +95°C 
indefinitely. The RF power that cre-
ates this heat rise is acceptable if the 
circuit has an MOT rating of +105°C. 
But if the circuit’s heat rise is greater 
than +80°C above ambient, the ap-
plied RF power level that created the 
heat rise would not be acceptable.

Material parameters Df and cop-
per surface roughness affect the heat 
produced by a PCB by impacting the 
insertion loss of a circuit, since a circuit 
with high insertion loss will generate 
more heat when RF power is applied 
than a circuit with low insertion loss. A 
circuit with low Df and smooth copper 
surface results in less insertion loss and 
less heat produced when RF power is 
applied. The Dk can also affect loss 
since lower-Dk materials enable cir-
cuits with wider conductors for a given 
impedance, resulting in lower conduc-
tor losses and lower overall insertion 
losses and less heat generated from ap-
plied power. In general, an ideal circuit 
material for high-power applications 
should have low Dk, low Df, smooth 
copper surface, thin substrate material, 
high thermal conductivity, and be ca-
pable of a high MOT. Table 1 provides 
a summary of properties for materials 
used in PCBs that can impact micro-
wave thermal performance.

Other circuit material properties 
important to understanding electrical-
thermal interactions are TCDk and 
TCDf. TCDk is a property of all circuit 
materials and a measure of how much 
the Dk will change for a given change in 
temperature. Similarly, TCDf is a mea-

of the signal conductor. For applica-
tions where the heat is the result of 
RF heating, the heat patterns will be 
similar to the high current density pat-
terns. With this in mind, different heat 
patterns can be projected when com-
paring a transmission line to an edge-
coupled or stub feature in a PCB.

Material Properties
Thermal conductivity is an im-

portant PCB property and most cir-
cuit materials have low thermal con-
ductivity values. Nearly pure PTFE 
substrates have very good electrical 
performance at microwave frequen-
cies, but typically exhibit low ther-
mal conductivity values in the range 
of about 0.2 W/m/K. Some ceramic-
filled PTFE substrates offer improved 
thermal conductivity values, in the 
range of 0.4 to 0.7 W/m/K. In general, 
a PCB material with thermal conduc-
tivity above 0.5 W/m/K is considered 
good and values above 1.0 W/m/K are 
considered extremely good.

Other material properties that af-
fect PCB thermal behavior are coef-
ficient of thermal expansion (CTE), 
glass transition temperature (Tg), 
dissipation factor (Df), dielectric con-
stant (Dk or εr), rated thermal index 
(RTI), copper surface roughness, 
thermal coefficient of dielectric con-
stant (TCDk), and thermal coefficient 
of dissipation factor (TCDf). The CTE 
and Tg properties are typically used 
for reliability considerations. RTI is a 
rating given to UL-rated circuit ma-
terials for the maximum temperature 
the raw material can be exposed to 
indefinitely without degradation in 
material properties. When the raw 
material is made into a circuit, there 
is another rating which is most appli-
cable to the power-handling capability 
of a circuit and that is the maximum 
operating temperature (MOT). MOT 
refers to the maximum temperature to 
which a circuit can be exposed with-

In regard to the basic thermal 
model in Figure 1a, the relationship 
for the transfer of heat between the 
hot and cold reservoirs is:

H kA
T

L
(1)

H kA
T T

L
(2)H C( )

= −
Δ

= −
−

where H is heat flow, k is the ther-
mal conductivity, A is the area at the 
reservoir-thermal conductor inter-
face, DT is the heat difference, and 
L is the length of the thermal con-
ductor joining the reservoirs. In this 
model, it is assumed the temperature 
of the thermal conductor has reached 
equilibrium. The simple model and 
the equations indicate that less heat 
transfer will occur between reser-
voirs for a thermal conductor with low 
thermal conductivity. This is the case 
when considering the microstrip cir-
cuit in Figure 1b, where the substrate 
acts as a thermal conductor with low 
thermal conductivity. The distance 
between the reservoirs will also im-
pact the amount of heat transferred, 
while a thinner thermal conductor 
will increase heat flow. Increased heat 
flow will allow heat to transfer more 
efficiently to the ground plane (heat 
sink), with the circuit staying cooler.

A rudimentary microstrip circuit 
thermal model assumes that the heat 
is generated on the signal plane, al-
though this may not be entirely cor-
rect. In general, heat can be produced 
within a PCB as an artifact of RF heat-
ing or from an active device mounted 
on the circuit and generating heat. 
When heat is generated by conduc-
tion from a mounted device, the 
simple model that assumes heat flow 
originates on the signal plane is rela-
tively accurate. In the case of RF heat-
ing, the heat is related to insertion loss 
and is often caused by a mix of losses, 
including the losses of the conductor 
on the signal plane and the dielectric 
losses of the substrate material. In this 
scenario, the heat source is not entire-
ly within the signal conductor; howev-
er, for circuits that are relatively thin 
and where conductor losses dominate, 
much of the heat will be generated 
at the signal plane. More specifically, 
heat will be generated in areas where 
the current density is highest, which 
is at the copper-substrate interface 

TABLE I
common materials used in pcb fabrication and typical values of 

properties important to thermal issues

Dk Df Thermal 
Conductivity TCDk

Nearly Pure PTFE 2.2 to 2.4 0.001 0.2 -150

Ceramic Filled PTFE 3.5 0.002 0.5 -30

High Dk Ceramic Filled PTFE >6 0.0025 0.7 -250

Ceramic Filled Hydrocarbon 3.5 0.0035 0.6 50
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Microwave Electrical-
Thermal Interactions

A number of studies were per-
formed on microwave PCBs to better 
understand these electrical-thermal 
interactions on circuits. The first 
study explores differences in thermal 
conductivity only, when DC power 
heats the circuit, ignoring RF power 
and loss issues. The second study ex-
amines external heating of microstrip 
filters and monitors changes in filter 
performance as a result. The third 
study uses RF power to heat trans-
mission line circuits of different con-

A PCB with copper conductors 
can have its performance affected by 
a parameter known as temperature 
coefficient of resistance for copper, 
which is a measure of how much the 
copper resistance changes as the 
copper is heated. This is a relatively 
simple calculation for DC applica-
tions, but it becomes more difficult 
to determine at microwave frequen-
cies. This is because at higher fre-
quencies, conductor loss, which is 
a component of total insertion loss, 
has a frequency dependency on re-
sistivity due to skin depth.

TABLE II
thermal performance comparisons for different transmission-line circuits based on substrates with various 

properties and heat applied RF power at different frequencies and power levels

Circuit Material Transmission 
Line Type Dk Df

Thermal 
Conductivity 

(W/m/K)

Copper 
Surface 

Roughness 
(RMS)

Insertion Loss 
Without Black 

Paint @ 3.4 
GHz (dB/.in)

Insertion Loss 
With Black 
Paint @ 3.4 
GHz (dB/.in)

Heat Rise 
(°C) 30 W 
@ 2 GHz

Heat Rise 
(°C) 85 W 
@ 3.4 GHz

10 mil RT/duroid® 

5880 High Profile 
ED cu

Microstrip 2.20 0.0009 0.20 2.8 0.12 0.18 13 34

10 mil RO4350BTM 
High Profile ED cu Microsrip 3.66 0.0037 0.64 2.8 0.17 0.27 8 22

10 mil RO4350B 
High Profile ED cu GCPW, w18s6 3.66 0.0037 0.64 2.8 0.20 0.43 9 27

20 mil RO4350B 
High Profile ED cu Microstrip 3.66 0.0037 0.64 2.8 0.12 0.19 7 29

20.7 mil RO4350B 
LoProTM  
Low Profile ED cu

Microstrip 3.55 0.0037 0.64 0.6 0.10 0.14 3 22

20 mil High Perf 
FR-4 Std. ED cu Microstrip 4.25 0.0200 0.25 1.4 0.36 0.37 10 74

20 mil RT/duroid® 

6035HTC Std. 
ED cu

Microstrip 3.60 0.0013 1.44 1.8 0.08 0.11 2 14

sure of the change in Df with change 
in temperature. These parameters are 
generally considered important for cir-
cuits in environments with changing 
temperatures. A PCB with high TCDk, 
for example, could undergo changes in 
impedance, affecting the performance 
of matching networks as Dk changes 
with temperature. TCDf can be a fac-
tor for circuits with tight loss budgets, 
where an increase in temperature can 
cause a rise in Df and increased loss. 
TCDk and TCDf are properties to 
consider for their impact on electrical-
thermal interactions.
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The circuit design 
was a microstrip 
edge coupled filter, 
a 0.1 dB ripple Che-
byshev design with 
center frequency 
of 2.5 GHz, band-
width of 235 MHz, 
and return loss bet-
ter than 15 dB in 
the passband. Due 
to differences in cir-
cuit fabrication and 
material properties, 
the different filters 

had slight differences in center fre-
quency and bandwidth; however, the 
results of the variations in center fre-
quency were normalized. This study 
intended to show how the PCB prop-
erty of TCDk manifests itself in terms 
of a shift in center frequency when 
the filter is heated. Figure 3 provides 
comparisons of the materials’ report-
ed TCDk values and calculated TCDk 
values for the circuits exposed to dif-
ferent temperatures.

As Figure 3 shows, there are differ-
ences in measured TCDk for actual 
circuits compared to values reported 
on data sheets. There are several rea-
sons for these differences. Data sheets 
are often the results of materials stud-
ied in a clamped stripline resonator 
test where raw substrate is typically 
evaluated. This test uses a loosely cou-
pled stripline resonator and is much 
less sensitive to measurement system 
calibration, cables and connectors. 
This test suffers fewer variables than 
measurements on microstrip edge-
coupled filters, where the center fre-
quency can be altered by calibration, 
cables and connectors. This was in-
tended as a simple study of one circuit 
for each data set; due to limited data, 
statistical validity cannot be assumed. 
In contrast, the clamped stripline 
resonator test on raw substrate was 
conducted across a large number of 
samples and the data are statistically 
sound.

The third study was performed 
using transmission line circuits with 
varying material properties. Addition-
ally, the circuits were heated from RF 
power at different frequencies as well 
as power levels. Table 2 provides a 
summary of the circuit performance 
and critical material properties for the 
circuits evaluated in the third study. 
The insertion loss numbers shown in 

figurations, using dissimilar materials, 
at different frequencies and power 
levels. Finally, a brief study will show 
thermal images of a microstrip band-
pass filter heated due to applied RF 
power and discussion of the different 
heat patterns.

Figure 2 shows the results of a 
study using materials of the same 
thickness, but with significantly dif-
ferent TC. The circuits were based 
on simple double-copper-layer PCBs 
with a surface-mount termination re-
sistor soldered to the middle of the 
circuit. DC power was applied and 
equilibrium temperatures measured 
at different power levels. The circuits 
were mounted on a water-cooled heat 
sink which served as a consistent cold 
reservoir. It is clear to see that the 
circuits using materials with higher 
thermal conductivity had less heat rise 
above ambient (see Microwave Jour-
nal, November 2011 for more infor-
mation on this study).

The next study used circuits made 
on several different materials and all 
circuits with the same nominal design. 

s Fig. 3  Normalized Dk vs. temperature 
chart for common high-frequency PCB 
materials.
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are the same thickness and with very 
similar material properties, however 
the copper surface roughness is sig-
nificantly different. The benefit of 
smoother copper can be seen in lower 
temperature rise.

Lastly the circuits in rows six and 
seven are the extreme comparisons. 
The material in the last row has the 
best combination of properties for 
this study and the data shows the least 
amount of heat rise when comparing 
the different power levels at the dif-
ferent frequencies. An example of 
some thermal images taken is given in 
Figure 4, showing differences for the 
circuit materials in rows two and four.

The photos shown in Figure 4 are 
a top view of the circuits with the sig-
nal launch area at the upper portion 
of the picture. The pictures show heat 
rise differences of two circuits using 
the same materials and the only sig-
nificant difference is the substrate 
thickness. The benefit of a thinner 
circuit with a shorter heat flow path is 
demonstrated with the higher power 
testing.

The final study was performed to il-
lustrate differences in heat patterns for 
other microwave circuit designs, which 
can differ greatly from transmission line 
patterns. A common edge coupled filter 
was used as example for this study.

The filter evaluated was based on 20 
mil thick RO4003C circuit laminate. 
It was designed for a center frequency 
of 2 GHz, bandwidth of 175 MHz, and 
passband return loss of 15 dB. After the 
application of the black paint, several 
properties shifted and the center fre-
quency was 2.010 GHz, bandwidth of 
156 MHz and insertion loss of 6.5 dB 
in the passband. Figure 5 gives details 
of the filter along with thermal images 
while RF power was applied.

Figure 5c shows the heat pattern 
of the microstrip bandpass filter at 
the center frequency with 30 W of ap-
plied RF power. If, for example, the 
applied power is shifted in frequency 
by 40 MHz, which is still within the 
passband, the heat pattern will change 
from what is shown. Also in this figure 
is a measurement white line aligned to 
the high temperature areas of the res-
onators for this filter on the left side 
of the circuit. There is a temperature 
mapping in regard to the white line 
and the highest temperature (140°F) 
can be seen at the end of the first cou-
pled resonator.

Table 2 are from testing the circuits 
as a set, using a differential length 
method.2 The circuits used bare cop-
per with no finish or soldermask. For 
this study, the circuits were required 
to have a black paint applied, with a 
known emissivity, for accurate mea-
surement using a thermal imaging 
camera. The black paint increased the 
insertion loss and depending on the 
circuit configuration, the increased 
loss will be more or less significant. 
The circuit in the first row shows a 
copper roughness of 2.8 and this is 
not typical for this material, but it was 
done for purposes of this study. All 
circuits were microstrip transmission 
line circuits with the exception of the 
circuit in the third row – this circuit is 
a grounded coplanar transmission line 
that is tightly coupled; the impact on 
insertion loss due to the paint is more 
significant on this circuit.

There is an abundance of informa-
tion in Table 2 to consider and some 
generalities will be given. The circuits 
in the first two rows have the same 
thickness and copper roughness, how-
ever, much different Df and thermal 
conductivity. It can be seen that even 
though the insertion loss is lower for 
the material in the first row, the ben-
efit of high thermal conductivity is 
shown with lower heat rise at different 
frequencies and power levels.

The circuits in rows four and five 

s Fig. 4  Thermal imaging pictures showing 
the performance of circuits in rows 2 and 4 
(from Table 2), when heated with 85 W  
at 3.4 GHz.
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RF power being applied. Each sce-
nario is affected by circuit material-
related issues and, as has been shown, 
a material with optimum properties 
can ensure a robust design for appli-
cations where thermal management is 
a concern. ■
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When the RF power is shifted in 
frequency by about 80 MHz down 
to 1.93 GHz, which is just below the 
edge of the stopband, a heat pattern 
occurs that is shown in Figure 5d. 
Again the white measurement line 
is the reference for the temperature 
mapping which shows where the high-
est temperature is at first resonator 
elements of the filter. The RF power 
is coming in from the left of the filter 
and a termination load is to the right 
of the filter.

Understanding the material prop-
erty differences of high-frequency cir-
cuit materials is paramount in applica-
tions where thermal issues are a con-
cern. The thermal issues are typically 
divided into two categories, where a 
circuit may be heated from a mounted 
device or the circuit is heated due to 

s Fig. 5  The measured S-parameters for the filter under evaluation (a), the top view of the ba-
sic circuit pattern (b), thermal image of the fabricated filter at its center frequency (2.010 GHz) 
with 30 W applied (c) and the same applied power but at 1.900 GHz which is in the stopband of 
the filter (d).
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Through-Silicon Vias 
and 3D Inductors  
for RF Applications
Thorbjörn Ebefors, Silex Microsystems AB, Järfälla, Sweden
Joachim Oberhammer, KTH Royal Institute of Technology, Stockholm, Sweden

To cope with an increasing number of frequency bands and advanced mobile 
phone standards supporting high data rates, current and future wireless 
communication systems must satisfy stringent performance expectations while 
simultaneously being more energy-efficient and having lower operating costs. 
One major limitation of today’s mobile phones is poor impedance matching of the 
antenna to the RF front end section resulting in poor antenna efficiency. This is 
exacerbated by current trends toward higher miniaturization and integration, 
presenting ever increasing challenges in the design of complex RF systems and 
the management of RF interaction on signal lines. By introducing tunable RF 
elements, the overall system architecture can be simplified, leading to significant 
cost reductions and performance optimization.

This article introduces recent advances 
in RF MEMS vias that allow 3D signal 
routing using silicon interposers and 

make compact, high performance inductors 
commercially available using a combination of 
innovative MEMS techniques. This article also 
discusses why full wafer thickness processing 
makes the RF performance achievable and in-
troduces advanced research in ferromagnetics, 
which can boost performance of the inductor 
component even further.

Performance Requirements for 
Practical RF IPDs

Current mobile phone designs still rely on 
discrete surface-mounted passive devices to 
provide RF signal conditioning throughout the 
handset. A typical mobile phone can have hun-
dreds of surface-mounted passives yet only 20 

to 40 ICs. In a typical mobile phone, the dis-
crete passive components account for 90 per-
cent of the component count, 80 percent of the 
size and 70 percent of the handset cost.1

To date, the industry has responded by re-
ducing the size of the passive components 
down to a 0402 SMD package size, such as 
those recently launched by Murata Corp. in Ja-
pan.2 The cost of mounting these ultra-minia-
ture SMD devices, however, often negates the 
component cost savings. Further reductions in 
size and cost can only come from integrated 
passive devices (IPD) which can still deliver 
the performance required by the handset.

Focusing specifically on inductor compo-
nents, high-Q inductors in the 1 to15 nH range 
with minimal footprints are needed to build 
matching networks that can both correct the 
real as well as the imaginary parts of RF sig-
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XiVia structure) as well as a copper-lined TSV topology (as 
opposed to completely filled TSV). This provides CTE mis-
match relief during temperature cycling. The TSV is plated 
(front and back side) in one plating operation, which is a 
much more cost effective approach to TSV formation than 
typical blind via approaches, which require two separate 
plating operations. The one-step electroplating is what also 
enables the formation of the new 3D inductor. Figure 2 
shows the XiVia structure (the marrying of the small bore 
from the top with the large bore from below, to create a 
locking structure for the TSV in silicon).

3D Inductors in Silicon and RF Performance
Inductors using from 1 to 8 turns were fabricated for 

characterization. Figure 3 is a top-side photomicrograph 
of a three-turn 3D inductor, with a CAD image of the in-
ductor design (silicon removed for illustration). The 8" wa-
fers with inductors on board were temporarily bonded to 
a glass substrate to isolate the readings from the effects of 
the underlying chuck. One- and two-port S-parameters are 
shown in Figures 4 and 5. Q values, derived from mea-
sured Y-parameters, of over 30 at 1 GHz are achieved for 
all inductor designs. In Figure 5, the inductance value for 
each inductor design was determined from a fit of a paral-
lel L-C model, with resistive loss in the L section, to the 
series branch of a pi-model of the measurement data. The 

nals present in mobile communications systems. By using 
a novel 3D through-silicon via (TSV)-based approach, we 
have shown that both one- and two-port inductors with 
Q-factors above 30 for the 0.5 to 4 GHz frequency range, 
while covering an area of about 1 mm2 for inductances of 
a few nH, are not only achievable, but are practical as the 
basis for a new class of IPDs. With next generation TSVs 
currently in development, even further die size reduction 
to much less than 1 mm2 is possible for the same inductor 
values.

Background
Development of this new type of 3D inductor is pur-

sued under the European Union ENIAC Joint Undertak-
ing EPAMO project, a 15-member consortium to explore 
and implement a number of innovative process and testing 
technologies to realize an adaptive 4G radio front end sys-
tem for mobile phones.3 One of the main building blocks 
of the front end is the integrated adaptive antenna tuner, 
consisting of MEMS switches and passive RF 3D-IPDs 
with TSVs and 3D inductors on thin laminate substrates 
(schematically shown in Figure 1). The complete module 
will finally be overmolded. With the availability of adaptive 
RF tuning in mobile handsets, mobile phone power levels 
can be reduced by up to 50 percent with no loss in signal 
strength or integrity. Base station power can also be con-
served, with at least 10 percent power savings achievable.

High-Q inductors are needed to build the IPD match-
ing networks. Miniaturized on-chip inductors, therefore, 
represent critical elements in the overall system. Due to 
the relatively low Q-factor values currently reported for 
on-chip semiconductor thin film components (typically in 
the range of 10 to 20 or lower), the need for new innova-
tive solutions still exists. Addressing this need is one of the 
major goals of the EPAMO project.

Met-Via® TSV Process
Despite much industry work on thin wafer TSV tech-

nologies utilizing wafers as thin as 20 µm (being driven by 
interposers for 3D IC packaging, among other trends), a 
high performance 3D RF inductor requires thicker sub-
strates to maximize inductor length, without increasing 
its IPD footprint. Separating the inductor windings with 
a thick substrate reduces the capacitive as well as mutual 
inductance coupling. This allows the fabrication of com-
pact IPD inductors without compromising inductor values 
or Q factors due to parasitic effects (such as is seen on 2D 
single-sided or CMOS 2-layer fabricated inductors). This 
approach is made possible by copper thru-wafer vias in 300 
µm thick substrates that meet performance and reliability 
requirements for high volume commercial use.

The basis for this TSV is the Met-Via process developed 
at Silex Microsystems.4 This process utilizes XiVia Tech-
nology from ÅAC Microtec which results in a highly reli-
able and ruggedized TSV capable of handling demanding 
temp cycling and operating life requirements. CTE mis-
match between the copper and surrounding silicon is large 
enough that, with repeated temp cycling, a copper TSV can 
cause de-lamination or cracks in the silicon substrate lead-
ing to electrical opens, or breaks, and long term reliability 
concerns. Met-Via TSVs are all-copper electroplated TSVs 
with a unique locking structure for TSV reliability (the 

s Fig. 1  Schematic of front end antenna module.

RF MEMS SWITCH
ARRAY AND PASSIVES IPD

RF DETECTOR

SMDsMEMS-DRIVERLAMINATE

s Fig. 2  Cross section of Met-Via TSV.

s Fig. 3  Microphotograph of three-turn 3D inductor being probed, 
with CAD explosion.
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series and two par-
allel branches were 
determined, by di-
rect calculation, 
from the Y-param-
eters. The inductors 
were characterized 
out to 10 GHz and 
practical RF induc-
tors for frequen-
cies up to 3.6 GHz 
were successfully 
demonstrated as 
well. Stable induc-
tor performance 
was demonstrated 
up to 100°C. The 
self-resonance fre-
quency (SRF) de-
pends on the num-
ber of turns. For 1 
to 6 nH inductors, 
an SRF of above 10 
GHz is achieved. 
The authors are 
working on further 
improving this per-
formance by inte-
grating magnetic 
core material.

IPD vs SMD 
Inductors

To benchmark 
the 3D-IPD induc-
tors vs. commercial-
ly available SMD 
inductors for RF 
front end applica-
tions, the RF MEMS group at KTH 
has done modeling and designs of 
various 3D-IPD inductors using the 
Silex Met-Via RF 3D-IPD process 
and compared these designs to exist-
ing device models.5 Figure 6 illus-
trates three different TSV inductors 
designed to match a 2.7 nH inductor 
from Murata (LQW15AN2N7C00). 
Electromagnetic simulations of the 
inductors were performed using CST 
Microwave Studio and the frequency 
response of the Murata reference in-
ductors was modeled in Agilent ADS. 
Very good inductance matching in 
the 0.4 to 2 GHz frequency regime 
is obtained with Silex 3D inductors 
having an SRF in the 9 GHz range 
and, depending on inductor design, 
Q-values in the 60 to 120 range are 
achieved over the frequency regime 
of interest.

Ferromagnetics: Pushing 
the Performance Boundary

With process support from Oer-
likon Systems in Lichtenstein and 
Veeco Instruments in the U.S., the au-
thors have developed a material plat-
form for utilizing nickel-iron (NiFe) 
magnetic films for the first time at 
GHz frequencies.

On-chip integrated inductors, cur-
rently with a maximum inductance 
density of some few tens of nH/mm2, 
would benefit from magnetic materi-
als that significantly reduce the re-
quired area. At DC to approximately 
10 MHz, the relative permeability of 
NiFe layers is reported to be as high 
as 3000 for thin films, and with an 
optimized electrodeposition process, 
a permeability of 8500 is achieved.6 
Homogeneous NiFe films, however, 
suffer from a number of limitations 

at RF frequencies above 100 MHz. 
Permeability decreases rapidly and 
crosses zero at the ferromagnetic 
resonance, which is around 650 MHz 
for unpatterned thin (100 nm) NiFe 
films.7 For inductor cores, thicker lay-
ers are desired, but RF eddy current 
effects drastically reduce the effective 
permeability, the quality factor and 
even the ferromagnetic resonance 
frequency.

Isolating thin layers of the NiFe 
between sheets of isolating material 
bypasses this limitation and reaps the 
benefits of the ferromagnetic core in 
the inductor design. This effectively 
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s Fig. 4  Q-factors at 1 GHz vs. number of turns in the 3D inductor 
at nine different wafer positions (S01-S09) equally distributed over 
each tested 8" wafer.
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hancement factor of 4.0 at 1 GHz. The 
frequency dependent effective relative 
permeability of the NiFe/AlN multi-
layer composite material (see Figure 9) 
is extracted from the measurements by 
parameter matching of an Ansoft HFSS 
simulation model to the measured in-
ductance per unit length for all individ-
ual frequency points, with the simula-
tion model verified and matched by ref-
erence line measurements. An effective 
permeability of 28 is achieved at 1 GHz, 
and the ferromagnetic resonance ex-
ceeds 3.7 GHz. The permittivity of the 
composite material is also determined 
by special dielectric test structures to an 
effective permittivity of 25. The proce-
dure was verified by measuring known 
SiO2 reference structures.

The multilayer NiFe/AlN compos-
ite material enables an increase in fer-
romagnetic resonance by a factor of 
7.1 as compared to previous work for a 
homogeneous NiFe film with the same 
total thickness,7 and thus pushes the 
usability of commercially manufactur-
able NiFe films beyond 1 GHz (per-
meability cutoff at 3.7 GHz). To the 
authors’ knowledge, an effective per-
meability of 28 at 1 GHz for on-chip 
NiFe layers is the highest yet reported.

To illustrate the effect of magnetic 
core integrated in inductor devices, 
modeling of a 7.5 nH inductor was 
done using a CST Microwave Studio 
simulation model with and without the 
magnetic core in the 3D inductor ge-
ometry. As seen in Figure 10, the SFR 
is drastically improved using a magnet-
ic core even when assuming a relative 
low effective µr of 10 for the thick mag-
netic core material. Simulations have 

a multi-layer NiFe 
and AlN sandwich 
structure. This sup-
presses the induced 
currents very ef-
fectively and at the 
same time increas-
es the ferromag-
netic resonance 
frequency.8,9

Test structures 
for evaluating the 
magnetic proper-
ties of the novel 
magnetic composite 
at RF frequencies 
were designed and 
fabricated with a 
cross-section of the 
microstrip transmis-
sion line test structures shown in Figure 
7. From the measured S-parameters, 
the frequency-dependent characteristic 
impedance and propagation constant 
are derived and used to calculate the 
inductance and capacitance per unit 
length. Figure 8 shows the inductance 
enhancement factor for the NiFe/AlN 
multilayer composite line relative to an 
SiO2 reference line, achieving an en-

increases the thickness of the ferro-
magnetic material without increasing 
its losses. It is accomplished by using 

s Fig. 7  SEM of NiFe/AlN fabricated device.

s Fig. 8  Measured inductance enhance-
ment factor vs. frequency, of microstrip test 
structures with ferromagnetic NiFe/AlN 
multilayer composite, relative to an SiO2 
reference line.
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s Fig. 9  Effective relative permeability of the ferromagnetic NiFe/AlN 
multilayer composite relative to an SiO2 reference line.
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shown that such magnetic materials in 
connection with 3D-TSV inductors re-
sult in an inductance enhancement of 
up to a factor of 5 at GHz frequencies 
for the same inductor area, or the same 
inductance can be achieved at 9 times 
smaller area and cost.

Future Research and 
Commercialization

The EPAMO project’s focus extends 
beyond developing 3D RF inductor 
technology to encompass complete 
adaptive antenna front ends. Toward 
this goal, parallel work is ongoing at 
Silex for PZT-based MIM capacitors 
for IPD and energy harvesting applica-
tions, and thin film resistors for appli-
cations requiring fully integrated R, L 
and C functions in the IPD as well.

Silex and KTH are also collaborat-
ing on separate programs in the areas 
of advanced polymers for improved 
TSV and 3D RF-IPD inductor perfor-
mance. KTH is modeling and design-
ing various RF MEMS devices fabri-
cated by Silex, as well as new research 
programs on THz microwave compo-
nents and subsystems. ■
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CPW-Fed Folded Antenna 
with Forward-Directed 
Radiation Patterns for 
Handheld Dual-Band RFID 
Reader Applications
Ahmed Toaha Mobashsher1,2 and Rabah W. Aldhaheri1 
King Abdulaziz University1, Jeddah, Saudi Arabia 
The University of Queensland2, Brisbane, Australia

A small (16.5 × 45 mm) forward-directional antenna covering the ISM bands 
of 2.45 and 5.8 GHz is designed for the next generation of multi-band compact 
handheld RFID readers. The antenna consists of a folded radiating copper strip 
fed by a CPW microstrip line and a ground plane. The copper strip produces 
surface waves at the operating frequencies that are reflected by the ground 
plane, producing radiation in the forward direction. Details of the antenna 
design and optimization are discussed by formulating closed-form equations 
for the resonances. Only 4 percent difference is found between the theory and 
simulation. The prototype exhibits 8.5 and 4 percent impedance bandwidths 
in the lower and upper operating bands, respectively. Measurements show 
forward-directed radiation patterns with good polarization purity, back radiation 
suppression and peak gain across the bands.

During the last decade, many tech-
niques have been used to make hand-
held RFID devices more compact and 

multi-functional. It is common for a handheld 
RFID reader to employ a vertically radiating 
directional antenna at a right angle with the 
reader; thus the radiation literally becomes 
forward-directional to the reader.1 In this way, 
forward directional antennas can provide high-
er levels of compactness. Quasi-Yagi2 and fold-
ed dipole3 antennas are reported to have uni-
directional radiation patterns taking the advan-
tages of surface waves, but their balun struc-
tures have complex mechanisms to match the 
reflection coefficients of the driver elements 
and resonate at only one operating frequency. 

Recently, a microstrip-fed directional antenna 
was reported.4 Despite claims for long-range 
RFID coverage, it is printed double-sided 
(making it less compact and more difficult to 
integrate with solid-state active and passive 
components; and it, like the quasi-Yagi and 
folded dipole, resonates at only one operating 
frequency. The handheld multi-band antenna 
reported in reference 5 is also inappropriate 
for compact devices due to its large support-
ing ground plane. Although the Yagi antenna 
reported in reference 6 is uni-planar, it is diffi-
cult to incorporate circuitry due to its construc-
tion; and the feed transition of the multi-band 
quasi-Yagi-type antenna described in reference 
7 requires a large area, which increases the an-
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the existing substrate. No metalliza-
tion is applied on the reverse side of 
the substrate.

The longest path of the radiating 
folded strip defines the resonant fre-
quency of the lower operating 2.45 
GHz ISM band. Operation in the up-
per 5.8 GHz ISM band is achieved by 
the appropriate length and positioning 
of the top strip. Following this prin-
ciple, the upper and lower resonances 
can be selected according to the fol-
lowing expressions:8

f
c

1.5L
(1)

f
c

0.7L
(2)

l
1 eff

u
2 eff

≈
ε

≈
ε

where the effective permittivity of the 
substrate is εeff ≈ (εr + 1)/2 ≈ 2.75 and 
c is the speed of light. L1 = l1 + l2 + 
2w1 and L2 = l1 + l2 + l3 + w1 + w2 + 
w3 + t are the dominant lengths of the 
folded strip for resonant frequencies 
fl and fu, respectively. The widths of 
all portions of the radiating strip are 
optimized to be t = 0.5 mm. Paramet-
ric analysis illustrates that, due to the 
importance of current density on the 
performance of this antenna, t should 
be much smaller than the thickness of 
the substrate. In order to verify accu-
racy of the formulas for the resonating 
frequencies, the dominant lengths are 
varied while keeping the other param-
eters unchanged and the resonating 
frequencies are calculated using equa-
tions 1 and 2. The results are compared 
with those produced by the full-wave, 
method-of-moment based electro-
magnetic simulator Zeland IE3D. The 
comparison, shown in Figures 2(a) 
and (b), illustrates that the difference 
between the simulated and calculated 
values is only around 4 percent for 
both operating bands, confirming that 
the equations provide quite an accu-
rate mathematical estimation for the 
required lengths of L1 and L2.

is shown in Figure 1(a) and a photo-
graph of the fabricated prototype is 
presented in Figure 1(b). The radiat-
ing element is a folded strip of cop-
per foil printed on a low cost TMM4 
substrate with 35 µm thick copper 
cladding, a dielectric constant of 4.5 
and a substrate thickness of 1.52 mm. 
The antenna substrate must be thick 
enough to allow a significant number 
of surface waves to be launched into 
the bare-slab portion of the antenna.1 
A transmission line of width (fw) = 3 
mm and length of (fl) = 10 mm is used 
to feed the folded strip. There is a gap 
of d = 0.3 mm between both sides 
of the transmission line and ground 
planes to form 50 V CPW line with 

tenna size significantly.
Inspired by the work reported in 

reference 4, this article describes a co-
planar waveguide (CPW)-fed folded 
antenna with a small profile for hand-
held RFID reader applications. The 
antenna covers the ISM RFID bands 
of 2.45 GHz (2400 to 2483 MHz) and 
5.8 GHz (5725 to 5875 MHz) with 
forward-directed radiation patterns in 
both bands. Details of the antenna de-
sign process and experimental results 
of the prototype are presented.

Antenna Configuration & 
Operation

The geometry and configuration of 
the uni-planar folded RFID antenna 

s Fig. 1  The geometry of the proposed antenna with an enlarged and elaborated view of the main radiating folded strip (a). Photograph of the 
fabricated prototype (b).
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measured return loss. Its impedance 
bandwidth (return loss greater than 10 
dB) for the 2.45 GHz band is 210 MHz 
(2.36 to 2.57 GHz) and for the 5.8 GHz 
band is 230 MHz (5.69 to 5.92 GHz). 
These are equivalent to 8.5 and 4 per-
cent fractional impedance bandwidths 

fore, are critical for the directivity of 
the antenna, especially since there 
are two discrete operating bands. The 
dimensions of the ground planes are 
gw1 = 32.7 mm, gl1 = 10 mm and gw2
= 8.7 mm.

The folding distances l1, l2 and l3
have a prominent effect on the for-
ward-directivity of the antenna. To 
obtain the best performance, these 
are optimized with the values l1 = 
3.15 mm, l2 = 1.6 mm and l3 = 0.6 
mm. Note that the folding distances 
are comparable to the substrate thick-
ness of the substrate or its multiplier. 
Other optimized values are: w1 = 21.7 
mm, w2 = 9 mm and w3 = 6.7 mm. The 
overall dimensions of the antenna are 
approximately 0.13�0 × 0.36�0 (16.5 × 
45 mm), where �0 is the correspond-
ing free space wavelength at lowest 
resonance 2.45 GHz.

SIMULATION & MEASUREMENT
An antenna prototype with the op-

timized parameters was fabricated and 
tested using the Agilent E8357A vector 
network analyzer. Figure 3 shows good 
agreement between the simulated and 

Another way to understand the op-
erating principle of the antenna is by 
studying the excited surface current 
distribution, shown in Figures 2(c) 
and (d). From the strong current dis-
tribution observed in the folded strip, 
it is evident that the surface waves at 
both 2.45 and 5.8 GHz are generated 
from this region. Also at each reso-
nant frequency, the current density 
is higher on the parts of the folded 
strip whose dimensions are assumed 
to govern that particular frequency. 
The lengths L1 and L2 might also be 
determined through this observation.

The ground plane does not carry 
signifi cant current components. The 
currents fl owing on the edges of 
ground plane are out of phase with the 
current on the feed strip in close prox-
imity and thus their radiating effects 
are mostly nullifi ed. This means that 
the ground plane does not actively 
participate in creating the resonances; 
it acts more likely as a refl ector, forc-
ing the electromagnetic energy de-
veloped by the surface waves, to be 
launched into the forward direction.2 
The ground plane dimensions, there-

 Fig. 2  Comparison between the calculat-
ed and simulated resonating frequencies for 
different lengths of L1 (a) and L2 (b). Surface 
current distributions of the antenna at 2.45 
GHz (c) and 5.8 GHz (d) showing frequency 
responses for different parts of antenna.
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5.8 GHz. The cross-polarization lev-
els for both E- and H- planes are less 
than –12 dB. The patterns are well be-
haved and directional with high polar-
ization purity in the forward direction 
and good front-to-back ratio, which is 
an important characteristic for RFID 
handheld readers.3 These characteris-
tics are maintained across both bands. 
Maximum gains of 3.1 and 3 dBi 

with respect to the center frequencies 
of 2.47 and 5.81 GHz. This satisfies 
the dual ISM-band (2.45/5.8 GHz) re-
quirement for RFID applications. The 
third graph of Figure 3 also shows that 
both resonating frequencies can be in-
dividually tuned.

The normalized E- (XY) and H- 
(YZ) plane radiation patterns of the 
antenna at 2.45 and 5.8 GHz (see 
Figure 4) are forward-directed, with 
the backward radiation suppressed by 
around 9 dB at 2.45 GHz and 22 dB at 

s Fig. 4  Measured radiation patterns of the proposed antenna at E- (XY) and H- (YZ) planes at 
2.45 (a) and 5.8 GHz (b).
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s Fig. 3  Measured and simulated return 
loss of the dual-band antenna.
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are achieved in the lower and upper 
bands respectively, with a less than 0.5 
dBi gain variation.

Conclusion
A new CPW-fed folded RFID 

antenna is described. The antenna 
design process is discussed in detail, 
explaining the antenna operating prin-
ciples and providing equations that 
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govern the dimensions. A prototype antenna demonstrates 
an impedance bandwidth broad enough to cover both the 
2.45 and 5.8 GHz ISM bands, and has a forward-directed 
radiation pattern with good polarization purity, front-to-
back ratio and peak gain. With these characteristics, the 
proposed antenna should find wide use in multi-band com-
pact handheld RFID readers. ■
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A Miniaturized Impedance 
Transformer on PES for 
Flexible RFICs
Young Yun, Jang-Hyeon Jeong, Hong-Seung Kim and Nak-Won Jang
Korea Maritime and Ocean University, Busan, Korea

A transmission line employing a periodic structure was fabricated on a polyether 
sulfone (PES) substrate and its RF characteristics were investigated. A fishbone-type 
transmission line, employing a comb-type ground plane (FTLCGP) structure, was 
designed to reduce the wavelength. The FTLCGP structure on PES substrate showed 
a wavelength much shorter than for a conventional coplanar waveguide on PES. The 
FTLCGP structure on the PES substrate showed an attenuation constant α lower 
than 0.2 Np/mm, up to 40 GHz, which was much lower than for a transmission line 
on a commercial silicon substrate. Using the FTLCGP structure, a miniaturized 
impedance transformer was fabricated on a PES substrate for flexible RFIC 
applications. The size of the impedance transformer was 0.45 mm2, which was 57.5 
percent of the size of the transformer fabricated by conventional coplanar waveguide 
on PES substrate. The return and insertion losses were 43 and 0.74 dB, respectively, 
at a center frequency of 22 GHz and the return loss values were better than 10 dB 
and the insertion loss was better than 1.1 dB up to 46.4 GHz. 

Flexible electronics have drawn signifi-
cant attention, owing to their variety of 
applications, such as flexible displays, 

smart tags and wearable products.1 In the de-
velopment of a transparent flexible display for 
mobile communications, RF devices should be 
integrated into a transparent flexible substrate. 
Recently, polyether sulfone (PES) has drawn 
attention for flexible displays, due to its good 
heat-resisting property, high transparency and 
good flexibility.2,3 The glass transition tempera-
ture (Tg) of PES is 230°C and it shows stable 
electrical and mechanical properties at high 
temperature, which enables the fabrication of 
electron devices at a relatively high tempera-
ture.2,3 For a short time, the electrical and me-

chanical properties of the PES do not change 
at even 300°C. Therefore, unlike other flex-
ible substrates such as polycarbonate (PC) and 
polyethylene terephthalate (PET), soldering 
and bonding processes of electronic devices on 
PES can be easily performed, which facilitates 
the packaging process. In addition, a very thin 
PES substrate, with a thickness of less than 100 
µm, can be used for fabrication of electronic 
devices due to its stability, which is very effec-
tive for the miniaturization of RF components. 
Furthermore, the PES shows a contraction ra-
tio less than 0.2 percent, even if it is exposed 
to a high temperature environment for a long 
time, which enables precise processes such as 
for a microelectromechanical system (MEMS). 
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of periodic structures have been stud-
ied for application to RF circuits. The 
FTLCGP structure was also fabricated 
on PCB for low impedance transmis-
sion lines in S-Band.6 The FTLCGP 
structure fabricated on the conven-
tional PCB successfully operated as a 
transmission line up to S-Band. How-
ever, according to measured results, 
the FTLCGP structure on a conven-
tional PCB such as Teflon showed a 
very narrowband characteristic at mil-
limeter wave frequencies and it could 
not be used as a transmission line. In 
this work, the FTLCGP structure was 
fabricated on a PES substrate, and it 
successfully operated as a transmis-
sion line on a PES substrate up to 50 
GHz.

Figure 1 shows the structures of 
a FTLCGP and a typical coplanar 
waveguide without periodic structure 
on the PES substrate. As shown, the 
FTLCGP consists of a fishbone-type 
signal line and comb-type ground 
planes. The fishbone-type signal line 
consists of a central line with pe-
riodic metal strips (PMS) and the 
comb-type ground plane consists of 
a ground plane and periodic ground 
strips (PGS). The PMSs are placed al-
ternately with the PGSs. The conven-
tional coplanar waveguide has only a 
periodical capacitance (Ca) between 
the line and ground plane, while the 
FTLCGP has additional capacitances, 
Cb as well as Ca, due to the electro-
magnetic coupling between PMS and 
PGS. In addition, the FTLCGP has a 
periodical shunt capacitance Cc be-
cause PMS operates as an open stub 
at the operating frequency. Therefore, 
the FTLCGP exhibits a wavelength 
(lg) shorter than the conventional 
coplanar waveguide, because lg is 
inversely proportional to the periodi-
cal capacitance between signal line 
and ground. In other words, lg =  
1/[f(LC)0.5].

Table 1 shows the wavelength of 
transmission lines on PES. For a fab-
rication of transmission lines on PES, 
Au/Ti was deposited on PES substrate 
200 µm thick and the thickness of the 
Au/Ti was 2 µm. For the FTLCGP, 
the length and width of PMS/PGS are 
160 and 30 µm, respectively, and the 
distance between PMS and PGS is 30 
µm. The signal line width is 70 µm. 
As shown in the table, the FTLCGP 
structure shows wavelengths much 
shorter than for the conventional co-

and its RF characteristics were inves-
tigated. This is the first known report 
of an impedance transformer fabricat-
ed on a flexible PES substrate.

RF Characteristics of 
Transmission Line Employing 
Periodic Structure on PES

According to previous results,8 a 
coplanar waveguide on a PES sub-
strate showed a wavelength much lon-
ger than the one on commercial sili-
con substrate, due to the low permit-
tivity of PES, which is unfavorable to 
integrate  RF passive components on a 
PES substrate because of its large cir-
cuit size. The wavelength at 20 GHz, 
for a coplanar waveguide on silicon 
and PES substrate, was 5.71 and 9.29 

mm, respectively. 
Here, a transmis-
sion line employing 
a periodic structure 
was fabricated on 
PES to reduce the 
wavelength. A fish-
bone-type transmis-
sion line employing 
a comb-type ground 
plane (FTLCGP) 
was designed. Until 
now, various types 

Besides the above-mentioned proper-
ties, the PES shows good water resist-
ing qualities. For this reason, PES is 
well suited for transparent flexible dis-
plays used in mobile communications 
and several groups have employed the 
PES substrate to evaluate the electri-
cal properties of oxide films.4

In mobile communication flexible 
display applications, RF passive com-
ponents5,6 as well as active devices 
should be integrated in PES sub-
strates. An impedance transformer7 is 
a key device for impedance matching 
between RF devices. In this work, a 
miniaturized impedance transformer, 
employing a periodic structure, was 
fabricated on a PES substrate for im-
pedance matching on a flexible RFIC 

s Fig. 1  The FTLCGP structure (a) and a typical coplanar waveguide (b).
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TABLE I
Wavelength of transmission lines on PES

Frequency (GHz) FTLCGP (mm)
CPW Without 

Periodic Structure 
(mm)

10 9.22 18

20 4.81 9.29

30 3.25 6.33

40 2.4 4.85

50 1.91 3.94
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with the silicon substrate. It shows an 
attenuation constant a lower than 0.2 
Np/mm up to 40 GHz. This low loss of 
the transmission line on PES originates 
from its excellent electrical insulating 
properties. In the case of the coplanar 
waveguide on silicon substrate, there is 
a current flowing from line to ground 
plane through the silicon substrate due 
to a relatively high conductivity of the 
silicon substrate, which causes a rela-
tively high loss of electromagnetic en-
ergy.5 In the case of the transmission 
line on PES, however, there does not 
exist a current flowing from line to 
ground plane through the PES sub-
strate due to its good electrical insulat-
ing characteristic.

RF Characteristics of 
Impedance Transformer 
Employing a Periodic 
Structure on PES

Using the FTLCGP structure 
on PES, a miniaturized impedance 
transformer was developed for flex-
ible RFIC applications. Figure 3 
shows a photograph of the single sec-
tion l/4 impedance transformer on a 
PES substrate. Au/Ti was deposited 
on a PES substrate 200 µm thick and 
the thickness of the Au/Ti was 2 µm. 
The characteristic impedance Z0 of the 
transformer is given by Z0 = (Zc1Zc2) 0.5 
where Zc1 and Zc2 are the source and 
load impedance, respectively.7 In this 
work, the impedance transformer was 
designed to transform an impedance 
of 70 V into a standard impedance 
of 50 V. Therefore, Z0 is 59 V. For a 
Z0 of 59 V, the length of PMS/PGS is 
160 µm and signal line width is 0.45 
mm. At a center frequency of 22 GHz, 
the length of the l/4 transformer is 1 
mm. Therefore, the size of the imped-
ance transformer is 0.45 mm2, which 
is 57.5 percent of the size of a trans-
former fabricated with a conventional 

constant a of the FTLCGP structure 
on PES. The insertion loss was mea-
sured for a 50 V impedance and it 
was normalized to the characteristic 
impedance of the transmission line. 
For comparison, the data for a copla-
nar waveguide on commercial silicon 
substrate was also plotted, because a 
silicon substrate is the most popular 
semiconducting substrate for com-
mercial RFIC applications. As shown, 
the FTLCGP structure on PES shows 
a comparatively low loss, compared 

planar waveguide. The wavelength 
at 20 GHz of the FTLCGP structure 
on PES is 4.81 mm, which is shorter 
than for a coplanar waveguide on sili-
con substrate. For example, the wave-
length at 20 GHz of a conventional co-
planar waveguide on silicon substrate 
with a thickness of 600 µm is 5.71 mm.

In order to investigate the suitability 
of the FTLCGP structure for RF ap-
plications, the loss of the transmission 
line was measured at 20 GHz. Figure 
2 shows the measured attenuation s Fig. 2  Measured attenuation constant .
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Conclusion
A FTLCGP structure was fabri-

cated on a PES substrate and its RF 
characteristics were investigated. The 
FTLCGP structure on PES showed a 
wavelength much shorter than con-
ventional coplanar waveguide on PES. 
The wavelength of the conventional co-
planar waveguide on PES is 9.29 mm at 
20 GHz, while the wavelength of the 
FTLCGP structure on PES is 4.81 

turn loss were measured at a port im-
pedance of 50 V, and it was normal-
ized by source and load impedance, 
Zc1 and Zc2. As shown, an excellent 
RF performance can be observed 
from the transformer. The return and 
insertion losses are 43 and 0.74 dB, 
respectively, at a center frequency 
of 22 GHz, return loss values better 
than 10 dB up to 46.4 GHz and in-
sertion loss better than 1.1 dB in the 
same frequency range.

coplanar waveguide on PES. If a l/4 
transformer with a Z0 of 59 V is fab-
ricated with a conventional coplanar 
waveguide on a PES substrate, the 
signal line width and length are 0.34 
and 2.3 mm, respectively, and its size 
is 0.782 mm2. The sizes of impedance 
transformers on a PES substrate are 
summarized in Table 2.

Figure 4 shows the measured 
return loss and insertion loss of the 
transformer. The insertion and re-

s Fig. 4  Measured RF performance of the 
impedance transformer on a PES substrate, 
return loss (a) and insertion loss (b).
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mm at the same frequency. The FTLCGP structure on 
PES showed an attenuation constant α lower than 0.2 Np/
mm up to 40 GHz, which was much lower than for a trans-
mission line on commercial silicon substrate. Using the 
FTLCGP structure on a PES, a miniaturized impedance 
transformer was fabricated on a PES substrate for flex-
ible RFIC applications. The impedance transformer was 
designed to transform an impedance of 70 V into a stan-
dard impedance of 50 V. The size of the impedance trans-
former was 0.45 mm2, which was 57.5 percent of the size 
of the transformer fabricated with a conventional coplanar 
waveguide on PES. Excellent RF performance could be 
observed from the impedance transformer. The return and 
insertion losses were 43 and 0.74 dB, respectively, at a cen-
ter frequency of 22 GHz. The return loss values were bet-
ter than 10 dB and the insertion loss were better than 1.1 
dB up to 46.4 GHz. ■
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Third-Order Fully Canonical 
Microstrip Bandpass 
Transversal Filter with 
Source-Load Coupling
Z.J. Zhu, C.L. Wei and B.F. Jia 
University of Electronic Science and Technology of China, Chengdu, China

The design of a compact third-order fully canonical transversal microstrip 
bandpass filter (BPF) is described. It consists of two microstrip shorted stub 
loaded resonators (SSLR), where the fundamental mode is the even mode. By 
utilizing the resonance properties of the transversal filter and the introduction of 
source-load (S-L) coupling, the filter design incorporates two transmission zeros 
above and one below the passband. This improves passband selectivity and the 
rejection of unwanted signals above the passband.

In recent years, high-performance planar 
bandpass filters have found wide applica-
tion in many RF/microwave circuits and 

systems. In these filters, transmission zeros at 
finite frequencies are needed to improve the 
passband selectivity and reject unwanted sig-
nals. For this purpose, a transversal filter is de-
scribed by Rosenberg and Amari,1 where the 
signal couples to several resonators, providing 
more than one main path for the signal be-
tween the source and load. In the transversal 
filter, however, the source/load must couple to 
all resonators, while at the same time avoiding 
intercoupling between resonators. Transmis-
sion zeros can be realized due to counteraction 
among several main path signals. Stub loaded 
dual-mode filters with S-L coupling are spe-
cial second-order fully canonical transversal 
filters.2-5,7 The practical implementation of a 
transversal filter, however, is difficult when the 
order is higher than two. Martinez-Mendoza 
et al.6 describe a third-order fully canonical 
transversal filter combining waveguide and mi-
crostrip techniques with two transmission zeros 

below and one above the passband, but the use 
of waveguide makes this filter much larger than 
conventional planar filters. Liao et al.7 describe 
how the extended-doublet filter can operate as 
a third-order transversal filter if intercoupling 
between the resonators is avoided; however, 
this structure has poor stopband performance. 
Zhou et al.8 describe a compact third-order 
transversal microstrip filter that incorporates a 
dual-mode open-loop resonator and a slot line 
resonator with S-L coupling. A disadvantage of 
having a slot line etched in the ground plane, 
however, is that the whole structure must be 
suspended far from other ground conductors 
for the slot resonator to be effective.

In this article, we discuss the design of a 
third-order fully canonical transversal mi-
crostrip BPF incorporating two SSLRs with 
S-L coupling. It has two transmission zeros 
above and one below the passband. This great-
ly improves the selectivity of the passband and 
the rejection of unwanted signals above the 
passband. We analyze the resonance character-
istics of the SSLR using odd and even-mode 
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analysis, design a 
transversal filter 
using SSLRs and 
verify the results 
through simulation 
and measurement. 
A 1.45 GHz three-
order transversal 
microstrip BPF 

with 80 MHz bandwidth and 20 dB in-band return loss 
is designed. Measured results agree well with the simula-
tions. The size of the filter is less than 0.092 lg × 0.12 lg, 
where lg is the guided wavelength on the substrate, mak-
ing it smaller than the filters described in the references.

ANALYSIS OF THE SHORTED STUB LOADED 
RESONATOR

Figure 1 shows the schematic of the SSLR, which 
comprises a half-wavelength resonator and a shorted stub 
shunted at the midpoint. Z1, L1, Z2 and L2, denote the char-
acteristic impedances and lengths of the half-wavelength 
resonator and shorted stub in the SSLR, respectively. Be-
cause the SSLR is symmetrical in structure, odd- and even-
mode analysis can be used. The first resonant frequency is 
an even-mode. The resonant condition is given by

tan tan / 2
Z

2Z
at f f (1)2 1

1

2
e( )( ) ( )θ θ = =

where u1 and u2 are the electrical lengths of the half-wave-
length resonator in the SSLR and the shorted stub, respec-
tively. fe is the even-mode resonant frequency of the SSLR. 
For the case where Z1 = 2Z2, the resonant frequency can 
be expressed as

f
c

2 L 2L
(2)e

1 2 eff( )=
+ ε

For the odd-mode, the resonant characteristic is almost 
the same as that of the half-wavelength resonator, which 
is mainly determined by L1. The odd-mode resonant fre-
quency of the SSLR is given by

f
c

2L
(3)o

1 ff
=

ε

By properly choosing the values of L1 and L2 using 
Equations 2 and 3, we can operate the even-mode and/or 
odd-mode of the SSLR together to define the passband of 
the filter. When L2 is slightly more than zero, the SSLR can 
be operated as a dual-mode resonator.

DESIGN OF THE THIRD-ORDER TRANSVERSAL 
FILTER

The third-order transversal filter can be analyzed by using 
the theory of a second-order transversal filter. For a second-
order transversal filter, one resonator is designed to work at 
odd resonance frequency (f0) and even resonance frequency 
(fe). The counteraction of signals in two main paths creates 
an inherent transmission zero at one side of the passband. 
An additional transmission zero can be created by introduc-
ing S-L coupling. For the dual-mode SSLR, external coupling 
for the odd-mode resonance is larger than for the even-mode 

s Fig. 1  SSLR schematic.

Z1
Z2L2

L1
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resonance. Thus, 
for a third-order 
transversal filter 
with S-L capacitive 
coupling, the prop-
er means to realize 
two transmission 
zeros above and 
one below the pass-
band is to place one 
odd-mode resonant 
frequency between 
two even-mode res-
onant frequencies.

The layout of 
the filter is shown in Figure 2. It consists of two SSLRs 
with the S-L coupling. The SSLR on the top is a dual-mode 
resonator, and the other SSLR is an even-mode resona-
tor. In the passband, the filter operates at f01, fe1 and fe2. 
The coupling scheme for a third-order transversal filter is 
shown in Figure 3. The signal is coupled to three modes 
at the same time, providing three main paths for the signal 
between the source and load, with no coupling between 
each of the modes. Three transmission zeros can be cre-
ated near each band due to the three main path signals 
and S-L coupling counteraction. The coupling matrix can 
be written as

0 M M M M

M M 0 0 M

M 0 M 0 M

M 0 0 M M

M M M M 0

(4)

Se1 Se2 So1 SL

Se1 e1e1 Le1

Se2 e2e2 Le2

So1 o1o1 Lo1

SL Le1 Le2 Lo1

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥

Since the three-order transversal filter exhibits sym-
metry, the relationship MSe1 = MLe1, MSe2 = MLe2 and 
MS01 = -ML01 holds. The gap between source and load 
(So) is introduced to provide the proper S-L coupling co-

efficient MSL for 
generating an ad-
ditional zero. The 
location of the 
additional zero 
can be controlled 
by adjusting the 
value of So. The 
coupling coef-
ficient MSo1 and 
MSe2 can be ad-
justed by changing 
S1 and S2. MSe1 
can be adjusted by 
changing S1 and 
L6. Me1e1, Me2e2 
and Mo1o1 can be 
adjusted with the 
dimensions of the 
SSLRs. As shown 
in Equation 3, the 
second odd-mode 
fo2 shifts lower in 
frequency as the 
length of half-
wavelength reso-
nator is increased.

SIMULATION AND MEASUREMENT
To illustrate the procedure, a second-order generalized 

Chebyshev filter was designed with a passband return loss 
of 20 dB and three transmission zeros at normalized fre-
quencies of the complex s-plane 6.86, 2.4 and –17.5. The 
3 dB bandwidth is 80 MHz at the center frequency of 1.45 
GHz. The filter exhibits the two transmission zeros above 
and one below the passband. The corresponding coupling 
coefficients are

0.0000 0.65567 0.42427 0.75494 0.00460
0.65567 1.54350 0.00000 0.00000 0.65567
0.42427 0.00000 1.33800 0.00000 0.42427
0.75494 0.00000 0.00000 0.38485 0.75494
0.00460 0.65567 0.42427 0.75494 0.00000

(5)

− −

−
− −
−

⎡

⎣

⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥

S21 of the filter is simulated in Figure 4 for four values 
of L5, showing that the out-of-band spurious response can 
be controlled by the length of half-wavelength resonator of 
the even-mode SSLR.

The final dimensions of the fabricated filter are: L1 = 11 
mm, L2 = 10 mm, L3 = 9 mm, L4 = 14 mm, L5 = 5 mm, L6 
= 19.2 mm, L7 = 2.05 mm, W1 = 0.3 mm, W2 = 2.9 mm, W3 
= 0.6 mm, W4 = 0.5 mm, W5 = 0.3 mm, W6 = 1 mm, Wo = 
1.52 mm, R1 = 0.3 mm, R2 = 0.2 mm, So = 0.4 mm, S1 = 0.2 
mm and S2 = 0.2 mm. The substrate has a relative dielec-
tric constant of 2.2 and a thickness of 0.508 mm. Figure 5 
is a photograph of the fabricated filter. Its physical dimen-
sions are only about 14 × 17.5 mm, which corresponds to 
0.092 λg × 0.12 λg, where λg is the guided wavelength at 
the center frequency 1.45 GHz.

Figure 6 shows the simulated and measured performance 
of the filter. The simulated/measured minimum insertion loss 
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s Fig. 2  Layout of the third-order fully canonical transversal filter.
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porating a dual-mode SSLR and an 
even-mode SSLR with S-L capacitive 
coupling is described. Two transmission 
zeros above and one below the passband 
are created to improve the selectivity 
of the passband and reject unwanted 
signals. Measured results agree closely 
with simulation and validate the pro-
posed structure and design method. ■
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is 1.5 dB, and the simulated/measured 
minimum return loss is 20 dB/17 dB. 
The measured bandwidth is 75 MHz. 
Three transmission zeros are realized at 
0.97, 1.6 and 1.7 GHz. The measured 
spurious mode is at 3.2 fo. The shift of 
the passband frequency and other dis-
crepancies are attributed to fabrication 
tolerances.

CONCLUSION
A compact third-order fully canoni-

cal microstrip transversal filter incor-

s Fig. 6  Measured and simulated frequency 
responses. Wideband response (a); Narrow-
band response (b).
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ProductFeature

Different components require different 
simulation methods – this much has 
been known since the earliest days of 

EM simulation. For the last decade, CST has 
been addressing this problem by combining 
multiple simulation tools into a single product, 
CST STUDIO SUITE®, with a single user in-
terface for all solvers. In addition, most practical 
systems are made up of multiple components, 
each best suited to a different solver technol-
ogy. In response, the company introduced the 
System Assembly and Modeling (SAM) frame-
work for simulating multi-component systems.

CST STUDIO SUITE 2014 builds on these 
features, offering a more efficient approach to 
simulating both individual components and full 
systems. The aim is to give users an integrated 
design environment: rather than designing 
each element in turn and only combining them 
at the final stage, the full system behavior can 
be instead taken into account much earlier in 
the design workflow. With SAM, engineers can 
identify and resolve potential issues such as de-
tuning, signal integrity (SI) and power integrity 
(PI) problems, and electromagnetic interfer-

ence (EMI) at an early stage and thus obtain a 
more robust design.

System Assembly and Modeling
At its core, SAM is built on two ideas: break-

ing down complex systems into individual el-
ements, and splitting the simulation workflow 
into a set of fundamental tasks to be carried 
out automatically. The flexible configuration of 
the workflow sequence allows the user to easily 
define both simple simulation series and more 
complex nested workflows including feedback. 
These workflow cycles allow effects such as 
heating, thermal expansion and Lorentz forces 
to be fed back into the EM field solvers, mak-
ing it easier to analyze applications such as fil-
ters and cavities which can be very sensitive to 
deformation.

To make it easier to build up the system, the 
library of RF and microwave ‘blocks’ in CST 
DESIGN STUDIO has been enlarged to 
include more components such as amplifiers, 
couplers and waveguide elements. These can 
be connected together with models from other 
CST modules and from tools such as IBIS and 
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of the new hybrid approach – the an-
tenna is simulated with a time domain 
solver, a versatile general purpose 
solver, while the full vehicle is simu-
lated using the integral equation solv-
er, which offers better performance 
for electrically large structures. Near 
fi eld sources are, of course, compat-
ible with SAM, allowing the transfer 
of fi elds between solvers to be carried 
out automatically.

ROBUST, EFFICIENT MODELING
Accurate simulation requires a 

mesh that models the structure pre-
cisely; fast simulation requires a low 
mesh cell count. To improve the speed 
of simulation without compromising 
on the accuracy, the 2014 version of 
CST MICROWAVE STUDIO® (CST 
MWS) introduces new meshing algo-
rithms for the hexahedral, tetrahedral 
and surface meshes.

The Perfect Boundary Approxima-
tion (PBA)® and Thin Sheet Tech-
nique (TST) have long been part of 
CST’s hexahedral mesh engine. The 
new hexahedral mesh supplements 
these with a more intelligent approach 
to discretizing the structure, which 
can signifi cantly reduce the cell count 
on complicated structures such as the 
lattice tower shown in Figure 2 with-
out compromising on accuracy.

The tetrahedral mesh engine is 
also improved. As well as represent-
ing curved structures more accurately 
and reducing the cell count, the new 
mesh engine now supports an octree 
approach. This means that complex 

to simulate larger and more complex 
problems accurately within an accept-
able time frame.

Previous versions included broad-
band near fi eld sources in the time do-
main solver – CST STUDIO SUITE 
2014 introduces them to the frequen-
cy domain solver and integral equation 
solver. Figure 1 offers one application 

SPICE to form systems for circuit 
simulation, or converted with a sin-
gle button press into a combined 3D 
model for full-wave simulation. Once 
the blocks are in place, the next step 
is to defi ne the tasks. CST STUDIO 
SUITE 2014 introduces wizards to 
make it easier to set up SAM projects, 
especially for fi eld source and multi-
physics projects, as well as improved 
SAM integration for PCBs.

NEAR FIELD SOURCES
Near fi eld sources offer a compact, 

precise representation of the fi eld 
around a component – for instance, an 
antenna or a PCB. These components 
are often much smaller and more de-
tailed than the structure surrounding 
them; for example, in vehicles, ves-
sels, masts and industrial equipment. 
Simulating the components accurately 
in isolation from the rest of the model, 
then using their equivalent near fi eld 
source representation in their envi-
ronment allows the most appropriate 
solver type and mesh settings to be ap-
plied to each part of the system sepa-
rately. This approach makes it possible 

 Fig. 1  The surface current distribution 
on a blade antenna (a), and the equivalent 
near fi eld source (blue box) representing the 
antenna on a vehicle (b).  Fig. 2  The mesh around a lattice tower 

with the old mesh engine (a) and the new 
mesh engine (b) at a similar level of accuracy.
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using MPI is also more efficient, with 
the ability to parallelize more of the 
calculation.

New Material Types
A wide range of different material 

models are needed to simulate the 
vast diversity of materials found in the 
world. New in CST STUDIO SUITE 
2014 are materials with time-depen-
dent conductivity and temperature-
dependencies, as well as improved 
support for thin film, wire mesh and 
dispersive loss tangent materials.

Plots and Field Results
To use simulation efficiently, the 

engineer has to be able to analyze 
the results. CST STUDIO SUITE 
2014 includes several upgrades to the 
data visualization tools to make pro-
cessing of data easier at a qualitative 
and quantitative level, helping the 
designer to understand the physical 
characteristics of the device in order 
to improve its design. These improve-
ments include faster, more versatile 
multi-parameter plots, the ability to 
visualize fields on several cut planes at 
once (see Figure 3) and a new visual-
ization engine for voxel models such 
as human body models.

CST STUDIO SUITE 2014 con-
tains a host of new features devel-
oped to support integrated design 
and improve the performance of the 
software. With improved CAD import 
features, better simulation perfor-
mance and new SAM set-up wizards, 
electromagnetic simulation using CST 
STUDIO SUITE can be integrated 
into more workflows more effectively 
than ever before.

 
CST – Computer Simulation 
Technology,  
www.cst.com.

keeping track of the changes to the 
various model files that make up the 
project. When different people are 
working on different components of a 
system, it’s often the case that by the 
time one element has been designed, 
the system around it has changed.

With version control, new in CST 
STUDIO SUITE 2014, the modeler 
will now automatically alert the user 
when an external CAD model is up-
dated. The user is then able to choose 
whether to update the model or keep 
using the old data. The new imported 
elements are highlighted in the navi-
gation tree.

High Performance 
Computing

For users with very demanding 
simulation needs, CST STUDIO 
SUITE 2014 improves the high per-
formance computing (HPC) capabili-
ties of the time domain solver. GPU 
and CPU computing can now be used 
in tandem, delivering simulation per-
formance superior to either method 
when used alone. Cluster computing 

models which might once have been 
difficult to mesh, such as complex im-
ported CAD data, can now be meshed 
robustly with reduced user effort.

Workflow Integration
A key aspect of using simulation ef-

ficiently as a design tool is being able 
to fit your tools into your pre-exist-
ing design workflow. CST STUDIO 
SUITE 2014 includes several new 
features for importing, manipulating 
and exporting model data to and from 
other tools. New formats support-
ed for import include Siemens NX, 
SolidWorks, Solid Edge and Parasolid 
3D CAD files, and ODB++ 8.0 and 
Zuken CR-8000 PCB layout files. Im-
ported geometries can be edited more 
easily with new picking tools, and the 
user can now adjust the required ac-
curacies and tolerances when export-
ing the redesigned, optimized model 
back into CAD software.

Version Control
A particular challenge for many 

engineers working in large teams is 

s Fig. 3  E-fields inside a microwave oven in 
the XY and YZ planes.
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Infineon has put its first generation of sin-
gle-chip 24 GHz radar ICs into mass pro-
duction. The chip is based on a 0.18 µm 

SiGe:C bipolar process technology with a cut-off 
frequency of 200 GHz and is designed to oper-
ate in the 24 GHz ISM band. The new product 
family features the highest integration of radar 
system-on-chip transceivers on the market and a 
companion receive only chip, which collectively 
provide system designers with the flexibility to 
achieve cost and performance targets in a di-
verse range of applications.

The range of potential sensing applications 
for the new device family includes:
•	 �Level monitoring in storage tanks (both sol-

ids and liquids)
•	 Smart lighting control
•	 Security systems
•	 Intelligent door openers
•	 Collision avoidance on industrial vehicles

The three devices in the family are the 
BGT24MTR11 with a single transmit and sin-
gle receive channel, the BGT24MTR12 with a 
single transmit and two receive channels and 
the BGT24MR2, with twin receivers. Moving 
from a single receiver system to two or more 
receive channels allows implementation of sys-
tems that are able to detect not only the range 
and the speed of a target but also its angular 
position relative to the radar sensor’s location.

24 GHz radar systems are well-suited to 
adjusting the intensity of street, industrial and 

office lights by detecting moving objects or 
people in the designated area, thus enabling 
energy efficient lighting. The ability of the 
BGT24MTR11 to cover transmit frequencies 
up to 26 GHz facilitates high accuracy in tank 
and silo level metering systems. These kinds 
of systems especially benefit from the use of 
radar, as radars are not sensitive to splashing 
liquid or dust. Radar-based door opening sys-
tems can easily distinguish between someone 
approaching the door or a passerby. Therefore 
very energy efficient systems can be created if 
radar is used for sliding doors.

Another application is intruder alarms, 
where 24 GHz radar can detect a person typi-
cally at a distance of up to 50 m compared to 
10 m for commonly used infrared (IR) systems, 
thus a much bigger area can be covered with 
only one sensor. An additional benefit of using 
radar is that it is not only able to detect that 
something is moving but also can determine 
the location and the speed of the moving ob-
ject.

Figure 1 shows the block diagram of the 
BGT24MTR11, which can be used to represent 
the whole family of ICs. Infineon integrated al-
most the complete analog radar front end into 
the transceiver ICs, including a voltage con-
trolled oscillator (VCO) with prescaler outputs 
for frequency control, transmitter chain includ-
ing amplifiers for both transmitter (TX) and local 
oscillator (LO) outputs, as well as the complete 
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of 26 dB. The gain of the LNA can be 
reduced by a gain-step of 5 dB. The 
built-in quadrature downconversion 
mixer translates the RF signal directly 
to zero-IF.

Additionally the chip features 
power sensors both on TX-outputs 
and LO-outputs, as well as a tempera-
ture sensor that supports the imple-
mentation of a software based loop 
to control the VCO. The settings of 
the different internal building blocks 
can be controlled via an SPI interface. 
The chip is housed in a standard 32 
pin RoHS compliant VQFN-package 
with the option of lead tip inspection. 
With that the solder joints can be vi-
sually inspected and no special X-ray 
machines or processes are needed for 
production assembly.

Infineon’s single-chip, analog front 
end ICs reduce the required board area 
by up to 70 percent compared to dis-
crete solutions in the market. The BGT-
24MTRxx family simplifies designs and 
improves time to market by supersed-
ing external component matching and 
space consuming RF transmission lines. 
The resulting compact design, system 
flexibility and cost effectiveness of the 
solution make the BGT24MTRxx fam-
ily useful for improving performance in 
existing applications and replacing alter-
native technologies.

Infineon Technologies AG, 
Neubiberg, Germany 
+49 89 234 24462, 
www.infineon.com.

23 kHz square-wave output that may 
be used by a microcontroller-based 
software loop.

The TX section consists of a power 
amplifier with a differential output. 
Its maximum output power is 11 dBm 
and can be reduced in eight steps 
down to 2 dBm. The BGT24 radar 
ICs have been designed with FMCW 
radar in mind, therefore a part of the 
TX signal is used as the LO-signal for 
the on-chip mixer. The receiver sec-
tion has a single-sideband noise figure 
of 12 dB and a voltage conversion gain 

receiver section including low noise 
amplifier (LNA) and mixer. Only the 
antennas are left to be implemented by 
the system designer.

The VCO is a free running, funda-
mental oscillator. It can be controlled 
by two tuning inputs, one for coarse 
pre-adjustment and one for fine-tun-
ing. There are two prescalers avail-
able in the VCO section of the chip. 
The first prescaler has an output fre-
quency of 1.5 GHz and can be used 
to feed an RF-PLL for frequency 
control. The second prescaler has a 

s Fig. 1  Block diagram of the BGT24MTR11.
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FREE X-Parameters-Based 
Non-Linear Simulation Models for ADS

478 rev M

RoHS compliant

PHA-1+
 

0.05-6 GHz 
$199

ea. (qty. 20)

Gain 13.5 dB
Pout 22 dBm

PHA-1+

Gain 14.0 dB

AVA-183A+
 

5-18 GHz      
$695

ea. (qty. 10)

Pout 19 dBm

THREE AMPLIFIERS COVER IT ALL !
50 MHz to 26.5 GHz

Mini-Circuits®

www.minicircuits.com    P.O. Box 35166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com

Gain 13.0 dB

AVM-273HP+
13-26.5 GHz   

$2795
ea. (qty. 10)

Gain 13.0 dB
Pout 27 dBm

New

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!  Its 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 

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 data!  These models are in stock 
and ready to ship today!
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TechBrief

standard and custom millimeter-
wave components and sub-assem-
blies for over 32 years.

Spacek Labs Inc.,  
Santa Barbara, CA  
(805) 564-4404,  
www.spaceklabs.com.

E-Band Mixer with  
LO Multiplier

S pacek Labs model M80-5X2B 
is an E-Band mixer covering 
the two radio bands of 71 to 

76 GHz and 81 to 86 GHz. The 
mixer includes an integrated LO 
doubler so that the customer need 
only supply a 39 GHz source with 
+16 dBm of power.

Spacek Labs can also supply a 
phase-locked source with the as-
sembly. The conversion loss over 
the band is 6 dB typical and 10 dB 
maximum, with an IF frequency 

range of 2 to 8 GHz. The input 
P1dB is –6 dBm typical, and the 
bias is +12 V DC at 10 mA.

Overall dimensions are 1.67"  
1.68"  1.07". In addition, with ex-
tensive in-house design and man-
ufacturing capabilities, Spacek 
Labs can equip the mixer with 
LO sources, amplifiers and filter 
technologies to meet any high per-
formance project needs. Spacek 
Labs, an ISO 9001:2008 certified 
company, has been delivering 
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FieldFox’s Remote App  

FieldFox’s remote control capa-
bility, Option 030, enables view-
ing and control of the instrument 
via the Remote Viewer iOS ap-
plication. With a wireless LAN 
or cellular broadband data con-
nection using an iOS device, the 
FieldFox analyzers can now be placed in areas where users do not wish to 
stay long due to extremely harsh or unsafe conditions. Additionally, if one 
technician or engineer has trouble making a measurement or determining 
the source of a problem, another can step in to remotely troubleshoot and 
solve the problem. 
Agilent Technologies Inc.,
www.agilent.com.
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SoftwareandMobileApps

CISPR Test 
Configurations 

AR RF/Microwave Instrumenta-
tion emcware’s latest release ex-
pands on an already great platform 
with the addition of CISPR cus-
tom test configurations. Enhance-
ments include predefined receiver 
setups and report generation to standards such as: CISPR 11, 13, 22, 15 
and 32. emcware also retains a user friendly environment with all of its pre-
vious functionality allowing users maximum flexibility to create their own 
test configurations or modify existing ones. Download the free software at  
www.arworld.us/html/IRC_software_details.asp?swid=23.
AR RF/Microwave Instrumentation,
www.arworld.us.

Simulation and Analysis 
Software 

AWR’s V11 of Analyst-MP™ (MP 
for multiphysics) expands the capa-
bilities of its Analyst™ 3D FEM 
EM simulation and analysis soft-
ware to now account for large-scale, multiphysics applications like particle ac-
celerators. Analyst-MP’s diverse and unique solver technologies are the result 
of more than a decade of development in collaboration with the U.S. DoD and 
DoE and have been employed to analyze extremely complex high-frequency, 
multiphysics structures at U.S. national labs/accelerators. Visit www.awrcorp.
com/products/analyst/analyst-mp for more information.
AWR Corp.,
www.awrcorp.com.

Radar Signature Analysis 
Software
Delcross Technologies announced 
the first commercial release of Sig-
na, a software toolkit for advanced 
radar signature analysis. Signa 
delivers efficient electromagnetic 
(EM) simulation of complex radar cross sections (RCS) for targets that 
are tens to thousands of wavelengths in size. In addition to RCS, Signa 
generates range profiles and inverse synthetic aperture radar (ISAR) im-
ages of targets, useful for identification of significant target scattering fea-
tures. The toolkit is available for Windows or Linux.
Delcross Technologies LLC,
www.delcross.com.

Microwave Heating 
Software
Field Precision has released an 
updated version of Aether, its 3D 
electromagnetics suite. The pro-
gram can now export RF power-
density profiles directly to the 
HeatWave program for thermal 
analysis. Aether is a unified finite-
element package that handles 
all stages of solutions: mesh generation, field calculation and interac-
tive analysis. The program has three operation modes that cover the full 
spectrum of applications: pulse mode (pulsed-power devices), res mode 
(resonant frequencies and Q factors of complex structures) and RF mode 
(frequency-domain simulations of microwave and RF devices).
Field Precision LLC,
www.fieldp.com.

Literature App 
The free-of-charge PDFolio 
app fits hand-in-glove with the 
HUBER+SUHNER portfolio, 
available in the Apple iTunes 
and Google Play stores. This app 
enables customers to download 
HUBER+SUHNER publications 
in PDF format – individually or in 
a package. The app comprises ap-
proximately 170 documents and 
these are sub-divided into three 
markets (communication, transpor-
tation and industrial), as well as by 
three technologies (radio frequency, fiber optics and low frequency). 
HUBER+SUHNER,
www.hubersuhner.com.

Filter Software Updates
Nuhertz Technologies announces 
the release of FilterSolutions 2014®. 
In this release, Nuhertz completes 
the integration of interconnects to all 
Microwave Office® library models, 
adding to the 2013 integration of the 
Modelithics model libraries. Chang-
es to the program include a new 
menu item for open stub resonators 
(for both FilterSolutions and FilterQuick) and schematic notes for lumped el-
ements. FilterSolutions directly integrates with AWR, CST, Modelithics and 
Sonnet Software, achieving improved modeling accuracies, accounting for 
electromagnetic effects and providing tools for system integration. 
Nuhertz Technologies,
www.nuhertz.com.

R&S NEWS App 

NEWS, the technical magazine 
on Rohde & Schwarz innovations 
for more than 50 years, is now also 
available as a free app for iPad and 
Android tablets. All articles from 
the current and previous issues 
can be retrieved within a matter of seconds. Modern navigation options 
and a clear section structure make it easy to find the article you want. 
Zooming, graphics and pictures ensure comfortable reading. Other ad-
vantages include integrated multimedia components such as videos and 
direct access to additional online content. 
Rohde & Schwarz, 
www.rohde-schwarz.com.
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Zero in with zero doubt. Friend or foe? In the blazing 

fast world of EW, an operator 

may need to decide in a 

nanosecond. Building a 

system which meets that 

challenge on time and on 

budget can be a daunting 

task. The 2600 Series COTS 

Synthesizer will get you 

started. 

•  Broad frequency range  
up to 40 GHz

• 1 Hz resolution standard

• Fully phase coherent

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

•  Ultra-low phase noise

Built for rough environments, 

the 2600’s architecture is 

developed around stable 

direct analog and direct digital 

frequency synthesis with no 

VCOs or sensitive PLLs.

Zero in on the best COTS 

solution available by calling 

the ASCS team today.

732-460-0212 

www.aeroflex.com/ASCS
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RF/Microwave Training Series
Presented by: Besser Associates
•	Passive	Components:	Dividers,	Couplers,	Combiners
•	RF	and	Microwave	Filters

Market Research Webinar Series
•	Technology	Trends	for	Land-Based	Electronic	Warfare	Systems

Technical Education Training Series
•		Freescale	and	Scintera:	The	Small	Cell	Transmitter	Solution	

Provider
•		What	Have	You	Been	Missing	in	Your	Pulsed	Network		

Analyzer	Measurements?
•	Interference	101
•		Silicon-on-Sapphire:	Leveraging	CMOS	Integration	to		

Maximize	RF	Performance
•		RF	and	Microwave	Amplifier	Power	Added	Efficiency,	Fact	and	

Fiction
•		Novel	Very-Near-Field	Measurement	Technique	to	Test	Large	

Directional	Antennas	in	Minutes
•	VCO	Fundamentals
•	Fundamentals	of	Envelope	Tracking	and	Test

Agilent in LTE/Wireless Communications Series
•	Carrier	Aggregation:	Fundamentals	and	Deployments

RF and Microwave Education Series
Presented by: Agilent Technologies
•	Successful	Modulation	Analysis	in	3	Steps

FieldFox Handheld Analyzers Series
Presented by: Agilent Technologies
•	Precision	Validation	of	Radar	System	Performance	in	the	Field

CST Webinar Series 
•	Train	Signaling	System	Interference	Estimation	by	CST	MWS
•		Simulating	Dielectric	and	Conductor	Loss	Components	In-

cluding	the	Influence	of	Trace	Edge	and	Surface	Roughness	
Topography

•	Traveling	Wave	Tube	Design	with	Simulation
•	EMC	Simulation	in	the	Design	Flow	of	Modern	Electronics
•	Wireless	Power	Transfer	and	Microwave	Energy	Harvesting
•		Electromagnetic	Simulation	of	Composite	Materials	and	Cable	

Harnesses	in	Aircraft
•	MIMO	Antenna	Systems	for	Advanced	Communication
•	Simulation	and	Measurement:	Complementary	Design	Tools
•		High-Speed	Serial	Link:	Full-Wave	EM	Modeling	Methodology	

and	Measurement	Correlation

Innovations in EDA/Signal Generation & Analysis 
Series
Presented by: Agilent EEsof EDA/Agilent Technologies
•	Tolerance	Analysis	for	Planar	Microwave	Circuits
•		Designing	with	4G	Modulated	Signals	for	Optimized	Multi-

Standard	Transceiver	ICs
•	Advanced	Passive	Intermodulation	(PIM)	Measurement	System
•		Designing	Custom	RF	and	Analog	Filters	Through	Direct		

Synthesis

Presented by:

Past Webinars On Demand

February Short Course Webinars
Innovations in EDA 
How to Improve PA Performance and Reliability Using 
Electro-Thermal Analysis
Presented by: Agilent Technologies
Live	webcast:	2/6/14

Top 3 LTE/LTE-A UE Testing Challenges
Presented by: Agilent Technologies
Live	webcast:	2/13/14

Agilent in Aerospace/Defense
Understanding Low Phase Noise Signals 
Live	webcast:	2/20/14

Register to attend at mwjournal.com/webinars

Technical Education Training
TriQuint GaN Solutions for Commercial and Defense  
Applications 
Presented by: Richardson RFPD
Live	webcast:	2/25/14

Technical Education Training
PCB Material Selection for High Speed Digital Design
Presented by: Isola
Live	Webcast:	2/26/14
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Vida Ilderem is Vice President of Intel Labs and Director of the Integrated Computing 
Research [ICR] for Intel Corporation. ICR explores the next revolution in computing 
with focus on new emerging platforms. The research vectors include breakthrough 
technology innovations for seamless connection, highly integrated small form factors, 
and enablement of Internet of Things. Prior to joining Intel in 2009, Vida served as 
vice president of Systems and Technology Research at Motorola’s Applied Research 

and Technology Center. Vida holds a PhD in Electrical Engineering from Massachusetts Institute of Technology, and 
has 27 issued patents.

How Data, Devices and Personalization are 
Fueling Demand for Innovation
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Director, Integrated Computing Research, INTEL CORPORATION
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New Products
for more new products, visit www.mwjournal.com/buyersguide 
featuring V  storefronts

Components
Power Detectors
ADI introduced two RF power detectors with 
wide dynamic range and best-in-class accuracy and 
temperature stability. The ADL5903 is an optimal 
solution for a variety of high frequency systems 
requiring accurate measurement of signal power 
independent of waveform characteristics. The 
ADL5506 is a complete subsystem for the mea-
surement of RF signals in a wide range of wireless 
terminal devices. Both are offered in small pack-
ages with low-power operation, making them ideal 
for designs that are constrained by space or power. 
Analog Devices Inc., 
www.analog.com.

Bias Tees

As a vital link in 
utilizing a single 
coaxial cable to 
carry both RF 
signals and DC 
power, the new 
ABT series of 
bias tees from 

AtlanTecRF bring this capability to systems op-
erating at frequencies up to 50 GHz. With RF 
connector choices of 2.92mm, SMA and Type N 
the actual frequency bands offered range from 
10 MHz to 2.5 GHz through to 50 KHz to 50 
GHz with DC voltage capability to 100 V and 
current capacity to 2.5 A.
AtlanTecRF, 
www.atlantecrf.com.

Multilayer Organic Capacitors 
AVX Corp. has doubled 
the capacitance of its 
0603 multilayer organic 
capacitor (MLOC) se-
ries, extending the 
highest-rated capaci-
tance value from 2.5 to 
5.1 pF. Ideal for appli-

cations including RF power amplifiers, low 
noise amplifiers, filter networks and instrumen-
tation, AVX’s 0603 MLO™ capacitors exhibit 
low ESR, high SRF and high Q and are capable 
of supporting frequencies well above 5 GHz. 
Expansion matched to PCBs for improved reli-
ability, the series also exhibits low dielectric ab-
sorption (0.0015 percent) and capacitance tol-
erances as tight as ±0.02 pF.
AVX Corp., 
www.avx.com.

Low Frequency Attenuators
Coaxial Compo-
nents Corp. in-
troduced DC to 
4 GHz attenua-
tors. By utiliz-
ing an innova-
tive alternative 
to high-cost 

stainless-steel production, Coaxicom’s attenu-
ators provide a cost-effective solution for gen-
eral applications and in-field use. The low-fre-

quency attenuator line is available in TNC 
(4910-(db)) and BNC (2910-(db)) series with 
an average power rating of 2 W. The attenua-
tors are available in reverse polarity, between 
series adapters, as well as 50 or 75 Ω. They are 
RoHS and REACH compliant and range from 
1 to 30 dB. 
Coaxial Components Corp., 
www.coaxicom.com.

PIN Diode Switch 
Model S9L-51-0BX is a 
3 W CW SP17T PIN 
diode switch that oper-
ates from 4.5 to 5 GHz. 
It has 30 dB of isolation 
with 3 dB insertion loss 
and a 1.5:1 VSWR. The 
device is controlled via 

5 bits of TTL compatible logic with a switching 
speed of 1.0 µSec. The unit requires a power 
supply of +5/-12 V DC at +500/-200 mA of cur-
rent. The package measures 3.5" × 3.5" × 0.8".
G.T. Microwave Inc., 
www.gtmicrowave.com.

LDO

Linear Tech-
nology Corp. 
announced the 
LT3086, the 
latest addition 
to the LDO+™ 

family, offering significant functionality pre-
viously unavailable in linear regulators. The 
40 V, 2.1 A low dropout linear regulator 
(LDO) includes current monitoring with ex-
ternally settable current limit and tempera-
ture monitoring with external control of ther-
mal limit temperature. The device includes a 
programmable power good status flag, cable 
drop compensation and easy paralleling. The 
current reference in the LT308x LDO family 
provides regulation, independent of output 
voltage.
Linear Technology Corp., 
www.linear.com.

Coaxial Termination 
The AMCOL-2-7/8 coaxial termination is de-
signed to safely absorb high-power microwave 

and RF signals 
in a wide variety 
of operational 
systems and test 
and measure-
ment applica-
tions. It has a 
specified oper-
ating frequency 

range of DC to 3.1 GHz, with a power handling 
capability of up to 50 W and a maximum return 
loss of 27 dB. The 50 Ω termination has overall 
dimensions of 202 × 60 mm and is equipped 
with an anodised aluminium heatsink.
Link Microtek, 
www.linkmicrotekeng.com.

High Frequency Couplers 
Due to advances 
in circuit tech-
nology, Marki 
now offers strip-
line couplers 
with frequen-

cies as high as 67 GHz. The C10-0667, C16-
0667, and C20-0667 offer high 17 dB typical 
directivity from 6 to 67 GHz with coupling val-
ues of 10, 16 and 20 dB, respectively. They 
come in a small 1.050" long package with 1.85 
mm connectors.
Marki Microwave Inc., 
www.markimicrowave.com.

Hi-Q Capacitors
Passive Plus of-
fers extended-
values for the 
traditional Hi-Q 
high power, low 
ESR/ESL, low 
noise, high self-
resonance ul-

tra-stable performance capacitors. Usually 
used for wireless broadcasting equipment, 
mobile base stations, GPS portables, MRI 
coils and radar, these capacitors are 100 per-
cent RoHS compliant and offered in magnet-
ic and non-magnetic terminations. They are 
designed and manufactured to meet the re-
quirements for MIL-PRF-55681 and MIL-
PRF-123. 
Passive Plus Inc., 
www.passiveplus.com.

Faraday Isolator 
QuinStar Tech-
nologies Inc. in-
troduced its 
QIF series full 
band Faraday 
isolator which is 

available in six waveguide bands covering the 
frequency range of 26.5 to 110 GHz. QIF series 
isolators provide a minimum of 25 dB isolation 
and typically more than 30 dB isolation, with 
insertion loss of 1.3 dB maximum for Ka-Band 
and 2.2 dB maximum for W-Band. The QIF se-
ries isolators can handle power levels of 1 W at 
W-Band to 2 W at Ka-Band. 
QuinStar Technologies Inc., 
www.quinstar.com.

Programmable Attenuator 

Renaissance has developed a 
new solid state programmable 
attenuator, 19A3BA, that can be 
used to perform cellular fading 
simulations. The device oper-
ates from DC to 3 GHz with 5.5 
dB insertion loss and can atten-
uate 100 dB in 1 dB steps. The 
attenuator can handle 20 dBm 
over -40° to +85°C.
Renaissance/HXI, 
www.rec-usa.com.
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Mini-Circuits®

www.minicircuits.com    P.O. Box 35166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com

$395from

                 Programmable     

ATTENUATORS
Mini-Circuits programmable attenuators give you 
more options and more freedom with both USB and 
Ethernet control.  Available in versions with maximum 
attenuation of 30, 60, and 90 dB with 0.25 dB 
attenuation steps, all models provide precise level 
control with accurate, repeatable performance for a 
wide range of test applications. Our unique designs 

maintain linear attenuation change per dB over the entire 
range of attenuation settings. Supplied with user-friendly 
GUI control software and everything you need for immediate 
use out-of-the-box, Mini-Circuits programmable attenuators 
offer a range of solutions to meet your needs and fit your 
budget. Visit minicircuits.com for detailed performance 
specs, great prices, and off-the-shelf availability!

 0 –30, 60, or 90 dB  1 MHz to 6 GHz

RoHS compliant

USB & 
Ethernet Programmable     Programmable     Programmable

ATTENUATORS

NEW

NEW

NEW

Models Attenuation Attenuation Step USB Ethernet RS232 Price
 Range Accuracy Size Control Control Control $ ea.

RUDAT-6000-30 0 – 30 dB ±0.75 dB 0.25 dB ✓ - ✓ $395
RCDAT-6000-30 0 – 30 dB ±0.75 dB 0.25 dB ✓ ✓ - $495
RUDAT-6000-60 0 – 60 dB ±1.00 dB 0.25 dB ✓ - ✓ $625
RUDAT-6000-90 0 – 90 dB ±1.70 dB 0.25 dB ✓ - ✓ $695
RCDAT-6000-60 0 – 60 dB ±0.30 dB 0.25 dB ✓ ✓ - $725
RCDAT-6000-90 0 – 90 dB ±0.40 dB 0.25 dB ✓ ✓ - $795
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SPDT

Richardson RFPD Inc. 
announced immediate 
availability and full design 
support capabilities for a 
new absorptive 75 Ω RF 
single-pole, double-throw 
(SPDT) switch from Per-
egrine Semiconductor 

Corp. The PE42721 is manufactured on Peregrine’s 
UltraCMOS process, a patented variation of silicon-
on-insulator (SOI) technology on a sapphire sub-
strate, offering the performance of GaAs with the 
economy and integration of conventional CMOS. 
Peregrine Semiconductor Corp., 
distributed by Richardson RFPD Inc., 
www.psemi.com.

WLAN FEM

Skyworks introduced a 
highly integrated 5 GHz 
WLAN front end module 
for reference designs 
targeting smartphones 
and tablets in a 2.5 × 2.5 
mm, QFN package. The 

SKY85702-11 incorporates a PA and a SPDT trans-
mit and receive switch for mobile/portable 802.11ac 
applications and systems. The high performance 
FEM operates from a single supply voltage of 3.6 V, 
with an enable/disable function that allows power 
savings during off mode. An integrated power de-
tector with 20 dB of dynamic range provides closed-
loop power control within the system. 
Skyworks Solutions Inc., 
www.skyworksinc.com.

High Performance Hybrid
The SQ-67 is a 
small, 3 dB, 90° 
hybrid coupler 
that operates 
from 427.5 to 
477.5 MHz and 
is constructed 
with non-mag-
netic structure 
that is ideally 
suited for appli-

cations in medical imaging equipment where con-
trol of magnetic interference is critical. The maxi-
mum insertion loss is 0.4 dB with an amplitude 
unbalance of 0.7 dB maximum across the specified 
bandwidth. Other maximum specifications include 
phase unbalance of 90±3°, isolation of 20 dB and 
VSWR of 1.4:1 all ports.
Synergy Microwave Corp., 
www.synergymwave.com.

Transfer Switch 
RLC Electronics offers 
a micro miniature 
transfer switch which is 
an extremely compact 
design. The switch can 
be provided as either a 
surface mount design 
or a connectorized unit 

(SMA connectors standard). These switches of-
fer excellent electrical performance through 
26.5 GHz; VSWR of 1.7:1 max, insertion loss of 

0.7 dB max and isolation of 50 dB min. The 
switch is available in failsafe and latching con-
figurations with a choice of three different fre-
quency ranges and three different coil voltages. 
RLC Electronics Inc., 
www.rlcelectronics.com.

Amplifiers
Hybrid PA

Model 50HM1G6AB-47 is a compact, wideband, 
Class AB solid state hybrid power ampli-

fier module that instanta-
neously covers 1 to 6 
GHz. It operates from a 
single DC voltage and 
provides 48 dB of typical 
gain with excellent gain 

flatness, noise figure and low intermodulation dis-
tortion for military and wireless applications. 
AR RF/Microwave Instrumentation, 
www.arworld.us.

HPA

Empower’s re-
cent and unique 
Airborne Pulse 
HPA solution fea-
tures UHF and 
L-Band pulse 
amplifiers tied to 
a shared power 

supply and delivering 1 and 3 kW pulse power, re-
spectively. Each amplifier is housed in a 3U chassis, 
and the shared power supply is housed in a 1U chas-
sis. This next generation solution replaces older 
products which totaled 16U in size – the UHF solid 
state amplifier was in an 8U chassis and an L-Band 
TWT was housed in another, separate 8U chassis. 
Empower RF Systems Inc. 
www.empowerrf.com.

GaN Amplifier
Nitronex announced the 
release of the NPA1006, 
a new broadband GaN 
amplifier. The NPA1006 
is a 28 V, 20 MHz to 1 
GHz, 15 W amplifier 
with 14 dB gain and 60 
percent drain efficiency. 

It is housed in an industry-standard 6 × 5 mm 
DFN plastic package. The thermal resistance of 
the NPA1006 is 4.6°C/W, representing best in 
class for this power level. The NPA1006 utilizes 
Nitronex’s 28 V NRF1 GaN HEMT process, 
which has been in production since 2006.
Nitronex, 
www.nitronex.com.

LNA

PMI model no. PE2-28-
218-5R0-12-15-SFF is a 2 
to 18 GHz, low noise am-
plifier that provides 24 dB 
min of gain. The noise fig-
ure is 4.5 dB max and of-

fers an OP1dB of 14 dBm min. The operating volt-
age is +15 V DC and the current draw is 200 mA 
max. The unit is supplied with removable SMA(F) 
connectors in PMI’s standard PE2 housing.
Planar Monolithics Industries Inc., 
www.pmi-rf.com.
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NewProducts
ceivers the highest level of sensitivity per-
formance. The TQL9042 offers 19 dB 
gain over 0.5 to 2 GHz with a market lead-
ing 0.42 dB noise figure. The TQL9043 
provides frequency coverage from 1.5 to 
2.7 GHz with >18 dB gain and 0.5 dB 
noise figure. 

TriQuint, distributed by RFMW Ltd., 
www.triquint.com.

Sources
DRO

Model SOD-37301213-22-S1 is a 37 GHz 
dielectric resonator oscillator (DRO). The 
oscillator is a free running oscillator and the 
high frequency stability is achieved by imple-
menting a high quality dielectric resonator. 
The oscillator exhibits +13 dBm output pow-
er and low phase noise of -95 dBc/Hz at 100 
KHz offset. The frequency stability of the 
oscillator is ±3 ppm per °C or better in the 
temperature range of -40° to +85°C. 
SAGE Millimeter Inc., 

		  www.sagemillimeter.com.

Clock Oscillator 
Tellurian Technologies announced the de-
velopment of the T6000ET packaged 
clock oscillator with an extended tempera-
ture range of -40° to +125°C. The 
T6000ET is 2.5 × 2.0 × 0.9 mm. The fre-
quency stability over the -40° to +125°C 
temperature range is ±50 ppm all condi-
tions. The T6000ET has a low current 
consumption of 10 mA typical with supply 
voltage from 1.8, 2.5 and 3.3 V. The fre-

quency range of the T6000ET is as low as 1.25 MHz up to 100 MHz. 
Tellurian Technologies Inc.,  
www.telluriantech.com.

Test Equipment
RF Power Sensor

LadyBug Technologies announced its new low fre-
quency RF power sensor. The new LB559A-LF1 
sensor adds coverage below 100 kHz to LadyBug’s 
laboratory-accuracy RF and microwave power sen-
sor portfolio. Designed for calibration, medical and 
test applications, the new LB559A-LF1 sensor in-
cludes a powerful full featured Windows GUI appli-
cation. Sensor features include NIST traceable cali-
bration, a variety of connector options and support 
for programmatic measurements. Additional options 
include recorder output and hardware triggering in-
put and output. 

LadyBug Technologies, 
www.ladybug-tech.com.

Signal Generator

The SSG-6400HS is a DDS-based, USB and 
Ethernet controlled, ultra-wideband signal 
generator. This high performance model of-
fers: frequency range from 250 kHz to 6400 
MHz; 85 dB adjustable output power range 
from -75 dBm to +10 dBm; AM, PM, FM 

and pulse modulation; fine frequency resolution (<0.01 Hz); fine power reso-
lution (0.01 dB); fast tuning (<300 µs); frequency/power sweeping (up, down 
and bi-directional); and hopping over power levels and frequencies. It is sup-
plied with easy-to-install, easy-to-use GUI control software and API objects for 
Windows environments.
Mini-Circuits, 
www.minicircuits.com.

GaAs E-PHEMT Amplifier
RFHIC’s AE618 is a new, state-of-the-art 
PHEMT MMIC, based on GaAs enhance-
ment mode pseudomorphic high electron 
mobility transistor (E-PHEMT) which pro-
vides low current draw and very low noise. 
This push-pull amplifier, which contains two 
amplifiers, is designed for many applications 
including CATV, satellite, FTTH and optical 
node, an ideal solution for broadcasting ap-

plications for its high gain, good flatness and low noise. Email rfsales@rfhic.
com for additional information, pricing and availability.
RFHIC, 
www.rfhic.com.

SSPA
Covering the 2 to 6 GHz frequency band, 
the PTS6900 is a new solid state power 
amplifier (SSPA). Optimized for use in 
EW/ECM systems, the low band CW 
module produces a high power output of 
150 W and has a 55 dB gain adjustable 
from 50 to 60 dB. This performance is 
achieved through an advanced design in-

corporating the latest 0.25 μm GaN MMIC technology and low loss pow-
er combiners. The unit measures 300 × 200 × 50 mm and weighs 4 kg.
TMD Technologies Ltd., 
www.tmd.co.uk.

LNAs
RFMW Ltd. announced design and sales support for two internally 
matched, high IP3 low noise amplifiers from TriQuint. The TQL9042 and 
TQL9043 both feature bypass switches and shut-down pins offering re-
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  RF Amplifiers, Isolators and 
  Circulators from 20MHz to 40GHz 

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

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

  

 Super low noise RF 
amplifiers 

 Broadband low noise 
amplifiers 

 Input PIN diode protected low 
noise amplifiers 

 General purpose gain block 
amplifiers 

 High power RF amplifiers 
and broadband power 
amplifiers 

 RF isolators and 
circulators 

 High power coaxial and 
waveguide terminations 

 High power coaxial 
attenuators 

 PIN diode power limiters 
 Active up and down 

converters 
  

Avtech offers over 500 standard models 
of high-speed pulse generators, drivers, 
amplifiers and accessories ideal for both 
R&D and automated factory-floor testing. 
Some of our standard models include:

FAST PULSE TEST SOLUTIONS

AVR-EB4-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

Avtech Electrosystems Ltd.
http://www.avtechpulse.com/ 
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For all outdoor & severe weather applications
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Filter Synthesis Using  
Genesys S/Filter
Randall W. Rhea
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Microwave Circulator Design, 
Second Edition
Douglas K. Linkhart
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ISBN: 978-1-60807-583-6
$149/£99

Microwave and Millimeter-Wave 
Electronic Packaging
Rick Sturdivant
Hardcover. 280 pp. 2013 
ISBN: 978-1-60807-697-0 
$149/£99

Available 
March 
2014!

BookEnd

P ackaging of electronic com-
ponents at microwave and 
millimeter-wave frequencies 

requires the same level of engineer-
ing effort for lower frequency elec-
tronics plus a set of additional ac-
tivities which are unique due to the 

This book is very appropriate for 
practicing engineers and technicians 
along with those students who are 
interested in this subject matter. It 
is a very practical guide with good 
examples and was put together in 
a logical manner so that the reader 
can understand all of the factors in-
volved in packaging design.

higher frequency of operation. This 
book covers the electronic packag-
ing issues unique to microwave and 
millimeter-wave frequencies and 
reviews lower frequency packaging 
techniques so they can be adapted 
to higher frequency designs.

Microwave and Millimeter-Wave 
Electronic Packaging is a practi-
cal guide to all of the factors and 
methods that need to be taken into 
consideration for high frequency 
packaging. It covers various materi-
als properties, interconnects, mod-
eling, heat transfer, etc., that should 
be considered in designing packages 
plus the various types of packages 
such as ceramic, laminate, 3D and 
more. It concludes with a future 
horizons chapter that looks forward 
to newer technologies and improve-
ments. The book provides 30 practi-
cal examples throughout the book, 
as well as three free downloadable 
software analysis programs.

Microwave and Millimeter-
Wave Electronic Packaging

Rick Sturdivant
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

280 pages, $149
ISBN: 978-1-60807-697-0

_2M18 FINAL.indd   142 1/24/14   9:48 AM

http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=142&exitLink=mailto%3Aartech%40ArtechHouse.com
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=142&exitLink=mailto%3Aartech-uk%40ArtechHouse.com
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=142&exitLink=http%3A%2F%2FArtechHouse.com


MWJITEM0214.indd   143 1/27/14   10:17 AM

http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=143&exitLink=http%3A%2F%2Finterferencetechnology.com
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=143&exitLink=http%3A%2F%2Fenvirotestdesign.com
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=143&exitLink=http%3A%2F%2Felectronics-cooling.com


144 	 MICROWAVE JOURNAL  FEBRUARY 2014

Advertiser	 Page No.

Eastern and
Central Time Zones
Chuck Boyd
Northeast Reg. Sales Mgr.
(New England, New York,  
Eastern Canada)
685 Canton Street
Norwood, MA 02062
Tel: (781) 619-1942
FAX: (781) 769-5037
cboyd@mwjournal.com

Michael Hallman
Eastern Reg. Sales Mgr.
(Mid-Atlantic, Southeast, Midwest)
4 Valley View Court
Middletown, MD 21769
Tel: (301) 371-8830
FAX: (301) 371-8832
mhallman@mwjournal.com

Pacific and
Mountain Time Zones
Brian Landy 
Western Reg. Sales Mgr. 
(CA, AZ, OR, WA, ID, NV, UT, 
NM, CO, WY, MT, ND, SD, NE & 
Western Canada)
144 Segre Place
Santa Cruz, CA 95060
Tel: (831) 426-4143
FAX: (831) 515-5444
blandy@mwjournal.com

International Sales
Richard Vaughan
International Sales Manager
16 Sussex Street
London SW1V 4RW, England
Tel: +44 207 596 8742
FAX: +44 207 596 8749 
rvaughan@horizonhouse.co.uk

Germany, Austria, 
and Switzerland
(German-speaking)
WMS.Werbe- und Media Service
Brigitte Beranek
Gerhart-Hauptmann-Street 33, 
D-72574 Bad Urach
Germany
Tel: +49 7125 407 31 18
FAX: +49 7125 407 31 08
bberanek@horizonhouse.com

Israel
Liat Heiblum
Oreet International Media
15 Kineret Street
51201 Bene-Berak, Israel
Tel: +972 3 570 6527
FAX: +972 3 570 6526
liat@oreet-marcom.com

Korea
Young-Seoh Chinn
JES Media International
2nd Floor, ANA Bldg.
257-1, Myungil-Dong
Kangdong-Gu
Seoul, 134-070 Korea
Tel: +82 2 481-3411
FAX: +82 2 481-3414
yschinn@horizonhouse.com

Japan
Katsuhiro Ishii
Ace Media Service Inc.
12-6, 4-Chome, 
Nishiiko, Adachi-Ku
Tokyo 121-0824, Japan
Tel: +81 3 5691 3335
FAX: +81 3 5691 3336
amskatsu@dream.com

China
Michael Tsui
ACT International
Tel: 86-755-25988571
Tel: 86-21-62511200
FAX: 86-10-58607751
michaelT@actintl.com.hk

Hong Kong
Mark Mak
ACT International
Tel: 852-28386298
markm@actintl.com.hk

Ed Kiessling 
Traffic Manager/Inside Sales 
685 Canton Street
Norwood, MA 02062
Tel: (781) 619-1963
FAX: (781) 769-6178
ekiessling@mwjournal.com

Sales Representatives

Advanced Switch Technology............................141
Aeroflex / Inmet, Inc.................................................9
Aeroflex / Metelics, Inc.........................................83
Aeroflex / Signal & Control Solutions................133
Aeroflex / Weinschel, Inc....................................105
Aethercomm............................................................91
Agile Microwave Technology Inc........................76
Agilent Technologies, Inc......................................13
Anaren Microwave.................................................45
Anatech Electronics, Inc.......................................34
Anritsu Company...............................................37, 95
APA Wireless Technologies..................................77
AR RF/Microwave Instrumentation.....................47
Artech House.................................................140, 142
Avtech Electrosystems........................................141
AWR..........................................................................21
B&Z Technologies, LLC..........................................15
Boonton Electronics 
   (a Wireless Telecom Group Company).............71
Ciao Wireless, Inc...................................................50
Coaxial Components Corp.....................................78
Coilcraft..................................................................101
COMSOL, Inc...........................................................31
CPI Beverly Microwave Division..........................87
Crane Aerospace & Electronics...........................64
CST of America, Inc................................................27
CTS Electronic Components.................................32
Damaskos Inc........................................................141
Dow-Key Microwave Corporation.......................46
Eastern Wireless TeleComm, Inc.......................103
EDI CON 2014...........................................................54
EMC Technology Inc.............................................125
ERZIA Technologies S.L.......................................106
EuMW 2014..............................................................67
EW Europe 2014....................................................110
Feko...........................................................................99
Florida RF Labs Inc...............................................125
Fox Electronics........................................................96

Frontlynk Technologies Inc.................................104
GGB Industries, Inc..................................................3
Herotek, Inc.............................................................18
Holzworth Instrumentation....................................66
Huber + Suhner AG.................................................75
IEEE MTT-S International Microwave 
   Symposium 2014.................................................135
Insulated Wire Inc..................................................81
Interference Technology.....................................143
International Manufacturing Services, Inc........94
JFW Industries, Inc................................................52
JQL Electronics Inc..................................................6
K&L Microwave, Inc.................................................7
KR Electronics, Inc...............................................141
Krytar........................................................................30
Linear Technology Corporation............................11
Logus Microwave Corporation...........................141
LPKF Laser & Electronics....................................118
MACOM....................................................................39
MECA Electronics, Inc....................................COV 2
Mercury Systems, Inc............................................79
Microwave Development Laboratories............113
Microwave Journal...............................19, 114, 128, 
		  130, 134, 141
Mini-Circuits....................................... 4-5, 16, 57, 58, 
		  65, 111, 119, 
		  129, 137, 145
Narda Microwave-East,  
   an L3 Communications Co..................................85
Narda Safety Test Solutions GmbH......................88
National Instruments..............................................35
Norden Millimeter Inc............................................86
Nova Microwave, Inc.............................................66
OML Inc....................................................................69
Pasternack Enterprises, Inc..................................61
Peregrine Semiconductor Corp...................... 22-23
Phase Matrix, Inc....................................................38
Phonon Corporation.............................................124
Pico Technology....................................................108

Planar Monolithics Industries, Inc.......................89
Pulsar Microwave Corporation............................26
R&K Company Limited..........................................138
Reactel, Incorporated............................................53
RelComm Technologies, Inc................................131
Remcom..................................................................115
Renaissance Electronics Corporation.................60
RF-Lambda.............................................................109
RFHIC.................................................................. 48-49
RFMD......................................................................123
RLC Electronics, Inc...............................................25
Rogers Corporation................................................43
Rohde & Schwarz GmbH.................... 28-29, COV 3
Rosenberger............................................................93
Sage Millimeter, Inc................................................72
Sector Microwave Industries, Inc.....................141
Skyworks Solutions, Inc........................................73
Spacek Labs Inc......................................................36
Special Hermetic Products, Inc...........................98
Spectrum Elektrotechnik GmbH.........................127
Stanford Research Systems.................................97
State of the Art, Inc................................................42
Synergy Microwave Corporation.................63, 139
Teledyne Microwave Solutions..............................8
Teseq Inc..................................................................56
Times Microwave Systems.................................117
Universal Microwave  
   Components Corporation....................................74
UTE Microwave Inc..............................................107
Virginia Diodes, Inc.................................................33
W.L. Gore & Associates, Inc...............................121
Weinschel Associates...........................................92
Wenteq Microwave Corporation........................141
Wenzel Associates, Inc.......................................122
Werlatone, Inc..................................................COV 4
West Bond Inc.......................................................138
WIN Semiconductors Corp...................................41
Wright Technologies............................................141

AdvertisingIndex
Advertiser	 Page No.Advertiser	 Page No.

Advertisers in blue are enabled with the app

2M02FINAL.indd   144 1/30/14   10:41 AM

http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=144&exitLink=mailto%3Acboyd%40mwjournal.com
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=144&exitLink=mailto%3Amhallman%40mwjournal.com
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=144&exitLink=mailto%3Ablandy%40mwjournal.com
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=144&exitLink=mailto%3Arvaughan%40horizonhouse.co.uk
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=144&exitLink=mailto%3Abberanek%40horizonhouse.com
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=144&exitLink=mailto%3Aliat%40oreet-marcom.com
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=144&exitLink=mailto%3Ayschinn%40horizonhouse.com
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=144&exitLink=mailto%3Aamskatsu%40dream.com
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=144&exitLink=mailto%3AmichaelT%40actintl.com.hk
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=144&exitLink=mailto%3Amarkm%40actintl.com.hk
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=144&exitLink=mailto%3Aekiessling%40mwjournal.com


482 Rev. H

CABLESCABLES
TM

HAND
FLEX

                      from 

$9 49
DC to 18 GHz 

IN STOCK

ea. (qty. 1-9)

 Two popular diameters to fit your needs. 

                                        
 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!

  
Hand Flex cables are available in 0.086" or 0.141" diameters, 
with a 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.

 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!  
 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?                                      o S

C O M P L I A N T

RoHS compliant

Mini-Circuits®

www.minicircuits.com    P.O. Box 35166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com

Hand Flex Cables conform to 
any shape  required.

flexCablesAD482RevH.indd   1 8/26/13   10:07 AMMWJMC_482REVG_0913.indd   145 1/27/14   10:17 AM

http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=145&exitLink=http%3A%2F%2Fwww.minicircuits.com
http://www.mwjournal-digital.com/mwjournal/201402/TrackLink.action?pageName=145&exitLink=mailto%3Asales%40minicircuits.com


146 	 MICROWAVE JOURNAL  FEBRUARY 2014

1952. The term 
“microstrip” is introduced by 
Grieg and Engelmann of ITT 
Laboratories in the December 
IRE proceedings.

1955. Fellow ITT 
engineer Maurice Arditi files 
a patent for microwave filters 
based on resonant sections 
in a microstrip line formed by 
discontinuities.

1965. Harold Wheeler 
publishes his synthesis and 
analysis equations based upon 
a conformal mapping’s ap-
proximation of the dielectric 
boundary with parallel con-
ductor strips separated by a 
dielectric sheet.

MicrowaveJournal’s 

microstrip [mahy-kroh-strip]
Microstrip, a type of electrical transmission line consisting of a conducting 
strip separated from a ground plane by a dielectric layer known as the sub-
strate, is used to transport microwave-frequency signals. Due to its inhomo-
geneous cross-section, the structure does not support a simple transverse 
electromagnetic (TEM) wave. Since the dielectric substrate is electrically very 
thin, the longitudinal field components are much smaller than transverse com-
ponents, allowing for a quasi-TEM approximation (the transverse pattern of 
the electric and the magnetic fields).

1969. M. V. Schneider 
publishes “Microstrip Lines for 
Microwave Integrated Circuits,” 
in Bell System Technical Jour-
nal, providing computational 
methods to obtain charac-
teristic impedance, attenua-
tion, guided wavelength and 
unloaded Q of a microstrip 
transmission line.

1971. Jain, Makios 
and Chudobiak, publish rigor-
ous field-theoretic techniques 
for determining microstrip 
dispersion characteristics. The 
fast formulism together with 
efficient numerical algorithms 
permitted deeper understand-
ing of complex modes in loss-
less, boxed planar structures, 
in connection to the classical 
coupled-mode theory. 

STEM W  rks

Sponsored By:

WWW.ROGERSCORP.COM

1997. “Microstrip 
Mode Propagation on a Pe-
riodically Perturbed Ground 
Plane via Small Etched Holes” 
is presented at APMC, ush-
ering in the era of synthetic 
planar transmission-line struc-
tures. The periodically loaded 
microstrip demonstrates a 
slow-wave factor exceeding 
the theoretical limit of the 
square root of relative dielec-
tric constant of the supporting 
substrate, rendering significant 
miniaturization of a microwave 
device at little cost of losses.
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