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TECHNICALLY SPEAKING
THIS IS SOME SERIOUS PIM

     Microwave Electronic Components of America
The Professional’s Choice for RF/Microwave Passive Components

Microwave Electronic Components of America
The Professional’s Choice for RF/Microwave Passive ComponentsLook for the expanding lineup 

of MECA low PIM passives 
in your iBwave library.

The data says it all. 
If you take PIM seriously, you know that typical PIM of -170 dBc for 
loads/terminations and -155 dBc for unequal splitters is game-changing. 
With PIM this low, receiver desensitization is a relative non-issue and 
you can design with confi dence that there’ll be no dropped calls due 
to ghostly interference. Frequency performance for both products is 
698-2700 MHz. Our terminations are available in 20, 50, and 100W 
models and offer VSWR of 1.10:1 typical. And our unequal splitters 
deliver 300W of power handling, a typical VSWR of 1.15:1, and 
various output levels from -0.9 to -1.8 dB.

Ready to get serious about PIM? Start with a visit to www.e-MECA.com.  

MECA_13002_MWJ.indd   1 7/4/2010   3:00:58 PMMWJMECA0413.indd   2 3/25/13   11:09 AM
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Since 1981, GGB Industries, Inc., has
blazed the on-chip measurement trail with
innovative designs, quality craftsmanship,
and highly reliable products.  Our line of
custom microwave probe cards continues
our tradition of manufacturing exceptional
testing instruments.

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

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

(…110 GHz to be exact.)

Picoprobe elevates probe cards to a higher level…

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

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

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

Typical Specs
Insertion Loss
Return Loss

20GHz
0.8 dB
18 dB

10GHz
0.6 dB
22 dB

40GHz
1.3 dB
15 dB

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

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

®

The Design Engineers Search Engine finds the model you need, Instantly • For detailed performance specs & shopping online see

        IF/RF MICROWAVE COMPONENTS

ISO 9001   ISO 14001   AS 9100
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. Patents 
7739260, 7761442

448 rev K

POWER
SPLITTERS

COMBINERS
 as low as79 ¢

from2 kHz to18 GHzNOW!

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

o S
C O M P L I A N T

RoHS Compliant 
Product availability is listed on our website. 
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Tel:1(888)236-9828(US&Canada)
      1(630)930-9917(Worldwide) 

www.jqlelectronics.com     sales@jqlelectronics.com

Drop-in Isolators Cavity Filters Surface Mount Circulators

Waveguide Isolators Power Combiners Coaxial Circulators

Technology On the Move TM
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Protecting your radar system 
just got a whole lot easier

New high power surface

mount limiters from

Aeroflex / Metelics are

making your receiver/

protector sections a whole

lot easier to design. These

drop-in devices include 

11 completely integrated

components that have

been optimized for S 

and C band radar systems. 

In comparison to silicon

and GaAs MMICs, which

lack thermal capacity and

thermal conductivity, these

devices offer stable peak

power handling through 

8 GHz. 

• Frequency bands from
20 to 8000 MHz

•  100 W C.W. and 1 KW
Peak Power Handling 

• Flat Leakage Power 
of 20 dBm

• 8 x 5 x 2.5 mm SMT
Packaging

We’ve put our semicon-

ductor experience to work

in developing a variety of

broadband and octave

band models. Call or visit

our website for details. 

603-641-3800

www.aeroflex.com/metelics

High Power Surface Mount Limiters

Part Number  Type
Frequency

(MHz)
Loss
(dB)

C.W. 
Power (W)

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

LM501202-L-C-300 Octave Band, Low Power 500-2000 0.4 5

LM501202-M-C-300 Octave Band, Medium Power 500-2000 0.4 30

LM202602-H-A-300
High Power 2000-6000 0.85 4

LM202602-H-C-300

LM202802-L-C-300 Octave Band, Low Power 2000-8000 1.0 5

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

LM401102-Q-B-301
Octave Band, High Power “Quasi-Active” 400-1000 0.3 125

LM401102-Q-C-301

LM102202-H-C-301
Octave Band, High Power “Quasi-Active” 1000-2000 0.35 125

LM102202-Q-C-301

LM202402-Q-C-301 Octave Band, High Power “Quasi-Active” 2000-4000 0.5 100

LM202402-Q-E-301 Octave Band, High Power “Quasi-Active” 2000-4000 0.5 125

LM202402-Q-F-301 Octave Band, High Power “Quasi-Active” 2000-4000 0.5 100

LM202802-Q-C-301 Octave Band, High Power “Quasi-Active” 2000-8000 1.1 125

LM2933-Q-B-301 High Power, Passive Two-stage Power Limiter 2900-3300 0.6 100

MWJAEROFLEX_LIMITERS0413.indd   9 3/25/13   11:13 AM
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FieldFox Combination Analyzers
Four models up to 26.5 GHz

MIL-PRF-28800F Class 2 rugged

Agrees with benchtop measurements

CAT + VNA + spectrum analyzer

For you, the unpredictable is the everyday. But there’s 
one thing you can always depend on: the Agilent FieldFox 
combination analyzer. At a compact kit-friendly 6.6 lbs., 
it’s three instruments in one: cable & antenna analyzer 
(CAT) + vector network analyzer (VNA) + spectrum 
analyzer. Which means now the power to anticipate 
any need fi ts right in the palm of your hand. 

Dark, rainy, windy, dusty, 
slippery, glaring, scorching. 

It’s all in a day’s work.

Agilent and our 
Distributor Network
Right Instrument. 
Right Expertise. 
Delivered Right Now.

Learn about cable & antenna analysis and 
more with our application note series
www.alliedelec.com/lp/agilent_FieldFox

© Agilent Technologies, Inc. 2012

800-433-5700 
www.alliedelec.com/agilent
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plays host to the 2013 MTT-S International Microwave Symposium

■ The Russian Oscillator and Synthesizer Market
■ Device Characterization Methods for Advanced RF/Microwave Design
■ Techniques to Minimize Phase Noise of Crystal Oscillator Circuits
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This is no place for 
beta testers.

There’s a lot riding on the accuracy of your � eld measurements. Why take a chance on an unproven 
instrument, when the success of your mission or even national security could be at stake? Count on 
Anritsu—now in our ninth generation providing handheld Vector Network Analyzers (VNAs) that take 
the precision of a test lab into the � eld. Only Anritsu offers you:

 ▼ 350 µs sweep speed—over twice as fast as any other handheld VNA.

 ▼ Full performance over the speci� ed temperature range to +55° C, even while 
battery powered.

 ▼ Best dynamic range across a wide range of frequencies—over 100 dB at 3 
GHz and greater than 85 dB at 20 GHz.

 ▼ Best handheld spectrum analyzer dynamic range – greater than 116 dB!  

Anritsu’s VNA Master™ family is made in the USA, by the company that pioneered the 
handheld VNA. Why would you choose anything else? Find out more and download our 
complimentary � eld guide, Advanced VNA Cable Measurements.

Download it now at www.anritsu.com/en-us/analyzers 

Call 1-800-ANRITSU to place an order or schedule a demo, or 
visit www.anritsu.com.

Sales Of� ces: USA and Canada 1-800-ANRITSU, Europe 44 (0) 1552-433433, 
Japan 81 (45) 223-1111, Asia-Paci� c (852) 2301-4980, South America 55 (21) 2527-8922, 

www.anritsu.com, ©2013 Anritsu Company

VNA Master™ Handheld 
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Manufactured 

in America

This is no place for 
beta testers.

There’s a lot riding on the accuracy of your � eld measurements. Why take a chance on an unproven 
instrument, when the success of your mission or even national security could be at stake? Count on 
Anritsu—now in our ninth generation providing handheld Vector Network Analyzers (VNAs) that take 
the precision of a test lab into the � eld. Only Anritsu offers you:

 ▼ 350 µs sweep speed—over twice as fast as any other handheld VNA.

 ▼ Full performance over the speci� ed temperature range to +55° C, even while 
battery powered.

 ▼ Best dynamic range across a wide range of frequencies—over 100 dB at 3 
GHz and greater than 85 dB at 20 GHz.

 ▼ Best handheld spectrum analyzer dynamic range – greater than 116 dB!  

Anritsu’s VNA Master™ family is made in the USA, by the company that pioneered the 
handheld VNA. Why would you choose anything else? Find out more and download our 
complimentary � eld guide, Advanced VNA Cable Measurements.

Download it now at www.anritsu.com/en-us/analyzers 

Call 1-800-ANRITSU to place an order or schedule a demo, or 
visit www.anritsu.com.

Sales Of� ces: USA and Canada 1-800-ANRITSU, Europe 44 (0) 1552-433433, 
Japan 81 (45) 223-1111, Asia-Paci� c (852) 2301-4980, South America 55 (21) 2527-8922, 
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Free Webinars
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What medium do 

you design for?

Look for our multiple choice 

survey online at mwjournal.com

Executive Interview
Erkan Ickam, director of marketing for EMSCAN 
talks about his company’s very-near-fi eld 
measurement tools and how they offer PCB designers 
real-time results for antenna design and EMC/EMI 
studies. 

Solutions for Design and Test of Downlink 8x8 LTE MIMO
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Advanced VNA Cable Measurements Field Brief
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Combat Search and Rescue (CSAR-X) Helicopter
[7 votes] (8%)

Joint Air-to-Surface Standoff Missile (JASSM)
[8 votes] (10%)

F-35 Lightning II [20 votes] (24%)

CG(X) Next-Generation Cruiser Warship [14 votes] (17%)

Expeditionary Fighting Vehicle (EFV) [8 votes] (10%)

Joint Tactical Radio System (JTRS) [26 votes] (31%)

February Survey
What would you cut?

Innovations in EDA
by: Agilent Technologies
Accelerating Radar/EW System Design Using Wideband
Virtual Scenarios On Demand after 4/4

CST Webinar
Improvements to EDA and EMC Workfl ows in 
CST STUDIO SUITE 2013 On Demand after 4/10

Technical Education Training
Future Directions in GPS Location Assurance: 
Receiver Certifi cation, Antispoofi ng and Proof of Location On Demand after 4/10
Sponsored by: Rohde & Schwarz

CST Webinar
CST STUDIO SUITE 2013 – MW & RF Simulation 4/16

Technical Education Training 
Increasing Output Power and Effi ciency of Microwave P2P Systems 4/17
Sponsored by: Scintera/Sumitomo

Agilent in Aerospace/Defense
Radar: Trends, Test Challenges and Solutions 4/18

Agilent in LTE
8x8 MIMO and Carrier Aggregation Test Challenges for LTE 4/25
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Why Settle for <80dBm IIP2?

  Features

True Zero-IF with >530MHz I/Q Demodulation Bandwidth,
IIP2 and Offset Tuning

Achieve a high performance true ZIF receiver using the LTC®5585 I/Q demodulator with integrated adjustable IIP2 to 
>80dBm and DC offset nulling. With tuning, its 530MHz demodulation bandwidth can be extended to over 600MHz at 
gain flatness of ±0.5dB.

www.linear.com/IQdemod
1-800-4-LINEAR

IP2I, IP2Q (V)
0

IIP
2 

(d
Bm

)

80

90

100

0.8 0.9
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40
0.2 0.4 0.60.1 1.00.3 0.5 0.7

50

120
fRF = 700MHz

110

I, –40°C
I, 25°C
I, 85°C
I, 105°C

Q, –40°C
Q, 25°C
Q, 85°C
Q, 105°C

  Info & Free Samples

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

www.linear.com/dn1027

IIP2 Optimization vs Trim Voltage

Features

Frequency Range

I/Q Demodulation BW

IIP3

Adjustable IIP2

DC Offset Cancellation

LTC5584

30MHz - 1.4GHz

>530MHz

31dBm@450MHz

>80dBm

Yes

LTC5585

700MHz - 3GHz

>530MHz

25.7dBm@1.9GHz

>80dBm

Yes

Features

Frequency Range

I/Q Demodulation
BW

IIP3

Adjustable IIP2

DC Offset
Cancellation

LTC5584

30MHz to 1.4GHz

>530MHz

31dBm@450MHz

>80dBm

Yes

LTC5585

700MHz to 3GHz

>530MHz

25.7dBm@1.9GHz

>80dBm

Yes
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Mini-Circuits…we’re redefining what VALUE is all about! 

DC* to 7 GHz  from94¢
ea. (qty.1000 )

 24  dB

  GVA-81+

  GVA-84+

 20 dB  15 dB

 10 dB

+20 dBm Power Amplifiers with a choice of gain

PLIFIERS

*Low frequency cut-off determined by coupling cap,
 except for GVA-62+ and GVA-63+ low cutoff at 10 MHz.

US patent 6,943,629

®

The Design Engineers Search Engine finds the model you need, Instantly • For detailed performance specs & shopping online see

        IF/RF MICROWAVE COMPONENTS

ISO 9001   ISO 14001   AS 9100
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. Patents 
7739260, 7761442
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  GVA-63+

  GVA-83+

  GVA-62+

  GVA-82+

 2 New

Models!
The GVA-62+ and -63+ add ultra-flat gain to our GVA lineup, 
as low as ±0.7 dB across the entire 100 MHz-6 GHz band!  
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Phase Noise 
Measurements and 
System Comparisons

One of the most important parameters 
for oscillators is phase noise as it is 
critical to most applications.1-21 There 

are several methods for measuring phase noise 
which will be covered here including the pros 
and cons of each technique. Example measure-
ments on various types of systems will also be 
compared including their accuracy and speed.

The pioneer in phase noise measurement 
was Hewlett Packard.1,2 Modern phase noise 
systems use the correlation principle but this 
method has some drawbacks. The most direct 
and sensitive method to measure the spectral 
density of phase noise, S∆θ(fm), requires two 
sources – one or both of them may be the 
device(s) under test – and a double balanced 
mixer used as a phase detector (see Figure 1). 
The RF and LO input to the mixer should be in 
phase quadrature, indicated by 0 V dc at the 
IF port. Good quadrature assures maximum 
phase sensitivity Kθ and minimum AM sensi-
tivity. With a linear mixer, Kθ equals the peak 
voltage of the sinusoidal beat signal produced 

when both sources are frequency offset.
When both signals are set in quadrature, the 

voltage ∆V at the IF port is proportional to the 
fluctuating phase difference between the two 
signals.
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where Kθ = phase detector constant,
= V B peak for a sinusoidal beat signal.

Ulrich L. Rohde, Ajay K. Poddar 
and Anisha M. Apte
Synergy Microwave Corp., Paterson, NJ
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Noise fl oors close to −180 dBc can 
be achieved with a high-level mixer 
and a low-noise port amplifi er. The 
noise fl oor increases with fm−1 due to 
the fl icker characteristic of  �Vn. Sys-
tem noise fl oors of −166 dBc at 1 kHz 
have been realized. This is the limita-
tion of this approach.

In measuring low-phase-noise 
sources, a number of potential prob-
lems have to be understood to avoid 
erroneous data:
•  If two sources are phase locked to 

maintain phase quadrature, it has 
to be ensured that the lock band-
width is signifi cantly lower than the 
lowest Fourier frequency of inter-
est.

•  Even with no apparent phase feed-
back, two sources can be phase 
locking (injection locked), resulting 
in suppressed close-in phase noise.

•  AM noise of the RF signal can come 
through if the quadrature setting is 
not maintained suffi ciently.

•  Deviation from the quadrature set-
ting will also lower the effective 
phase detector constant.

•  Nonlinear operation of the mixer 
results in a calibration error and 
will add noise.

•  A non-sinusoidal RF signal causes 
�� to deviate from VB peak.

•  The amplifi er or spectrum analyzer 
input can be saturated during cali-
bration or by high spurious signals 
such as line frequency multiples.

•  Closely spaced spurious signals 
such as multiples of 60 Hz may 
give the appearance of continuous 

The calibration of the wave ana-
lyzer or spectrum analyzer can be 
read from the equations. For a plot of 
L(fm), the 0 dB reference level is to 
be set 6 dB above the level of the beat 
signal. The −6 dB offset has to be cor-
rected by +1.0 dB for a wave analyzer 
and by +2.5 dB for a spectrum ana-
lyzer with log amplifi er and average 
detector. In addition, noise bandwidth 
corrections may have to be applied.

Since the phase noise of both 
sources is measured in this system, 
the phase noise performance of one of 
them needs to be known in order to 
measure the other source. Frequently, 
it is suffi cient to know that the actual 
phase noise of the dominant source 
cannot deviate from the measured 
data by more than 3 dB. If three un-
known sources are available, three 
measurements with three different 
source combinations yield suffi cient 
data to accurately calculate each indi-
vidual oscillator’s performance.

Figure 1 indicates a narrowband 
phase-locked loop that maintains 
phase quadrature for sources that are 
not suffi ciently phase stable over the 
period of the measurement. The two 
isolation amplifi ers should prevent 
injection locking of the sources. Re-
sidual phase noise measurements test 
one or two devices, such as amplifi ers, 
dividers or synthesizers, driven by one 
common source. Since this source is 
not free of phase noise, it is important 
to know the degree of cancellation as a 
function of Fourier frequency.

The noise fl oor of the system is 
established by the equivalent noise 
voltage, ∆Vn, at the mixer output. It 
represents mixer noise as well as the 
equivalent noise voltage of the follow-
ing amplifi er:

 Fig. 1  Phase noise system with two sources maintaining phase quadrature.
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matically measures the residual phase 
noise of the 8662A synthesizer. It is a 
residual test, since both instruments 
use one common 100 MHz refer-
enced oscillator. Quadrature setting 
is conveniently controlled by probing 
the beat signal with a digital voltme-
ter and stopping the phase advance of 
one synthesizer when the beat signal 
voltage is sufficiently close to zero.

Doing MeasureMents
As shown in Figure 3, the Hewlett 

Packard test equipment HP3047A 
was built around a double-balanced 
mixer which can handle +23 dBm of 
power. While this HP equipment is 
no longer manufactured and has been 

phase noise when insufficient reso-
lution and averaging are used on 
the spectrum analyzer.

•	  Impedance interfaces should re-
main unchanged when going from 
calibration to measurement.

•	   In residual measurement system 
phase, the noise of the common 
source might be insufficiently can-

s Fig. 2  Automatic system to measure residual phase noise of two 8662A synthesizers  
(courtesy of Hewlett-Packard Co.).
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celed due to improperly high de-
lay-time differences between the 
two branches.

•			Noise	 from	 power	 supplies	 for	 de-
vices under test or the narrowband 
phase-locked loop can be a domi-
nant contributor of phase noise. 

•			Peripheral	instrumentation	such	as	
the oscilloscope, analyzer, counter 

or DVM can inject 
noise. 
	•			Microphonic	

noise might ex-
cite significant 
phase noise in 
devices.

Despite all these 
hazards, automatic 
test systems have 
been developed 
and operated suc-
cessfully for years.4 
Figure 2 shows a 
system that auto-
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replaced by the Agilent E5052A and 
E5052B, this system shows some inter-
esting features.
1.  The noise fl oor is about −177 

dBc/Hz and the resolution, shown 
in Figure 4 is approximately −180 
dBc/Hz.

2.  The limit of the dynamic range is 
(Pout (dBm) + kT – NF), (where NF 
= NFosc + NFamp) which in the case 
of a 0 dBm oscillator would be −174 
dBc or relative to one sideband −177 
dBc - NF. Assuming a signal to be 
+20 dBm, then the dynamic range is 
approximately 200 dBc - NF.

3.  The term NFosc refers to the large 
signal noise fi gure of the oscilla-
tor, which can vary from 2 dB at 10 
MHz to 6 dB at 100 MHz or even 
higher at 1000 MHz. As an example, 
the far out SSB noise at 1000 MHz 
is typically −172 dBc/Hz at 5 dBm 
of output power.

4.  The mixer and the post ampli-
fi er can easily go into compression 
which raises the noise fl oor. In the 
previous publications for this sys-
tem, this effect was not considered. 
It was found that some of the mea-
surements done with this system at 
low frequencies were off, the crystal 
oscillators in question were actually 
better.
From a system’s point-of-view, the 

numbers are not that optimistic, as 
seen from Figure 5. The reason for 
this is that the transistor used in the os-
cillator has its own noise contribution. 
This system is used to measure residual 
noise in amplifi ers or switches. This is 
an important diagram for system plan-
ning.

The HP 3047A has a built-in crystal 
oscillator and its measured phase-noise is 
shown in Figure 6. These measurements 
are actually a little better than what was 
specifi ed by HP but these are not as good 
as modern measurement systems.

Synergy kept the old HP system 
hardware for these references. The sys-
tem is software based and used an FFT 
analyzer; for its time this was the best 
system around, but the measurements 
took a long time to make. Modern test 
equipment using the cross-correlation 
methods are at least 20 times faster.

NOISE IN CIRCUITS AND 
SEMICONDUCTORS

Microwave applications generally 
use bipolar transistors and following 
are their noise contributions.3,5,6,9,21

 Fig. 5  The HP 3047A residual phase noise measurement, not oscillator phase noise.
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The noise temperature can thus be 
used as a quantity to describe the 
noise behavior of a general lossy 
one-port network.

•	 For high frequencies and/or low 
temperature, a quantum mechani-
cal correction factor has to be in-
corporated for the validation of 
equation. This correction term re-
sults from Planck’s radiation law, 
which applies to blackbody radia-
tion.

( )

( )

= Δ
= Δ •

= −
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

= ⋅ −

P kT f

P kT f p f ,T ;

with p f ,T
hf
kT

e 1

where h 6.626 10 J s ,

Planck’s constant (7)
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hf
kT

34

Schottky/Shot Noise
•	 The Schottky noise occurs in con-

ducting PN junctions (semicon-
ductor devices) where electrons 
are freely moving. The root mean 
square (RMS) noise current is giv-
en by

= =i 2qI ;P i Z (8)n
2

dc n
2

where q is the charge of the electron, 
P is the noise power, and Idc is the dc 
bias current.
Z is the termination load (can be com-
plex).
•	  Since the origin of this noise gen-

erated is totally different, they are 
independent of each other.

Flicker Noise
•	  The electrical properties of sur-

faces or boundary layers are in-

•	  In order to reduce this noise, the 
only option is to lower the temper-
ature, since noise power is directly 
proportional to temperature.
The Johnson noise sets the theo-

retical noise floor.

Planck’s Radiation Noise
•	  The available noise power does not 

depend on the value of resistor but 
it is a function of temperature T. 

Johnson Noise
•	  The Johnson noise (thermal 

noise) is due to the movement of 
molecules in solid devices called 
Brown’s molecular movements.
It is expressed as

( )( )=v 4kT RB emf volt
Hz (5)n

2
0

2

The power can be written as:

( )

( )

= =

= =
=
− =

×
=

× × = ×

ω =
⎛

⎝
⎜

⎞

⎠
⎟ =

− −

−

− −

Noise Power
v
R

4kT B W
Hz

for B 1Hz,Noise Power 4kT

T 290K and

k Boltzmann’s const.

1.38 10

by Thevenin,Noise Power

1.38 10 290 4 10 W

L 10. log
v R
1dBm

173.97 dBm or about 174 dBm (6)

n
2

0

0

23

23 21

n
2

s Fig. 6  HP10811B measurement of 10 MHz signal on R&S FSUP.
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and can hopefully validate the same. 
The basic equation (Rohde’s Modi-
fi ed Leeson Equation) needed to 
calculate the phase noise is found 
in The Design of Modern Micro-
wave Oscillators for Wireless Ap-
plications: Theory and Optimiza-
tion.1,13,14,15,16 It is:
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where £(fm), fm, f0, fc, QL, Q0, F, k, T, 
P0, R, K0 and m are the ratio of the 
sideband power in a 1 Hz bandwidth 
at fm to total power in dB, offset fre-
quency, fl icker corner frequency, 
loaded Q, unloaded Q, noise factor, 
Boltzmann’s constant, temperature in 
degree Kelvin, average output power, 
equivalent noise resistance of tuning 
diode, voltage gain and ratio of the 
loaded and unloaded Q, respectively.

In the past this was done with the 
Leeson formula, which contains sev-
eral estimates, those being output 
power, fl icker corner frequency and 
the operating (or loaded) Q. Now, one 
can assume that the actual phase noise 
is never better than the large signal 
noise fi gure (F) given by the following 
equation:13,14
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APPLYING CROSS-CORRELATION
The old systems have an FFT ana-

lyzer for close-in calculations and are 
slower in speed. Modern equipment 
use the noise-correlation method. 
The reason why the cross-correlation 
method became popular is that most 
oscillators have an output between 
zero and 10 dBm and what is even 
more important is that only one source 
is required. The method with a delay 

fl uenced energetically by states, 
which are subject to statistical 
fl uctuations and therefore, lead to 
the fl icker noise or 1/f noise for the 
current fl ow.

•  1/f noise is observable at low fre-
quencies and generally decreases 
with increasing frequency f accord-
ing to the 1/f-law until it will be 
covered by frequency independent 
mechanism, like thermal noise or 
shot noise.
Example: The noise for a conduct-

ing diode is bias dependent and is ex-
pressed in terms of AF and KF.

= +i 2qI B KF
I

f
B (9)Dn

2
AC DC

DC
AF

•  The AF is generally in range of 1 to 
3 (dimensionless quantity) and is a 
bias dependent curve fi tting term, 
typically 2.

•  The KF value is ranging from 1E−12

to 1E−6 and defi nes the fl icker cor-
ner frequency.

Transit Time and Recombination 
Noise
•  When the transit time of the carri-

ers crossing the potential barrier is 
comparable to the periodic signal, 
some carriers diffuse back and this 
causes noise. This is really seen in 
the collector area of NPN transistor.

•  The electron and hole movements 
are responsible for this noise. The 
physics for this noise has not been 
fully established.

Avalanche Noise
•  When a reverse bias is applied to 

semiconductor junction, the nor-
mally small depletion region ex-
pands rapidly.

•  The free holes and electrons then 
collide with the atoms in depletion 
region, thus ionizing them, and 
produce a spiked current called the 
avalanche current.

•  The spectral density of avalanche 
noise is mostly fl at. At higher fre-
quencies, the junction capacitor 
with lead inductance acts as a low-
pass fi lter.

•  Zener diodes are used as voltage 
reference sources and the ava-
lanche noise needs to be reduced 
by big bypass capacitors.

Prediction of Phase Noise
•  In designing an oscillator, one needs 

to have a concept of how to do this 
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nal phenomena) divider noise, those 
references can be 20 dB worse. Both 
Rohde & Schwarz and Agilent use a 
synthesized approach. This limits the 
dynamic range close-in to the carrier 
and far-out to the carrier. When us-
ing the correlation to get 10 dB more 
dynamic range, 100 correlations are 
necessary or the measurement is one 
hundred times slower. The R&S FSUP 
is a combination of a spectrum analyzer 
and the phase noise test setup while 
the Agilent E5052B is a dedicated sys-
tem, about 4-6 times faster.

AdvAntAges of the noise 
correlAtion technique11-19

1. Increased speed
2. Requires less input power
3. Single source set-up
4. Can be extended from low fre-

quencies like 1 MHz to 100 GHz
All of which depends upon the in-

ternal synthesizer.

disAdvAntAges of the noise 
correlAtion technique
1.  Different manufacturers have dif-

ferent isolation, so the available dy-
namic range is difficult to predict.

2.  These systems have a “sweet-spot,” 
both Rohde & Schwarz and Agilent 
start with an attenuator, not to over-
load the two channels; 1 dB differ-
ence in the input level can result 
in significantly different measured 
numbers. These “sweet-spots” are 
different for each system. The RF 
attenuation that is needed to find 
the “sweet-spot” reduces the over-
all dynamic range of the correlation 
by this amount. 

line, in reality required a variable de-
lay line to provide correct phase noise 
numbers as a function of offset (this 
is shown in reference 1, pp. 148-153, 
Fig. 7.25 and 7.26).

This technique combines two sin-
gle-channel reference source/PLL 
systems and performs cross-correla-
tion operations between the outputs of 
each channel, as shown in Figure 7.7,8

The DUT noise through each channel 
is coherent and is not affected by the 
cross-correlation, whereas the inter-
nal noise generated by each channel 
is incoherent and is diminished by the 
cross-correlation operation at the rate 
of M (M being the number of correla-
tions). This can be expressed as:

( )= + +N N N N / M (12)meas DUT 1 2
1 2

where Nmeas is the total measured 
noise at the display; NDUT the DUT 
noise; N1 and N2 the internal noise 
from channels 1 and 2, respectively; 
and M the number of correlations. 
The two-channel cross-correlation 
technique achieves superior measure-
ment sensitivity without requiring 
exceptional performance of the hard-
ware components. However, the mea-
surement speed suffers when increas-
ing the number of correlations.5 The 
built-in synthesizer limits the dynamic 
range and that is the reason why at 
lower frequencies crystal-oscillators 
are used.

The assumption is that the internal 
reference sources 1 and 2 are at least 
equal in noise contribution as the DUT 
and assuming a correlation of 20 dB 
(limited by leakage and other large sig-

s Fig. 7  Block diagram showing the noise-correlation method.
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 DC to 40GHz

4.  For frequencies below 200 MHz, 
systems such as AnaPico or Holz-
worth using two crystal oscillators 
instead of a synthesizer must be 
used (there is no synthesizer good 
enough for this measurement). Ex-
ample: Synergy LNXO100 crystal 
oscillator measures about −142 
dBc/Hz (100 Hz offset), limited by 
the synthesizer of the FSUP and 
−147 dBc/Hz with the Holzworth 
system. Agilent results are similar 
to the R&S FSUP, just faster.

5.  At frequencies like 1 MHz off the 
carrier, these systems gave differ-
ent results. The R&S FSUP, tak-
ing advantage of the “sweet-spot,” 
measures −183 dBc, Agilent indi-
cates −175 dBc/Hz and Holzworth 
measures −179 dBc/Hz.
We have not researched the “sweet-

spots” for Agilent and Holzworth, but 
we have seen publications for both 
Agilent and Holzworth showing −190 
dBc/Hz far off the carrier. These were 
selected crystal oscillators from either 
Wenzel or Pascall.

Another problem is the physical 
length of the crystal oscillator connec-
tion cable to the measurement sys-
tem. If the length provides something 
like “quarter-wave-resonance,” incor-
rect measurements are possible. The 
list of disadvantages is quite long and 
there is a certain ambiguity concern-
ing whether or not to trust these mea-
surements or if they are repeatable.

CRYSTAL OSCILLATORS
Here are some important examples 

of crystal oscillators. The fi rst one is 
by Rohde (1975) and is shown is Fig-
ure 8a with simulated phase noise 
shown in 8b.4,9 This represents the 
phase-noise of the oscillator without 
the buffer-amplifi er shown in Figure 

3.  The harmonic 
content of the 
oscillator can 
cause an erro-
neous measure-
ment so a switch-
able lowpass fi l-
ter (such as the 
R&S  Switchable 
VHF-UHF Low-
pass Filter Type 
PTU-BN49130 
or its equivalent) 
should be used.6

 Fig. 9  Rohde design later implemented by HP.
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8a. Most modern equipment uses the 
crystal oscillator using Rohde’s design 
technique (see Figure 9). The actual 
measured numbers are shown in Fig-
ure 6. Another important oscillator 
is by Michael Driscoll. This circuit is 
shown in Figure 10a and its simu-
lated phase noise in Figure  10b. The 
crystal is used as a filter to ground. 
We have seen applications of this de-

s Fig. 10  Driscoll oscillator (a) and simulated phase noise (b).
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sign from 10 to 100 MHz. Sometimes 
there is a stability problem with up-
per transistor of the cascode. Another 
important contribution is the intro-
duction of the stress-compensated or 
doubly-rotated crystal, in short SC 
cut. This took over after the AT cut. 
Its drawbacks are possible spurious 
resonance and higher cost, but the ac-
tual phase-noise is 6 to 10 dB. So far 
there is no clear explanation of why 
this is the case.10,11

The 100 MHz crystal oscillator 
measurements are most demanding 
and these oscillators are the back-
bone of many test and communication 
equipment. Figure 11 shows a typical 
simple 100 MHz crystal oscillator and 
its simulated phase noise. Its output 
power is shown in Figure 11c. This 
oscillator is missing a buffer stage. 
Figure 12a shows the buffer ampli-
fi er and Figure 12b shows its simulat-
ed noise fi gure and Fmin. An increase 
in the noise fi gure, seen below 50 
MHz, is due to coupling capacitor. Fi-
nally, a 100 MHz crystal oscillator with 
a grounded base amplifi er is shown 
in Figure 13a with simulated phase 
noise and power output plot in Figure 
13b and Figure 13c, respectively.

Figures 14 through 17 show 
measured results from the 100 MHz 
crystal oscillator performed on sys-
tems from Agilent, Rohde & Schwarz, 
Holzworth and AnaPico, respective-
ly. Appendix I (see online at www.
mwjournal.com/synergyappendix) 
shows the phase noise calculation for 
this oscillator. The calculated 100 Hz 
offset phase noise is −146 dBc/Hz and 
the far out phase noise is − 183.3 dBc/
Hz  (see Figure 18). These numbers 
agree well with the R&S FSUP mea-
surements. The Agilent results are 
close, but the system is not optimized 
as the “sweet-spot” has not been char-
acterized. This may be frequency and 
power level dependent. The Holz-

 Fig. 12  Buffer amplifi er block diagram (a) and simulated noise fi gure and Fmin (b).
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s Fig. 13  100 MHz crystal oscillator with 
the grounded-base amplifier (a), simulated 
noise figure (b) and power output plot (c).
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s Fig. 14  100 MHz crystal oscillator mea-
sured on Agilent E5052B (Corr_4000).
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s Fig. 15  100 MHz crystal oscillator mea-
sured on R&S FSUP.
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worth equipment shows the best close-
in correct phase noise level, but we 
have not found the proper correlation 
figures. The AnaPico test equipment 
seems to have a hump, but generally 
agrees well with the calculations. The 
Holzworth equipment performs the 
measurement in approximately 3 to 4 
minutes (5 correlations), and about 1 
minute with no correlations and 3 dB 
worse phase noise.

What does the law of physics tell 
us? As pointed out, here is the calcu-
lation for the Synergy LNXO100, SSB 
phase noise = Pout (dBm) + 177 (dB) 

– NF (large signal noise figure of the 
buffer amplifier). In our case, we get 
14 + 177 − 7.7 =183.3. This means the 
SSB phase noise far out is −183.3 dBc/
Hz.

ConClusion
In this article, we have looked at 

typical oscillator circuits and some of 
their design rules. Calculations for 
phase noise were reviewed. Various 
systems were reviewed measuring a 
100 MHz crystal oscillator. The phase 
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Cover Feature
noise equations give the best possible 
phase noise. If the equipment in use, 
after many correlations, gives a better 
number, it violates the laws of physics 
as we understand them and if it gives a 
worse number, then either the corre-
lation settings need to be corrected or 
the dynamic range of the equipment is 
insufficient. We realize that this treat-
ment is exhaustive, but we think that 
it was necessary to explain how things 
fall into place. At 20 dBm output, the 
output amplifier certainly has a higher 
noise figure, as it is driven with more 
power and there is no improvement 
possible. There is an optimum condi-
tion and some of the measurements 
showing −190 dBc/Hz do not seem 
to match the theoretical calculations. 
The correlation allows us to look be-
low KT, but the noise contribution 
below KT is as useful as finding one 
gold atom in your body’s blood. This 
gold atom has no contribution to your 
system. ■
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Microlithic mixers are a new technol-
ogy from Marki Microwave that im-
proves previous levels of performance 

and packaging. Based on a patent pending tech-
nique, Microlithic technology reduces the size 
of state-of-the-art mixers by 14 times while still 
maintaining the high performance associated 
with Marki mixers (see Figure 1). The tech-
nology achieves this combination of small size 
and high performance through a design meth-
odology that combines multi-layer 3D circuitry 
with high-performance Schottky diode ICs in a 
miniaturized, integrated package. Perhaps more 
importantly, Microlithic mixers are optimized 
completely in 3D EM simulation prior to fabri-
cation, giving Marki engineers full control over 
the design process, and giving customers the 
promise of performing full mixer simulations 
before they complete their bill of materials.

THE MIXER PARADOX: HYBRID VS. MMIC
The pervasive trend in electronic systems 

design is to improve size, weight and power 
(SWaP).  In military applications such as satellite 

communications and unmanned 
aerial vehicles (UAV), for ex-
ample, future technologies are 
needed that provide a reduction 
in SWaP while still maintaining 
the performance associated with 
existing solutions. Many compa-
nies and designers have chosen 
monolithic microwave integrated 
circuit (MMIC) technology to 

build RF building blocks to reduce SWaP. In-
deed, components such as MMIC amplifi ers and 
switches can achieve high performance at a frac-
tion of the form factor of their hybrid counter-
parts.

However, not all components are ideally 
suited for MMIC fabrication. Hybrid mixers con-
tinue to exceed MMIC electrical performance. 
The hybrid/MMIC performance chasm has insu-
lated high performance mixer vendors from the 
disruptive impact of MMIC technology because 
many applications exist that simply cannot be 
satisfi ed by existing MMIC solutions. Neverthe-
less, hybrid mixer vendors have had a diffi cult 
time developing smaller form factor products, 
and customers are often left with a paradoxical 
dilemma: select a hybrid mixer that is too large 
but offers superior performance, or select the 
smaller MMIC mixer that does not satisfy sys-
tem requirements.

Traditional hybrid mixers are mixers that are 
manufactured using several different types of 
materials and manufacturing processes that are 
combined into a single package. Hybrid mixers 
are commonly assembled by attaching discrete 
semiconductor integrated circuits (IC) to pre-
etched low dielectric substrates. The use of 
discrete ICs and low dielectric materials is both 
an advantage and a disadvantage when designing 
traditional hybrid mixers. On one hand, the de-

Marki Microwave Inc.
Morgan Hill, CA
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 Fig. 1  Microlithic mixer.
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be forced to trade performance for chip 
size in order to reduce cost.

Resolving the MixeR PaRadox
Microlithic mixers from Marki Mi-

crowave offer a combination of ad-
vantages that have not been achieved 
by either traditional hybrid mixers or 
MMIC mixers. The performance of hy-
brid mixers has been combined with 
the size and manufacturing advantages 
of MMICs to produce a mixer that 
can achieve decade bandwidth, low 
conversion loss and small form factor. 
This performance is achieved through 
a combination of 3D multilayer fabrica-
tion and IC integration that is amenable 
to both low volume prototyping and 
customization and high volume manu-
facturing. Table 1 highlights the key at-
tributes of the Microlithic mixers com-
pared to traditional hybrids and MMICs.

MicRolithic PeRfoRMance
Microlithic mixers are designed us-

ing CAD tools, giving engineers full 
control over the optimization and 

signer can select the highest quality ICs 
from any number of potential vendors, 
and the low dielectric material will have 
low losses and minimal transmission line 
dispersion. On the other hand, attaching 
discrete ICs to the 3D mixer structure 
requires great skill and the low dielec-
tric constant precludes circuit miniatur-
ization. Nevertheless, traditional hybrid 
mixers cannot be replaced in many ap-
plications owing to their superior per-
formance and their ability to be custom-
ized without added cost or lead time.

MMIC mixers, especially those based 
on GaAs processes, have demonstrated 
several-octave bandwidth at a fraction 
of the size of comparable hybrid mixers. 
The primary advantage of MMIC mix-
ers is that the entire circuit (i.e., the IC 
devices and the passive circuitry) are 
integrated onto a single semiconduc-
tor wafer, thereby obviating the need 
for hand assembly. Monolithic mixers 
are well suited for high volume ap-
plications where size and cost are key 
drivers. Despite the obvious benefits of 
fully automated assembly, MMIC fabrica-
tion has certain drawbacks. Specifically, 
MMIC designs are inherently restricted 
by the finite device options and geom-
etry design rules imposed by the found-
ry. Among other technical issues, GaAs 
foundries generally fabricate 0.004" thick 
wafers. This relatively thin substrate is 
not conducive to achieving a high even 
mode to odd mode impedance ratio in 
the mixer baluns, and therefore restricts 
the achievable bandwidth of the mixer. 
Hybrid mixers, by comparison, are often 
built using suspended substrates to cre-
ate significantly higher even/odd mode 
ratios. Moreover, GaAs has a relatively 
high dielectric constant, which results 
in significant amounts of dispersion, and 
hence inferior mixer balance and band-
width. Finally, the price per area in MMIC 
fabrication is significantly higher than in 
hybrid mixers, so the designer will often 

Most Valuable Process
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customization of the designs.  While 
traditional Marki mixers have been 
designed using decades of experience 
and painstaking trial and error, Micro-
lithic mixers are designed completely 
in the virtual space and sent to fabrica-
tion only after countless optimization 
routines are performed to hone the 
design and study the inherent tradeoffs 
(see Figure 2). Owing to the precision 
of the fabrication process, and the ac-
curacy of harmonic balance modeling 
of the diodes, Marki engineers have 
demonstrated very good agreement 
between the mixer simulations and the 
bench top measurements. As shown 
in Figure 3, simulations exhibit good 
agreement with measurement data.

In terms of overall bandwidth cov-
erage, Microlithic designs have already 
been demonstrated through 40 GHz. 
These designs are all based on double 
balanced topologies — such as those 
available in Marki Microwave’s M1 and 
M9 mixer lines — and compare either 
favorably and/or better than their leg-
acy counterparts. For example, typical 
conversion loss for Microlithic mixers 
ranges from 6 to 8 dB with L-R isola-
tion on the order of 40 dB. Further-
more, Microlithic designs are not spe-
cific to any particular semiconductor 
device meaning that ICs can be select-
ed to optimize for any particular ap-
plication. For example, by selecting sili-
con Schottky diode quads, mixers can 
be driven with LO drive as low as +7 
dBm. This represents significant power 
savings compared to GaAs MMIC mix-
ers, which require at least +13 dBm 

s Fig. 2  Microlithic mixer design flow.

TABLE I
kEy ATTrIBuTEs of ThE mIcroLIThIc mIxErs compArEd To TrAdITIonAL 

hyBrIds And mmIcs

Traditional 
Hybrid Mixer

Monolithic 
Mixer

Microlithic 
Mixer

Package Area 0.600"  0.320" 0.120"  0.120" 0.152"  0.090"

Minimum LO Drive +7 dBm >+13 dBm +7 dBm

Typical Bandwidth Multi-decade Multi-octave Decade

Development Lead Time Days to weeks Months to years Weeks to months

Target Volume Low to medium Medium to high Low to high

Circuit Complexity High Low High

Repeatability Good Excellent Excellent

Customizability High Low High

Nonlinear Devices Any vendor,  
many choices

Limited by foundry 
process

Any vendor,  
many choices

RoHS Compliance Sometimes Yes Yes

Simulation Support Spur tables, s-files Spur tables, s-files Harmonic balance 
behavioral model

__4M25 FINAL.indd   50 3/26/13   11:59 AM



Offering a complete line of High Performance Solid-State Attenuators to 40GHz

7311-F Grove Road, Frederick, Maryland 21704 USA
Tel: 301-662-5019  |  Fax: 301-662-1731

Email: sales@pmi-rf.com  |  www.pmi-rf.com

ISO9001:2008 Certified    

PLANAR MONOLITHICS INDUSTRIES, INC.

Amplifiers

Attenuators - Variable

DLVA & ERDLVA &
SDLVA’s

DTO’s

Filters

Form, Fit & FunctionForm, Fit & Function
Products

Hybrids, Dividers &
Couplers

IFM’s & Frequency
Discriminators

Integrated MIC/MMIC
ModulesModules

I/Q Vector Modulators

Limiters & Detectors

Log Amplifiers

Pulse & Bi-Phase
Modulators

Phase Shifters

Rack & Chassis MountRack & Chassis Mount
Products

Receiver Front Ends

Single Sideband 
Modulators

SMT & QFN Products

Solid-State Switches

Switch MatricesSwitch Matrices

Switch Filter Banks

Threshold Detectors

USB Products

MWJPLANAR0413.indd   51 3/25/13   11:18 AM

mailto:sales@pmi-rf.com
http://www.pmi-rf.com
http://www.pmi-rf.com


or more. Microlithic mixers have also 
been subjected to key environmental 
stress tests such as acceleration, shock, 
vibration and temperature shock with 
100 percent passing yield. The perfor-
mance, size and reliability of these mix-
ers make them ideal for both military 
and commercial applications.

the interaction of the 3D simulated pas-
sive structures, the Schottky diodes and 
the loading conditions of the ports — as 
opposed to ad hoc programming using 
a spur look up table and s-fi les. The Mi-
crolithic user will therefore have more 
fl exibility in studying the mixer’s be-
havior within a system and be able to 
optimize the design more quickly and 
accurately, thus saving time, money, and 
enhancing the scientifi c understanding 
of the mixer interaction. The plot in 
Figure 4 demonstrates the accuracy of 
the Microlithic models for predicting 
spurious performance. Marki plans to 
initially develop downloadable Micro-
lithic models for its customers who 
use AWR Microwave Offi ce and even-
tually expand the simulation support 
to programs such as ADS.

THE FUTURE OF MICROLITHIC 
TECHNOLOGY

Microlithic mixers covering up 
to 20 GHz are currently available as 
demo units and will be available for 
volume purchase as both RoHS com-
pliant wire-bondable chips and surface 
mount units by late Q2 2013. High fre-
quency units are expected to demo in 
early Q3, with special function mixers 
(IQ, IR, SSB) later this year.

Ultimately, the Microlithic technology 
platform promises to offer smaller size, 
higher performance, lower power and 
faster time to market for a wide variety 
of applications. This technology repre-
sents a giant step forward in our quest 
to enable our customers to design faster, 
simplify production, eliminate complexity 
and shatter performance barriers.
Marki Microwave Inc., 
Morgan Hill, CA 
info@markimicrowave.com, 
www.markimicrowave.com.
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High-Quality, Custom Solutions

• Passive filter experts
   since 1982
• DC to 20 GHz, µW to kW, 
   many technologies
• Filters, diplexers, triplexers, 

multiplexers
• Ceramic resonators from our 

factory in San Diego, CA
• Designs for adverse 

environments and missions
• AS-9003 compliant Quality 

System
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   delivery worldwide
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TEL 858.259.2600

• Ceramic resonators from our 
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of the Mars Rover
project

All products
made in USA

Most Valuable Process

 Fig. 4  Measured spur level vs. microlithic model (MWO).
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THE FUTURE OF MIXER MODELING

A signifi cant and useful byproduct of 
the Microlithic design fl ow is the cre-
ation of an accurate and usable mixer 
model. These behavioral mixer mod-
els are dynamic within the context of 
the harmonic balance engine. In other 
words, no assumptions are made about 
the boundary conditions of the mixer 
ports (I/O frequencies, power levels, 
etc). In the Microlithic models, the 
nonlinear performance is predicted by 
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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 
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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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Defense News
Dan Massé, Associate Technical Editor

Raytheon Helps MDA Counter Ballistic 
Missile Threat with AN/TPY-2 Radar

Raytheon Co. delivered its eighth AN/TPY-2 radar to 
the Missile Defense Agency (MDA) in support of the 
U.S. combatant commands. An integral capability of 

the Ballistic Missile Defense System (BMDS), AN/TPY-2 
is a mobile, X-Band phased-array radar that helps protect 
the U.S., deployed forces, and America’s allies by search-
ing, acquiring and tracking threat ballistic missiles and dis-
criminating between threats and non-threats.

“Delivering the vital AN/TPY-2 helps meet the grow-
ing demand for radars that can help defend the U.S. and 
its allies from the more than 5,500 ballistic missiles MDA 
estimates are not controlled by the U.S., NATO, Rus-

sia or China,” said Dave 
Gulla, vice president of 
Global Integrated Sen-
sors in Raytheon’s Inte-
grated Defense Systems 
business. “The AN/TPY-2 
has proven itself an indis-
pensable component of 
our nation’s ballistic mis-
sile defense and has per-
formed fl awlessly in every 
test to date against every 
category of ballistic mis-
sile and in raid scenarios.”

The AN/TPY-2 radar 
Raytheon delivered will 
serve in terminal mode as 
the fi re control radar for 
the U.S. Army’s Terminal 
High Altitude Area De-

fense missile defense system. Other forward-based AN/
TPY-2’s that are deployed around the globe cue the BMDS 
by detecting, tracking and discriminating enemy ballistic 
missiles in the ascent phase of fl ight.

Lockheed Martin to Continue Providing Life 
Sciences Support to NASA   

As part of the Wyle-led team, Lockheed Martin has 
been selected by NASA’s Johnson Space Center to 
provide biomedical, medical and health services in 

support of all human spacefl ight programs. These servic-
es under the Human Health and Performance Contract 
(HHPC) monitor astronaut health and enable bioastronau-
tics research that benefi ts life on Earth.

The potential contract value to Lockheed Martin is 
about $250 million over the expected 10-year life of the 
contract. Lockheed Martin is responsible for fl ight hard-
ware development, facilitation of life sciences research 
conducted on the International Space Station (ISS), hu-
man factors engineering to optimize tools and experiments 
for astronauts in zero gravity, radiation analysis, space food 
development, fl ight/ground crew training, and life sciences 
data archival.

“Lockheed Martin has provided life sciences support 
at Johnson Space Center for more than 30 years and has 
supported America’s human spacefl ight program for more 
than 50 years,” said Rick Hieb, vice president of explora-
tion and mission support for Lockheed Martin’s Informa-
tion Systems & Global Solutions. “Together with Wyle, we 
apply that experience to ensure the high quality of science 
on human space missions and leverage the knowledge 
gained in space to enhance life here on Earth.”

Cobham Wins £16M Order for IED Detection 
Systems

Cobham has been awarded a £16 million order to sup-
ply NATO forces with leading-edge vehicle mounted 
improvised explosive 

device (IED) detection 
equipment.

These systems will 
be delivered in 2013 by 
Cobham Antenna Sys-
tems in the UK. Fred 
Cahill, VP Cobham An-
tenna Systems, explained, 
“Cobham will deliver en-
hanced Counter-IED de-
tection capabilities, which 
can be safely deployed 
from within the protec-
tion of mine-resistant am-
bush-protected (MRAP) 
vehicles. These advanced 
systems are designed for the most demanding military re-
quirements and complements existing technology which 
Cobham provides to protect lives and livelihoods.”

Go to mwjournal.com for more defense news items

“The AN/TPY-2 
has proven itself 
an indispensable 
component of our 
nation’s ballistic 
missile defense 
and has performed 
fl awlessly in every 
test to date against 
every category of 
ballistic missile and 
in raid scenarios.”
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Source: Raytheon Co.

“Cobham will 
deliver enhanced 

Counter-
IED detection 

capabilities, which 
can be safely 

deployed from 
within the protection 

of mine-resistant 
ambush-protected 
(MRAP) vehicles.”
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Defense News

U.S. Army Increases Harris IDIQ Tactical 
Communications Contract Ceiling by $500M

Harris Corp. has received a $500 million increase in 
the ceiling value of its 2011 Indefinite Delivery, In-
definite Quantity (IDIQ) contract with the U.S. Army 

Communications Electronics Command.
The increased ceiling provides the U.S. government 

with greater flexibility in acquiring Harris radios, accesso-
ries, systems and services to assist international partners 
with their mission-critical communication needs.

Under the contract, Harris provides military and land 
mobile radio systems to international partners of the U.S. 
State Department and U.S. Department of Defense. The 
contract is part of the U.S. government’s Foreign Military 
Sales program, which supports coalition building and in-
teroperability through sales of defense equipment, training 
and services.

The contract enables these organizations to acquire 
equipment from the entire Harris Falcon radio portfo-
lio, including advanced wideband solutions — such as 
the RF-7800H high-frequency, RF-7800M multiband 
networking and RF-7800S secure personal radios — as 

well as Harris Unity and 
other land mobile radios 
for public safety and first 
responder communica-
tions.

“The increased ceil-
ing expands our ability 
to support international 
customers with advanced 
tactical radios and in-
tegrated communica-
tions system solutions,” 
said Dana Mehnert, 
group president, Har-
ris RF Communications. 
“Backed by 50 years of 
expertise and world-class 
customer support, our ra-
dios have been proven extensively in missions all around 
the world. We provide users with mission-critical network 
communications for applications in command and con-
trol, border security, counter-terrorism and other mis-
sions.”
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The increased ceiling 
provides the U.S. 
government with 
greater flexibility 

in acquiring Harris 
radios, accessories, 

systems and services 
to assist international 

partners with their 
mission-critical 

communication needs.
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NCC NUREMBERG, GERMANY
EUROPEAN MICROWAVE WEEK 2013 

NÜRNBERG NCC, GERMANY,  
OCTOBER 6 - 11, 2013

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

Visit Booth 819 or book online NOW!
Call +44(0) 20 7596 8742 or visit www.eumweek.com

EuMW 2013 will be held for the first time at the Nürnberg Convention Center (NCC) in 
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International Report
Richard Mumford, International Editor

the FUCOM project will then propose ways of combining 
available resources to provide European Union forces with 
the systems they would need to conduct various types of 
missions.

To ensure interoperability in a context where few fre-
quency bands are available, wireless communications need 
to be harmonised. EU member states have tended to ad-
dress this issue in a piecemeal approach, through a varying 
array of developments and standards that are not always 
compatible with each other. This has resulted in a loss of 
overall effi ciency and has made it increasingly diffi cult for 
forces to cooperate on 
multinational operations. 
It also increases the risk 
of reliance on third-party 
nations, particularly the 
United States, for certain 
interoperable assets or 
resources.

The FUCOM project 
will issue a set of recom-
mendations based on 
the existing and future 
systems of EU member 
states and will specify the 
technical and operational resources and technological solu-
tions needed to ensure a cohesive capability.

The FUCOM project will comprise four phases: Iden-
tifi cation of operational scenarios and capability require-
ments, including an inventory of the main existing space-
based communication systems (Syracuse in France, Skynet 
5 in the UK, Sicral in Italy, etc.) and terrestrial systems 
(software-defi ned radio projects such as Contact in France, 
etc.); technical characterisation of the communication sys-
tems needed to support these operational scenarios; iden-
tifi cation of possible future capability gaps; and analysis 
of the radio frequency spectrum to determine which fre-
quency bands are available.

NGMN Alliance Launches Next Generation 
Networks Projects

The Next Generation Mobile Networks (NGMN) Al-
liance has launched four new project activities high-
lighting the Alliance’s commitment to further en-

hance next generation networks and to guide the industry 
with its recommendations. The four new projects will 
determine the focus of the NGMN Alliance for the next 
12 months.

The objective of the Next Generation Converged Oper-
ations Requirements (NGCOR) project is to reduce com-
plexity and integration costs in the area of network man-
agement by achieving standardised interfaces between the 
Telco infrastructure and the operations support systems 
(OSS). The RAN Evolution project will evaluate options 
and give recommendations for a future radio access net-

€50 Million EU Research Grants Aim to 
Develop 5G Technology

European Commission vice president Neelie Kroes an-
nounced €50 million for research to deliver 5G mo-
bile technology by 2020, with the aim to put Europe 

back in the lead of the global mobile industry. “I want 5G 
to be pioneered by European industry, based on European 
research and creating jobs in Europe – and we will put our 
money where our mouth is,” Kroes said.

By 2020, worldwide mobile traffi c alone will have in-
creased by 33 times compared to 2010 fi gures. In this time, 
Internet access will become dominated by wireless devices 
such as smartphones, tablets, machines and sensors, re-

quiring more effi cient 
and ubiquitous tech-
nology to carry the data 
traffi c.

METIS, 5GNOW, 
iJOIN, TROPIC, Mo-
bile Cloud Network-
ing, COMBO, MOTO 
and PHYLAWS are 
some of the new EU 
research projects that 
address the architec-
ture and functionality 
needs for 5G/beyond 
4G networks. Under 

this new initiative, the METIS project, in particular, gains 
a €16 million fresh EU investment.

EU industrial players joining forces with academia and 
research institutes involved in these projects span from 
worldwide leading telecom operators (British Telecom, 
Deutsche Telekom, France Telecom/Orange, Telecom 
Italia, Telefonica, Portugal Telecom), to the world’s major 
telecom manufacturers (Alcatel-Lucent, Ericsson, Nokia 
Siemens Networks, Thales Communications), the world’s 
leading provider of business software (SAP) and world-
renowned automotive manufacturers (BMW).

EDA Chooses Thales to Conduct Study on 
Military Communications

The European Defence Agency (EDA) has commis-
sioned Thales to conduct a study of the main terrestri-
al and satellite communication network programmes 

in European Union countries: FUCOM (for future com-
munications).

The FUCOM project will compile, in the area of mili-
tary communications, an inventory of the main member 
states’ existing and future assets, including military satellite 
communication systems, terrestrial tactical communica-
tions (software-defi ned radio), professional mobile radio 
(PMR) and LTE capabilities. On the basis of this inventory, 

Go to mwjournal.com for more international news items

and give recommendations for a future radio access net-

“I want 5G to 
be pioneered by 
European industry, 
based on European 
research and creating 
jobs in Europe – 
and we will put our 
money where our 
mouth is.”

To ensure 
interoperability in 

a context where few 
frequency bands are 

available, wireless 
communications 

need to be 
harmonised.
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work architecture providing optimised operations, higher 
effi ciency and enhanced performance. 

The Mobile Content Delivery Optimisation project will 
evaluate mobile network enhancements for the optimised 
delivery of content, while the objective of the Small Cells 
project is to defi ne scenarios, use cases, system architec-
ture and functional requirements for the fast and effi cient 
introduction and operations of Small Cells.

The main tasks for the global NGMN Partner project 
teams will be the defi nition of Operator driven require-
ments, the development of use cases and the assessment 
of technology options in the four areas. The outcome of 
these projects will give essential guidance for the success-
ful deployment, operations and further development of 
next generation mobile networks.

EIB Supports EADS Innovation 
Programmes

The European Investment Bank (EIB) and EADS have 
announced the signature of a €300 million fi nance 
contract in support of EADS Group’s innovation and 

R&D programmes. This loan refl ects the long-standing 
quality partnership that has formed between the EIB and 
EADS over the past ten years. It represents the second 
tranche of a fi rst agreement signed in August 2011, where-
by the EIB already made 
available €500 million to 
EADS. This new fi nance 
contract brings the total 
volume of the EIB sup-
port under this agree-
ment to €800 million. 

This is a fl agship fi -
nancing operation for 
the EIB, one of the fi rst 
major loans to fi nance 
innovation in Europe 
since the Member States 
unanimously decided to give the bank of the European 
Union the means to stimulate the economy by increasing 
its capital by €10 billion. This commitment so early in 2013 
enables the bank to step up its support for innovation and 
projects fostering growth and employment in Europe.

EIB vice president Philippe de Fontaine Vive welcomed 
the signature: “This fi rst major loan following the EIB’s capi-
tal increase demonstrates our priority commitment to inno-
vation and R&D in Europe. The bank aims to help develop a 
successful and competitive economy by focusing on leading-
edge technologies, which hold the key to the future in terms 
of sustainable economic development. This sector is also a 
source of employment for young people.”

Harald Wilhelm, chief fi nancial offi cer of EADS & Air-
bus commented, “Innovation and research are at the heart 
of EADS’ mission and essential to guarantee the long-term 
success of the group. The EIB is one of our privileged fi -
nance partners, which has been supporting EADS for sev-
eral years in developing ever innovative technologies.” 
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The emerging markets have been the major source 
of mobile subscription growth over the past decade, and 
will continue to outpace the developed countries over the 
next fi ve years. China and India will account for the bulk 
of emerging market subscriptions, but rapid growth is also 
expected in the Middle East and Africa. By the beginning 
of 2014 there will be more mobile connections than people 
in the world.

Asia-Pacifi c LTE Subscriptions Expected to 
Double to 72.1M by the End of 2013

In 4Q-2012, the LTE subscription in Asia-Pacific 
has increased by 60.92 percent quarter-on-quarter 
(QoQ), reaching 34.6 million. ABI Research expects 

that the LTE subscription market will continue to grow 
rapidly in 2013 to reach 72.1 million. 

“The operators in South Korea have aggressively pro-
moted LTE since launch. For example, SK Telecom, the 
largest operator in terms of subscriptions, had gained 7 
million LTE subscribers by the end of 2012, and aims to 
secure 13 million by the end of 2013, a feat that will mean 
50 percent of its subscribers will be on LTE,” said Marina 
Lu, research associate 
at ABI Research.

The Asia-Pacific 
4G cellular market 
still has consider-
able potential. In 4Q-
2012, Asia-Pacific had 
notched up 3.45 bil-
lion subscriptions, up 
8.7 percent year-on-
year (YoY), resulting 
in a cellular penetra-
tion of 87.5 percent. 
“The strong growth trend of mobile subscription is ex-
pected to keep up until 2015, where it will surpass 100 
percent,” stated Jake Saunders, VP and practice direc-
tor of core forecasting.

In terms of significant movers and shakers, China 
Unicom, the second largest mobile subscription opera-
tor in Asia-Pacific, has grown its mobile subscribers 22 
percent YoY compared to Q4-2011 to attain 239 million, 
making it the fastest growing operator in Asia. The next 
fastest growing operator was China Telecom, which in-
creased its subscriber base by 16.89 percent YoY, reach-
ing 160 million, fueled by 3G tariffs and smartphones. 
Smartphone penetration stood at 19.4 percent at the 
end of 2012, and is expected to approach 26.5 percent 
by year-end 2013. The third fastest growing (15.44 per-
cent) operator was Indonesia’s Telkomsel with 125 mil-
lion.

80% of Mobile Subscribers Will be in 
Developing Countries by 2017

Over the next fi ve years, the worldwide base of mobile 
subscriptions will rise to 8.9 billion, and four out of 
fi ve of these will be in developing countries. Accord-

ing to Worldwide Cellular User Forecasts, 2012-2017, the 
most recent forecast from Strategy Analytics’ Wireless Op-
erator Strategies (WOS) service, subscriptions in develop-
ing countries will grow at a compound annual rate of 7.5 
percent, substantially faster than the 2.8 percent growth 
that will be seen in developed countries. 

With worldwide mobile service revenue growth slow-
ing to about 2 percent per year through 2017, developing 

countries like Nigeria, 
where revenue is grow-
ing at twice that rate, 
can be very attractive 
markets to international 
players. Phil Kendall, 
director of WOS, notes 
that “the Middle East 
and Africa will generate 
an impressive 28 percent 

revenue growth between 2012 and 2017, confi rming its 
signifi cance to investors from outside the region such as 
Airtel, Orange and Vodafone.”

The developing countries are changing dramatically 
as markets for communications devices and services. For 
example, the African Development Bank estimates that 
in 2010, more than a third of Africa’s population – some 
350 million people – could be counted as middle class, up 
from 220 million in 2000. Although the levels of disposable 
income do not match those of developed countries, the 
emergence of a sizable group of economically stable con-
sumers creates an opportunity for communications suppli-
ers, according to Tom Elliott, director of Emerging Mar-
kets Consulting. “Of course there is still a lot of demand 
for basic products and services, but the growing middle 
class is starting to demand more extensive data services on 
a widening range of smartphones, high end feature phones 
and tablets.”

Go to mwjournal.com for more commercial market news items

“The strong 
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connections than 
people in the world.

Source: Strategy Analytics, Wireless Operator Strategies
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World Government Expenditures for Space 
Facing Short-Term Decline

A ccording to Euroconsult’s newly released research 
report, Government Space Markets: World Pros-
pects to 2022, government spending on space 

reached a peak in 2012 of $72.9 billion, a non-negligible 
increase compared to 2011 which followed two consecu-
tive years of minimal growth. This upswing is attributed to 
increased activity of countries such as Russia, China, India 
and new world or regional leaders who compensated for 
budget uncertainties affecting North America and Europe. 
Euroconsult expects global government expenditures on 
space to decrease due to fiscal policies exerting continuous 
pressure on public finances; improvement is not expected 
before 2015.

“As forecasted in the previous editions of this research 
report, global government spending in space has entered 
a deceleration phase,” said Steve Bochinger, COO at Eu-
roconsult. “2013 should mark for the first time in 12 years 
a global decrease in government funding for space pro-
grams.”

According to the research report, government space 
programs should be affected in the short term by an over-
all flat spending environment and decrease in global fund-
ing. The situation is expected to recover in the second part 
of the decade, driven by a cleaner public finance environ-
ment, a new procurement cycle and R&D in historical 
leading space nations, and sustained spending from new 
world/regional leaders and nascent programs. By 2022, 
global government fund-
ing for space activities 
are anticipated to pass 
the $77 billion mark.

The landscape for 
civil space activities has 
experienced profound 
structural changes in the 
last decade. In 2003, the 
top three civil space pro-
grams (U.S., Europe, Ja-
pan) accounted for 90 percent of world’s civil expenditures. 
In 2012, their share accounted for only 64 percent illustrat-
ing the “decentralization” of space investment worldwide.

Significant Launch Rate to Continue
Following a peak launch of 65 satellites in 2011, govern-

ments worldwide sustained a dynamic launch rate in 2012 
with 58 satellites for civil and defense applications, marking 
the second highest launch rate over the last decade. Between 
2003 and 2012, governments launched 514 satellites. A total 
of 744 satellites are planned to launch over the next decade.

“2013 should 
mark for the first 

time in 12 years a 
global decrease in 

government funding 
for space programs.”
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COLLABORATIONS
Defense and security company Saab has partnered with 
Tawazun, a strategic investment company focusing on de-
fense and strategic manufacturing, to create a new UAE-
based radar company. The new company is Abu Dhabi 
Advanced Radar Systems (ADARS), which is a joint ven-
ture where 51 percent is owned by Tawazun and 49 per-
cent by Saab. This will be the Middle East region’s fi rst 
company for the development, manufacture, assembly and 
integration of next generation radar systems. As part of the 
agreement, 15 UAE nationals will participate in a Master’s 
program in microwave and radar technology engineering 
in Sweden.

Thales Alenia Space and ISS Reshetnev have established 
a jointly-owned company that will initially focus on the 
production of equipment meeting the most demanding 
international standards for use on Russian telecommuni-
cations satellites. It will then work on the development of 
new products for satellites, enabling it to more completely 
address the requirements of both Russian and interna-
tional markets in the future, where ISS, in collaboration 
with Thales Alenia Space, has already won several busi-
ness opportunities. The new company, incorporated under 
Russian law and with ISS holding a majority stake, will be 
based in Krasnoyarsk, Russia. 

Raytheon Co. and General Atomics Aeronautical 
Systems Inc. (GA-ASI) are working together to develop 
a highly autonomous, unmanned electronic warfare ca-
pability based on equipping GA-ASI’s Predator®B/MQ-9 
Reaper Remotely Piloted Aircraft (RPA) with Raytheon’s 
Miniature Air Launched Decoy (MALD®). With the 
Ground Verifi cation Test phase completed November 
2012 at GA-ASI’s Gray Butte Flight Operations Facility 
in Palmdale, CA, integration of MALD on the aircraft is 
estimated to conclude in 2013. When employed, MALD 
confuses the target integrated air defense system and then 
kinetic weaponry is selectively employed to permanently 
disable IADS nodes.

Texas Instruments Inc. (TI) and Sub10 Systems an-
nounced their collaboration on a differentiated and future-
proof backhaul solution for small cell base stations. By us-
ing TI’s KeyStone-based TMS320C6678 multicore digital 
signal processors (DSP) in its new Liberator V100, Sub10 
Systems is able to more effectively and rapidly meet the 
operators’ challenges of improving resilience in hostile ra-
dio conditions.

Peregrine Semiconductor Corp. is collaborating with 
Intel on the latest generation of its popular DuNE™ tun-
ing technology offering for Intel’s LTE platform reference 
design. The tuning solution utilizes Peregrine’s third genera-
tion tuning products, which feature multidimensional tuning 
capabilities, for full coverage of the 41 available LTE bands.

Anaren Inc.’s Integrated Radio (AIR) module team is 
partnering with Austin, TX-based middleware developer 
Emmoco to create the AIR Support for BLE solution. The 
solution is scheduled for release in the spring/summer of 
2013. As is the case with all AIR modules, this latest model 
in the AIR product family is based on Texas Instruments 
technology, in this case TI’s C2541 SoC.

NEW STARTS 
Agilent Technologies Inc. announced that all new 
Agilent electronic test instruments sold will be covered by 
a “bumper-to-bumper” three-year repair warranty. The in-
crease from one year to three years is the result of ongoing 
quality initiatives that, from 2002 to 2012, yielded unprec-
edented improvements in product reliability and earned 
top marks in an independent customer survey rating RF 
and microwave product quality.

Hesse Mechatronics Inc. (formerly Hesse & Knipps), 
the Americas subsidiary of Hesse GmbH, announced the 
company’s recent name change from Hesse & Knipps Inc. 
to Hesse Mechatronics Inc. The name change is a move 
back to the company’s roots, named Hesse GmbH when 
fi rst launched in 1986. In addition, the new name signifi es 
more accurately what the company does: develop and man-
ufacture thin wire wedge bonders and heavy wire bonders 
utilizing mechatronics, a multidisciplinary engineering ap-
proach that combines mechanical, electrical, control and 
computer engineering.

ACHIEVEMENTS 
Lockheed Martin completed a successful demonstration 
at Camp Grayling, MI in which its Squad Mission Support 
System (SMSS™) was being controlled via satellite from 
more than 200 miles away. The SMSS vehicle conducted 
several battlefi eld surveillance operations while being 
controlled beyond line-of-sight via satellite from the U.S. 
Army’s Tank Automotive Research, Development and 
Engineering Center in Warren, MI.

Skyworks Solutions Inc.’s industry-leading silicon-on-in-
sulator (SOI) switching technology is now being utilized by 
European, Japanese, Korean and North American car man-
ufacturers for advanced infotainment systems. Specifi cally, 
Skyworks’ solid-state technology is enabling seamless low 
noise and broadband switching between audio, Blu-ray/
DVD, navigation, cell phone and vehicle security display 
inputs as well as a variety of other high bandwidth media 
sources in automobiles. 

Rosenberger has started operations in the company’s new 
EMC laboratory in Fridolfi ng, Germany. Centerpiece of 
the new EMC lab is an anechoic chamber for EMI emis-
sion measurements at the component level according to 

For up-to-date news briefs, visit mwjournal.com
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IIF satellites, three of which have 
been launched into service. 

ITT Exelis has been awarded a direct 
commercial contract valued at $11.6 mil-
lion to provide a wide range of communi-
cations equipment to an undisclosed in-
ternational customer. This sale includes 
SpearNet UHF radios in both vehicular-
mounted and soldier-wearable configu-
rations as well as ancillaries and spare 
parts for the SpearNet radio systems. 

Beam Communications Pty Ltd. 
has entered into an agreement with 
Beijing Marine Communications & 
Navigation Co. (MCN) for the sup-
ply of an initial $1 million of Beam 
Inmarsat marine satellite terminals. 
This initial order follows the successful 
trial and now acceptance of the Beam 
terminals after MCN committed in 
July 2012 to undertake a trial deploy-
ing 200 Beam Oceana 400 and Oceana 
800 marine communications terminals 
on fishing vessels in China, using the 
Inmarsat FleetPhone Service.

Ericsson has been contracted to 
deliver mobile backhaul to Polska 
Telefonia Cyfrowa S.A. (PTC), the 
operator arm of the T-Mobile brand in 
Poland. Ericsson will supply T-Mobile 
with its MINI-LINK SP packet ag-
gregation nodes, Ericsson SPO 1400 
Packet Optical Transport and IP 
Transport network management sys-
tem products. The company is also 
providing deployment, support and 
spare parts management services as 
part of the solution.

Thales Communications Inc. an-
nounced a new low rate initial pro-
duction (LRIP) contract for secure 
radios to support the U.S. Army’s Nett 
Warrior Program. The Nett Warrior 
Radio is capable of providing sol-
diers with access to the government’s 
classified networks at the Secret or 
Sensitive But Unclassified level. The 
radio is a lightweight, body worn unit 
that transmits voice and data simul-
taneously utilizing the Soldier Radio 
Waveform (SRW). It allows self-form-
ing, ad hoc, voice and data networks 
and enables any leader at the tactical 
level to track individual soldier posi-
tion location information. 

PeoPle
LadyBug Technologies announced 
the appointment of Orwill Hawkins 
as the company’s vice president of 

ContraCts
Boeing will continue modernizing 
the GPS satellite constellation for 
up to five more years, extending the 
company’s role in the vital military and 
civilian navigation network. The U.S. 
Air Force, which operates the GPS 
network, recently awarded Boeing a 
$51 million, one-year contract with 
four one-year options. The contract 
covers GPS IIF satellite shipment to 
the launch site in Florida, pre-launch 
preparation, post-launch checkout, 
handover and on-orbit support. The 
company is on contract for 12 GPS 

EN 55025 (CISPR 25) as well as EMI 
immunity measurements according to 
ISO 11452. A range of tests accompa-
nying development can be performed 
in the new EMC lab. Examples in-
clude signal integrity measurements 
on high-speed data connections, cou-
pling mechanisms within high-voltage 
systems or measurements of the far-
field radiation characteristics of active 
and passive RF components. 
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Les Besser, found-
er of Compact 
Software and 
Besser Associates, 
is among the latest 
contributors to a 
website dedicated 
to former Hewlett 
Packard employee  s Les Besser
memoirs. The two 

chapter installment covers Besser’s 
technical training and the birth of 
commercial microwave CAD and can 
be found at www.hpmemory.org/time-
line/company/memories_home.htm.

Radio Frequency Systems (RFS) an-
nounced the addition of Sal Betro as 
area vice president (AVP) of sales for 
North America. Betro, who most re-
cently served as executive director of 
sales at Alcatel-Lucent, brings more 
than 30 years of experience in the net-
work wireless space with particular ex-
pertise in the development and execu-
tion of sales strategies, new business 
development, and pipeline and sales 
cycle management. In his new role at 
RFS, Betro will provide critical sup-
port to the company’s valued custom-
ers during ongoing 4G data network 
build outs.

marketing. In his 
new position, 
Hawkins will hold 
responsibility for all 
of LadyBug’s mar-
keting and business 
development strat-
egies worldwide. 

 s Orwill Hawkins
Hawkins brings 

over three decades of management, 
marketing, engineering and manufac-
turing experience to his new position. 

RLC Electronics 
Inc. mourns the 
loss of its es-
teemed founder, 
Charles Alan 
Borck. Borck 
passed away sud-
denly on March 

 s Charles Alan Borck 1, 2013 at the age 
of 87. He gradu-

ated from RPI in 1946 with a degree 
in electrical engineering and has 
maintained a long relationship with 
the school ever since. His passion, 
entrepreneurial drive, technical ex-
pertise and humor will be deeply 
missed by the entire staff at RLC as 
well as all who knew him.  

Rep Appointments
Custom MMIC announced the ap-
pointments of Castle Microwave and 
SM Electronic Technologies as its 
technical sales representatives. Castle 
Microwave will represent Custom 
MMIC in the United Kingdom and 
SM Electronic will represent the 
company in India.

Richardson RFPD Inc. announced 
it has completed an agreement 
to distribute products from Lime 
Microsystems, an England-based 
manufacturer that specializes in 
field programmable RF transceivers. 
Under the agreement, Richardson 
RFPD will distribute Lime’s 
LMS6002D multi-band, multi-stan-
dard transceiver worldwide, with the 
exceptions of Korea and Taiwan.

Vaunix Technology Corp. has an-
nounced the hiring of a new sales 
representative, Amska Amerikanska 
Teleprodukter, to handle customer 
relationships in Sweden, Denmark, 
Norway and Finland.
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A Compact,  
Low Cost  
10 MHz to 40 GHz 
Amplifier Module
Applications, from instrumentation to electronic warfare to radio astronomy, 
require simple, low cost, broadband amplification. A commercially available 
bare chip distributed amplifier is hard to apply and purchasing a complete 
solution can be expensive. This article demonstrates a state-of-the-art monolithic 
integrated circuit (MIC) overmold on a laminate module that is easy to use and 
low cost. It covers a 12 octave continuous bandwidth, 10 MHz to 40 GHz, with 
13 dB gain, 50   I/O match and +20 dBm power output. The MIC module 
integrates the DC blocks and bias network. Additional pins allow access to a 
temperature compensated power detector and 20 dB of gain control. With the 
optional 2.4 mm connector application board, a user has an amplifier that covers 
that full band with only +5 V, 190 mA and –5 V applied.

Most commercial applications for RF 
and microwave have predetermined 
narrow frequency bands. However, 

in many military, industrial and scientific ap-
plications, the frequency of interest varies over 
a wide bandwidth. This includes such envi-
ronments as characterization, modeling, ra-

dio astronomy, radar detection, 
instrumentation and reliabil-
ity testing. Some applications 
require extreme bandwidths, 
since users not only look at a 
fundamental frequency, but also 
harmonics.

Numerous vendors provide 
narrow band ASICs for consum-
er and commercial applications. 
However, obtaining a simple 
broadband amplifier is challeng-
ing. If an off-the-shelf distrib-
uted MMIC amplifier is bought, 

the design of the bias, control and assembly can 
be difficult. If a complete solution is used, it 
can be very expensive. Presented in this article 
is an alternative approach with a MIC module 
solution that is easy to use, low cost and covers 
10 MHz to 40 GHz amplification.

The MIC module is housed in a 5  5 mm 
plastic on laminate construction that is compat-
ible with modern reflow and wash reliable. Typi-
cal usage is on a 28 mm application board with 
2.4 mm connectors and DC pins, as shown in 
Figure 1. A typical gain of 13 dB was measured 
on this module, while still maintaining a 50  
I/O impedance from 10 MHz to 40 GHz. The 
dynamic range was large, with the lowest noise 
figure at 2.8 dB and highest output power great-
er than +20 dBm. DC requirements are +5 V,  

Henrik Morkner and Alfred Riddle
M/A-COM Technology Solutions, Lowell, MA
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s Fig. 1  10 MHz to 40 GHz MIC module 
mounted on an application board.
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and resistors are hard to incorporate 
into a lead frame. Brazed leads on 
ceramic or LTCC substrates are too 
expensive. Driven by cell phone tech-
nology, it was discovered that recent 
advances in laminate low loss dielec-
tric materials allow the construction 
on a high performance substrate per-
fect for this application. The final re-
sult was a Rogers RO4003 two-layer 
0.2 mm laminate based PCB, with 0.2 
mm copper filled via grounds.

Mounted on the 
laminate substrate 
are SMD capacitors, 
resistors and induc-
tors. These SMD 
elements are used 
primarily for DC 
block, DC chokes 
and DC supply by-
pass. They are not 
integrated into the 
MMIC, since that is 
a very inefficient use 

of expensive real estate. Instead, many 
vendors’ SMD products were charac-
terized and de-embedded to 50 GHz, 
often beyond the vendors’ own speci-
fications. With an accurate library, a 
full module could be simulated and 
eventually built. This technique was 
critical for the design of a wide band 
bias tee. It was decided not to use the 
traditional conical inductor due to 
its cost, size and reliability. Instead, 
an SMD 0402 replacement was used 
that was not only lower in cost, but 
had better performance. Switching to 
an SMD also allows plastic over mold 
of the laminate, further reducing cost 
and improving manufacturability.

The net result is the efficient mod-
ule shown in Figure 3. The correct 
cost/performance balance between 
SMD components and integration is 
achieved. The laminate allows the top 
metal to be patterned for optimal per-
formance. The standard SMD sizes 
and construction allow assembly, us-
ing high volume techniques. In the 
final step, the entire module is over 
molded with a low loss mold com-
pound and technique that ensures 
wide bandwidth without compromise 
of reliability or quality.

OperatiOn
The MIC module is configured 

with RF I/O signals on two sides and DC 
I/O on the other two sides. A top view 
configuration is shown in Figure 4.

–5 V and 190 mA. The MIC module 
also integrates gain trim control and 
power detector.

MMiC Design
At the core of the MIC module 

is the same basic 0.15 micron gate 
PHEMT distributed amplifier found 
in many optical and catalog products 
as shown in Figure 2. A nine section 
construction has constant impedance 
inter-sections transmission lines and 
cascode stacked FETs. It has inte-
grated simple bias networks and ESD 
protection. Unique to the MMIC is a 
temperature compensated power de-
tector. It is integrated into the “termi-
nation” load on the distributed ampli-
fier, in order to not disrupt the inher-
ent bandwidth of the traveling wave. 
The amplifier also utilizes a cascode 
stage element that allows an RF iso-
lated DC control pin for effective gain 
control. The I/O match is largely not 
affected over gain control range, due 
to the excellent isolation available in a 
cascode. The resulting MMIC is very 
process and temperature tolerant, 
making an excellent base for a com-
plete module.

MODule Design
In order to increase performance 

and lower cost, the design approach 
for the MIC module was holistic in 
nature. Ultra-low cost plastic QFN 
was not an option, since series ele-
ments, such as DC blocks, bias choke 

s Fig. 2  A GaAs distributed amplifier 
MMIC is the heart of the module.

s Fig. 3  MIC module top and bottom.
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The VD pin was bypassed with at 
least 0.1 µF for stability. For opera-
tion below 100 MHz, a ferrite bead 
(Murata BLM18BB471) was inserted 
between the VD pin and the bypass 
capacitor. The VG and VC pins were 
also bypassed with a 0.1 µF capacitor, 
if operating below 100 MHz.

The VDET pin is typically left un-
connected, unless a voltage reference 
was desired that is correlated to the 
output power. The detector is inter-
nally connected so that it responds 
predominately to the power generat-
ed by the amplifi er. The detector had 
a low pass characteristic, which rolls 
off gradually above 2 GHz. The de-
tector is temperature compensated so 
no reference is needed. Finally, even 
with zero output power, the detector 
had a DC output voltage proportional 
to VD (nominally 2.8 V for VD = 5 V).

The BC pin is typically left uncon-
nected, unless gain bandwidth and 
shape change are desired. This article 
will not go into these details, due to 
space limitation. The input and out-
put pins are internally DC blocked. 
It was found that not more than 
±12 V should ever be present on these 
RF only pins. The backside paddle of 
the MIC module was connected to 
ground with as many vias as possible 
to maximize high frequency perfor-
mance, thermal dissipation and stabil-
ity. Typical applications would use the 
MIC module as a broadband ampli-
fi er. In that case, the 5 � 5 mm MIC 
module would be placed between 
50 � lines and only the VD (+5 V) and 
VE (–5 V) need be applied.

MEASURED RESULTS
An application board was used for 

measurements. This board was also 
found to be very useful for customer 
evaluation or even laboratory or indus-
trial applications. For measurement, 
the MIC module was soldered onto a 
4-layer, 28 × 25 mm laminate applica-
tion board. Also included on the board 
are DC supply bypass capacitors and 
a DC pin. A ferrite bead was placed 
in the VD supply line and this allows 
operation down to 10 MHz.

Typical measurements were made 
by directly probing the board with 
400 µ GSG probes. Alternatively, 
Southwest 2.4 mm (DC to 50 GHz) 
cable adapters were attached to the 
board. Figure 5 demonstrates a 13 
dB typical gain over 40 GHz of 3 dB 

The pins are designated as:
1.  RF IN = input (internally DC 

blocked) 50 V
2.  VE = negative supply (–5 V). Typi-

cally draws less 1 mA and should 
be left open if using the VG gate 
override pin

3. NC not used (should be grounded)
4.  VG = optional gate override pin for 

active current control, typical value 
is about –0.5 V and should be left 
open if using VE (–5 V)

5.  RF OUT = output (internally DC 
blocked) 50 V

6.  VD = positive supply (+5 V, 250 mA 
maximum). Can also be adjusted to 
as low as +3 V to tune bandwidth 
and power

7.  BC = optional bias tuning. Typi-
cally left open, but can be used to 
smooth gain through the bias tee

8.  VDET = optional power detector 
output. Produces a DC voltage that 
corresponds to RF output power. 
Ranges from +2.7 (–5 dBm) to +3.8 
V (+20 dBm)

9.  VC = optional gain control. This is 
normally left open for maximum 
gain, can be varied from 0 to –1 V, 
10 mA
For proper operation, a DC volt-

age is applied at the VE (–5 V) and VD 
(+5 V) pins in that order. The optional 
VG pin was used to override the auto-
matic VE bias network to hard set the 
gate. Adjusting VG from –0.2 to –0.6 V 
changes the quiescent current. When 
VG is used, the VE was left unconnected.

The VC pin was left unconnected, 
unless gain control or output power 
limiting was desired. When used, the 
gain reduction was almost linear, with 
VC between 0.1 to –0.8 V. The VC 
pin was driven below –1 V or above 
1.2 V, due to internal ESD protection 
that kicks in. The nominal open circuit 
voltage at the VC pin was 0.8 V. Re-
ducing VC below 0.8 V also reduced 
Id, gain, P1dB and Psat.

 Fig. 4  MIC module pin designations.
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Model BME2969-200

POWER UP!
Soar with the highest power density  

solid state RF amplifiers available.

Figure 8 shows the application board 
performance with 2.4 mm connector 
and demonstrates over 12 dB gain, –12 
dB return loss and over 25 dB isolation 
(K is >1). Figure 9 shows the gain con-
trol available with the optional VC pin 
and Figure 10 shows the typical power 
detector output over –40° to +85°C at 
2 GHz. Figure 11 shows the low fre-
quency performance, using the appli-
cation board and ferrite bead. Figure 
12 demonstrates little gain change 
over temperature, –40° to +85°C.

CONCLUSION
Many applications require extreme-

ly broad bandwidth amplifi ers. While 

the band and Figure 7 shows a typical 
noise fi gure less than 6 dB across band. 

bandwidth. Figure 6 shows nearly 20 
dBm saturated power over most of 

 Fig. 5  MIC module typical gain.
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good low cost optical driver capable of 
delivering to 8 V p-p into 50 V.
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tra-broadband, bias choke, DC block-
ing and bypass capacitors. Some other 
features include: a gate bias adjust pin 
to change current setting for power or 
temperature; a gain trim control pin 
that allows 15 dB of gain control and 
a temperature compensated detector 
pin that provides a DC voltage in rela-
tion to output power.

The MIC module in this article has 
demonstrated enough gain, power and 
low enough noise figure to be used in 
instrumentation front ends and buffer 
applications. It also has very flat re-
sponse with low group delay distortion 
so it can be used in pulse applications. 
For higher gains, multiple amplifiers 
may be cascaded. It also makes a very 

several vendors sell chip distributed 
amplifiers, assembly and bias for these 
in an application can be difficult. Com-
plete solutions can be very expensive. 
This article has demonstrated a mono-
lithic integrated circuit on laminate 
and overmold construction. It is low 
cost and easy to use for applications re-
quiring 10 MHz to 40 GHz bandwidth 
or less. Measured performance shows 
13 dB typical gain and +20 dBm of 
output power. Matching is 50 V with 
typical return loss better than 15 dB. 
It requires dual DC supplies: 5 V (190 
mA typical) and –5 V (< 1 mA).

The MIC module pushes SMD 
technology by using an integrated, ul-

s Fig. 11  Low frequency gain and return loss.
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Digital Baseband 
Tuning Technique 
Speeds Up Testing

With the increasing demand for smart-
phones and tablets in the world and 
the growing need for high data rates, 

wireless semiconductor manufacturers are ex-
posed to the convergence of multiple market 
and technology forces, pressing them to look 
for new architectures and technology innova-
tions in their RF components test environ-
ments.
•	  The fragmentation of frequency ranges, 

combined with the increasing number of 
modulation schemes and RF paths, creates 
an exponential growth of test scenarios. Up 
to 1 million tests may be required during 
the characterization phase of latest genera-
tion RF components.

•	  Component test time needs to be reduced 
to minimize supply response time, match 
market windows and keep competitive price 
points.

•	  Wider bandwidths, such as 160 MHz for the 
new WLAN 802.11ac standard, are driven 

by the need for higher data rates. These new 
standards are expanding the test stations 
requirements and challenging calibration 
techniques.
One of the key instruments in a wireless 

test station is the Vector Signal Generator 
(VSG). This equipment will generate either 
ideal or complex real world signals to test the 
performance of RF components under a large 
number of test scenarios. To increase the test 
speed, the VSG must quickly change stimulus 
parameters, such as signal frequency, power 
and waveforms. VSG architectures have been 
improved over the years, but the traditional 
analog frequency and amplitude tuning speeds 
are optimized to a point where any speed in-

Bill Anklam, Victor Grothen 
and Doug Olney
Agilent Technologies, Santa Clara, CA
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of the test process is often limited by 
the mobile device itself. Test response 
time for a mobile device is typically 
measured in milliseconds.

At the board level, testing is per-
formed at all frequencies and power 
levels. Due to the huge number of 
tests, the key components are set into 
a special test mode which sequences 
through the entire test with a 5 ms 
step (typical) between data collection 
points. For the VSG, it must be able 
to stay in step with this sequence rate. 
Latest generation VSGs, when used 
in list mode, have analog RF tuning 
speed around 220 µs and can stay 
synchronized with the DUT’s test se-
quence.

The ultimate speed challenge oc-
curs at the component level of the 
wireless food chain. There are several 
key RF components that require per-
formance testing of each device: pow-
er amplifiers, transceivers, front-end 
modules (FEM), and often a system 
on chip (SoC) for WLAN/Bluetooth/
RF tuner. Testing these components 
will require the test instrumentation 
and VSG to work at the highest pos-
sible speed.

One example of a time consuming 
test sequence is the power loop test 
scenario. Performance measurements 
of a power amplifier or front-end 
module are normally made at a spe-
cific output level of the DUT. Since 
all devices have variations in gain, it 
is necessary to run multiple iterations 
of the input power level to reach the 
desired output level. Getting the loop 
to quickly converge requires very high 
switching speed and excellent linear-
ity and repeatability of the VSG. Only 
after the DUT output level is set at 
the correct value can the specified 
parameters be tested. Reducing the 
number of iterations while accelerat-
ing the switching time between each 
iteration has a significant impact on 
the test speed.

MaxiMizing analog RF 
Tuning SpeedS

Latest generation PXI VSGs offer 
analog RF tuning at speeds as fast as 
220 µs in list mode for both amplitude 
and frequency changes. There are 
two important mechanisms that limit 
speed within a VSG: the frequency 
synthesizer and the amplitude level-
ing control (see Figure 1).

device TypeS and TeST Speed 
RequiReMenTS

Production and pre-production 
testing are the most demanding en-
vironments for high speed testing. 
When thinking about mobile devices, 
there are three major testing periods 
in the production food chain: assem-
bled mobile device, RF boards and 
RF components.

During production testing of the 
assembled mobile device, the speed 

crease may be achieved at the expense 
of signal quality.

An innovative tuning technique, 
enabled by digital baseband process-
ing technology, helps break the speed 
barrier without compromise on the 
signal quality within latest generation 
VSGs. This article discusses the typi-
cal limitations of RF tuning, the theo-
ry behind digital baseband tuning, its 
advantages and how it can be used to 
accelerate RF component test.
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The frequency synthesizer has an 
output frequency whose accuracy is 
directly related to the 10 MHz refer-
ence. The phase-lock-loop that com-
pares these two signals and optimizes 
the phase noise typically has a settling 
time of a millisecond. Over the years, 
a number of proprietary techniques 
have been established to minimize 
the PLL settling time for frequency 

changes and reach hundreds of micro-
seconds frequency switching time.

A VSG includes many active com-
ponents that are temperature sensi-
tive. The amplitude leveling control 
(ALC) is a real-time loop that moni-
tors the output level and maintains 
a constant output level. There are a 
number of techniques to optimize the 
ALC settling time after changing am-

plitude or frequen-
cy. In addition, a full 
featured VSG will 
typically offer mul-
tiple modes includ-
ing ALC On, ALC 
Off and ALC hold 
modes so the ALC 
can be turned off 
to achieve the fast-
est speeds. A typical 
optimized source 
can settle within 0.2 
dB in about 500 µs.

Optimizing tun-
ing speeds and sig-
nal quality is where 
test equipment ven-
dors have invested 
a lot of IP over the 
years. An architec-
tural advancement 
was needed to dra-
matically improve 
the VSG’s measure-
ment speed with-
out compromising 
the signal quality 
required by today’s 
wireless standards.

IntroducIng dIgItal 
BaseBand tunIng

Digital baseband tuning techniques 
offer the ability to digitally shift both 
the frequency and amplitude levels of 
the signal within the VSG’s available 
modulation bandwidth without the 
need to retune the synthesizer (see 
Figure 2). As new generation VSGs 
offer larger modulation Bandwidths, 
the digital baseband allows wider fre-
quency shifts.

The maximum frequency shift is 
dependent on the modulation band-
width of the VSG. For example, 
within a 160 MHz bandwidth, this 
technique enables frequency shifts to 
be achieved in 10 µs, an order of mag-
nitude faster than analog tuning tech-
niques. The same speed also applies to 
any level change within typically a 20 
dB range. Of course the actual signal 
bandwidth has to be considered with-
in this tuning range. For example, a 5 
MHz WCDMA signal can have a 155 
MHz of frequency offset range. An 
80 MHz 802.11ac signal can only be 
offset ±40 MHz. To take advantage of 
the 10 µs switching speeds, test plans 
should perform all tests within the 
VSG’s bandwidth range first, prior to 
taking larger frequency or amplitude 
steps. These larger steps outside of 
the VSG’s bandwidth require 220 µs. 
Then a new VSG bandwidth tuning 
window is available with 10 µs switch-
ing (see Figure 3).

These extremely fast performance 
improvements are enabled by propri-
etary ASICs. The ASIC includes sev-
eral important processing functions 
inside the VSG’s modulator module 
including:
•	 Real-time numerical controller os-

cillator for frequency offset
•	 Real-time multiplier for amplitude 

offset
•	 Real-time signal correction, based 

on fully characterized RF and IF 
path
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s Fig. 1  Traditional VSG architectures utilize two important loops 
to ensure accurate frequency (a) and amplitude (b) levels.

COMPUTER
INPUT N = 12.3

FRACTIONAL NUMBERS ALLOWED

10 MHz

�

10 MHz

PHASE
COMPARATOR

MULTIPLY
×1,

×2, ×3 RF
OUTPUTVCOLOW-PASS

FILTER
& AMPLIFIER

REFERENCE
SECTION

INPUT
(a)

(b)

FROM VCO/
MODULATOR

RF
OUTPUT

POWER
AMPLIFIER

ALC
VOLTAGE-

CONTROLLED
ATTENUATOR

ALC
DRIVER

AMPLIFIER

ALC
DETECTOR

RESISTIVE
VOLTAGE
DIVIDER

OUTPUT
LEVEL

ATTENUATOR

FRAC-N
123 MHz

123 MHz

s Fig. 2  Digital baseband tuning changes the frequency and amplitude level digitally within 
the specified bandwidth of the VSG.
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How tHe Frequency 
and amplitude level are 
cHanged digitally

For frequency changes that occur 
within the baseband tuning band-
width, let’s examine what is occurring 
inside the processing chain that en-
ables the digital frequency shift. As-
sume that a sampled complex wave-
form, s(nT), is stored in memory on 
the VSG. It will be processed, sent to 
the DACs, and then upconverted to 
the desired center frequency by the 
IQ modulator.

In the time domain, the sampled 
waveform is multiplied by the numer-
ically controlled oscillator’s (NCO) 
complex sinusoid:

A s nT

cos 2 f nT jsin 2 f nT (1)1 1( ) ( )
( )• •

π + π⎡⎣ ⎤⎦

The scaling factor, A, allows the 
amplitude level to be adjusted.

Multiplication by a complex sinu-
soid in time domain is equivalent to 
convolution in the frequency domain 
with the impulse function d(f):

( )( )⊗ δS f f (2)1

This results in a frequency shift of 
the original signal’s spectrum:

( )+S f f (3)1

Figure 4 shows an example of 
this process using a 5 MHz wide 
WCDMA waveform which is shifted 
up in frequency by 10 MHz. When this 
process is done in the analog world, 
special filtering is required to eliminate 
unwanted sum and difference terms 
that are generated in the process. 
When frequencies are shifted in the 
digital world, there are no negative fre-
quencies or other error terms generat-
ed. Therefore, the mathematical ideal 

s Fig. 4  The input waveform S(f) is convoluted with the digitally created shift frequency, S(f1), to produce very fast, accurate frequency and level 
changes, S(f + f1).
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frequency shift does not require any 
filtering. To digitally shift frequencies, 
all that is needed is a sine lookup table, 
a cosine lookup table, and a complex 
multiplication algorithm. This process 
occurs in real-time in the ASIC across 
the 160 MHz baseband tuning range. 
In Figure 4, a few low level spurs in 
the resulting signal may be seen. These 
are residual errors from the analog IQ 
modulator that include signal images 
and carrier feed through.

Real-Time CoRReCTions
Narrow bandwidth VSGs (< 40 

MHz) have been able to use single 
values for correcting quadrature and 
gain imbalance across the tuning 
bandwidth. When the tuning ranges 
extend to 160 MHz, a more thorough 
real-time correction process is re-
quired to meet the linearity needs of 
today’s higher data rates.

The optimal way to maintain high-
est signal quality is to include a cor-
rection filter using 2×2 matrix taps 
that offers full magnitude and phase 
correction across the entire 160 MHz 
tuning band (see Figure 5). The en-
tire IF and RF path of each VSG must 
be completely characterized during 
manufacturing calibration, and the re-
sulting complex data are stored in the 
modulator and RF output module’s 
flash memory. This data is used during 
runtime to construct and load a new 
160 MHz wide complex correction fil-
ter whenever the RF center frequency 

s Fig. 5  Test engineers input their desired waveforms and the VSG’s real-time correction capa-
bility ensures both amplitude and phase linearity.
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C

s Fig. 6  Digital baseband tuning enables 
accurate linearity across a 20 dB leveling 
range. The speed improvement of 10 µs vs. 
250 µs for RF power leveling offer only a 
very small degradation in linearity.
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ConClusion
With billions of components going 

into mobile wireless devices, reduc-
ing test times can have a major cost 
benefit. As device data rates continue 
to increase, reducing test times while 
maintaining signal quality adds new 
test station challenges.

Digital baseband tuning intro-
duces a new VSG architecture that 
is dramatically faster than traditional 
RF tuning techniques. Signal quality 
is maintained due to new real-time 
matrix correction techniques that are 
applied across the entire 160 MHz 
tuning bandwidth. This results in ex-
cellent amplitude and phase linearity 
to assure the signal quality required 
by increasingly demanding wireless 
standards. ■

at multiple frequencies across the 
band and the baseband power level 
is adjusted servoing the DUT out-
put level to the correct value. Better 
linearity, repeatability and resolu-
tion further reduce the test time by 
enabling the servo loop to converge 
in fewer steps. Figure 6 shows the 
measured linearity of the M9381A 
over a 20 dB range from +10 to –10 
dBm, using both the baseband and 
RF level adjustments.

or RF attenuator state changes. This 
provides exceptional magnitude and 
phase corrections up to the RF output 
(see Figures 6 and 7).

To take advantage of digital 
baseband tuning for power ampli-
fier testing, engineers can set the 
RF frequency to the center of the 
band being tested and the RF power 
level to the maximum required for 
all tests. From there, baseband fre-
quency adjustments are made to test 

s Fig. 7  Wider tuning bandwidths require 
full matrix real-time corrections to achieve 
accurate linearity.
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Verifying Very-
Near-Field Antenna 
Measurements: 
Algorithm Evaluation

In this article, it is demonstrated that ac-
curate antenna far-field predictions can be 
made from very-near-field measurements. 

The results obtained from near-to-far field al-
gorithms, which are based on the plane wave 
spectrum approach, accurately correlate with 
full-wave simulated and anechoic chamber 
measured far-field results. By comparing the 
results between measurements obtained at a 
distance of 25 mm with those obtained at 80 
mm, the advantages of measurements taken at 
extremely close distances are demonstrated. 
The far-field results predicted from the very-
near-field measurements taken using a scan-
ning instrument are compared with the results 
obtained from a conventional anechoic cham-
ber. This research establishes that antenna 
measurements taken at very-near-field provide 
valid far-field results. Compared with tradi-
tional planar near-field methods, the very-near-
field measurement technique has a wider angle 
of coverage and makes a small-area scanning 
plane possible, which reduces the size and cost 
of the instrument and also makes the measure-
ment much faster.

The far-field radiation pattern is conven-
tionally characterized by measuring the re-
ceived amplitude and phase in a far-field re-

gion (where a perfect plane wave field is ex-
pected) by mechanically rotating the antenna 
under test (AUT) about the relevant coordi-
nate. Usually, it is done in an anechoic cham-
ber that is large and expensive and can take a 
long time due to mechanical constraints. An 
alternative to the far-field measurement is to 
measure the antenna in the near-field region. A 
near-field measurement system was first built 
in 1950 by Barrett and Barnes of the Air Force 
Cambridge Research Center.1 Most of the cur-
rent near-field measurement instruments are 
based on the near-field measured in the radiat-
ing near-field region. This requirement means 
the size of the scanning surface and hence the 
overall systems can still be quite large, even 
though they are smaller than far-field systems. 
In this article, a description is made of a very-
near field measurement technique that allows 
the scanning system to be compact and por-
table and allows measurements to be made in 
seconds without any mechanical movement of 
sensors.

Measuring antenna performance in the 
very-near-field had previously been avoided, 

Ruska Patton and Ning Yang
EMSCAN Corp., Calgary, Canada
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pling effect and making it predictable. 
The approach chosen for this imple-
mentation was to have a static array of 
probes. The advantage of this approach 
is that for all measurement probe loca-
tions, the coupling is exactly the same. 
A secondary advantage of the array of 
probes used for these measurements 
is that there is no mechanical move-
ment and therefore measurement of 
the very-near-field data can be done 
incredibly quickly. Even with this ap-
proach, there is no single solution to 
the coupling problem, since it is de-
pendent on the AUT and the measure-
ment probes, but a reasonable approxi-
mation of the effect can be made for 
unknown antennas.

The implementation of this ap-
proach is to measure the magnetic 
field (H-field) with the probe cou-
pling effects and project this data 
to the far-field using the planar ap-
erture distribution to angular spec-
trum transformation or plane wave 
spectrum (PWS) transformation.4,5 A 
second custom algorithm then adjusts 
the far-field projection to eliminate 
the predictable coupling effects of the 
measurement array. This leaves some 
small but unpredictable error that is 
dependent on the form of the AUT.

Validating the Very-near to 
Far-Field algorithm

The first step is to verify that the 
implemented PWS transformation 
is accurate. This was done by gener-
ating ideal field values, which could 
be those generated in the very-near-
field of an antenna, applying the PWS 
transformation to the ideal field val-
ues to get projected far-field results 
and comparing these far-field pattern 
shapes to theoretical results from the 
same ideal distributions.

Y-Polarization with a Uniform Very-
Near-Field

A uniform H-field distribu-
tion is used in this test. Field values 
are generated over an aperture of  
16  24 cm with samples every 1 cm, 
creating a measurement array totaling  
16  24. These values were chosen 
to match the implemented very-near-
field measurement system that will be 
discussed later. Amplitudes for these 
measurements were set to 1 A/m uni-
formly and all phases are set to zero 
degrees for simulating the broadside 
radiating aperture. The polarization 

d < λ/2 π for small radiators.3 Although 
it is normally assumed that measure-
ments cannot be done in the reactive 
region, there is nothing in the near 
field transformation that limits the 
distance to the measurement plane.3-7

The very-near-field measurements, 
described here, are taken so close that 
coupling between the AUT and the 
measurement probes cannot be avoid-
ed. An important part of the measure-
ment process is minimizing this cou-

due to the fact that the sensors can in-
fluence the performance of the AUT.2
Although not formally defined, the 
very-near-field is described here as 
being much closer to the sensors than 
traditional near-field measurements. 
Most of the measurements presented 
in this article were taken at a distance 
of 25 mm from the AUT. Depending 
on the frequency, this distance can 
even range into the reactive region 
which is mathematically defined as 
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pared in Figure 2.
Again there is very good corre-

lation between the theoretical and 
projected far field results. The same 
variation where Phi = 0° plane can be 
seen, where the size of the scanner 
limits the accuracy to approximately 
±60° from 0°, while the results for 
Phi = 90° show a perfect match.

Comparison of 25 and 80 
mm measurements projeCted 
to the far-field

In this section, the PWS transfor-
mation is applied to ideal very-near-
field values that are generated from 
a simulated radiating structure. The 
chosen structure is a patch antenna at 
1.8 GHz, radiating in free space. This 
antenna is shown in Figure 3. The 

is in the Y-axis or along Phi = 90°. 
The near-field measurements were 
implanted into the code of the very-
near-field measurement system and 
the predicted far-field radiation pat-
terns at the two main planes (Phi = 0° 
and Phi = 90°) are compared with the 
theoretical results shown in Figure 1. 
For the pattern where Phi = 0° plane, 
the size of the scanner limits the accu-
racy to approximately ± 60° from 0°, 
while for the pattern where Phi = 90° 
shows an almost perfect match at all 
angles.

Y-Polarized Beam-Steered Very-
Near-Field

The data is again a 2D array of 
16  24, with the same size aperture 
described previously. The amplitudes 
are set to 1 A/m uniformly and phas-
es are set to have a 10.8° progressive 
phase shift (in the Y direction) to ob-
tain the 21° maximum radiation. The 
radiation patterns obtained from the-
oretical analysis and the implemented 
very-near-field instrument are com-

s Fig. 3  Diagram of the 1.8 GHz radiating 
patch antenna.

s Fig. 1  Comparison of theoretical and 
implemented very-near-field scanned radia-
tion patterns evaluated at 2.5 GHz: (a)  = 0° 
plane and (b)  = 90° plane.
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to measure the performance of a cir-
cularly polarized antenna. The very-
near-fi eld measurement system is able 
to indicate rotation direction (right-
handed or left-handed), plot both 
right-handed and left-handed circular 
polarization patterns and provide the 
axial ratio at all angles.

The results, shown in Figure 6, 
show good correlation both for the 
right hand pattern and for the left 
hand pattern. The patterns generated 
by the implemented very-near-fi eld 
system are labeled RFxpert. For the 
low level left hand patterns, two mea-

directivity projected from the 25 mm 
very-near-fi eld scan is 6.0 dBi, which 
compares very closely to the simulat-
ed directivity of 5.7 dBi. The 80 mm 
scan projected a directivity of 7.8 dBi.

COMPARISON OF PATCH 
ANTENNA MEASUREMENTS: 
SIMULATED, VERY-NEAR-FIELD 
AND CHAMBER RESULTS

The patterns shown in the previ-
ous two sections were produced with 
ideal very-near-fi eld data generated 
through full-wave simulations. In this 
section, the results are produced from 
a fully implemented very-near-fi eld 
measurement system. The array of 
probes is present for the measure-
ment of the fi eld values. The probes 
are linearly polarized loops that are 
arranged in two polarizations on the 
planar surface.

The antenna chosen for testing in 
this section is a circularly polarized 
patch shown in Figure 5. The patch 
antenna was set up to be right hand 
polarized for the tests. The results 
show that linearly polarized very-
near-fi eld measurements can be used 

radiating patch on the top is 44 � 36 
mm and the maximum dimension of 
the ground plane backing the patch is 
110 mm.

After a full-wave simulation, the 
H-fi eld is sampled at a distance of 80 
and 25 mm. In both cases, the sam-
pling area is the same 16 � 24 array 
described earlier. The values gener-
ated at 25 mm are within the reactive 
region and those at 80 mm should 
be outside the reactive region. The 
simulated data is imported into the 
very-near-fi eld measurement system’s 
software to predict the far-fi eld radia-
tion patterns and compared with the 
results from the full-wave simulation 
(see Figure 4).

Not only do the far-fi eld results 
projected from the 25 mm very-near-
fi eld scan correlate well with simu-
lated results, they are much closer to 
the simulated results than the 80 mm 
scan. This result is due to the fact that 
the 25 mm scan has a wider angle of 
coverage than the same size scan area 
at 80 mm. As a result, the 25 mm scan 
can produce excellent pattern accu-
racy, with a very small scan area. The 

 Fig. 4  Far-fi eld patterns projected from 
very-near-fi eld scans (a) �  = 0° plane, very 
near-fi eld measured at 80 mm, (b) � = 0° 
plane, very-near-fi eld measured at 25 mm.
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signals in the presence of large ones. And 
achieve the best probability of intercepting 
signals – all with the real-time PXA signal 
analyzer. Go after the most elusive signal 
and know you’ve got it.

Real-Time Spectrum Analyzer
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  160 MHz BW across 50 GHz frequency range
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BeRex, Inc. 1735 North 1st St. #302 San Jose, CA 95112 (408) 452-5595

Power 
pHEMT

Gate
(µm)

FREQ.
(GHz)

Idss
(mA)

G1dB
(dB)

P1dB
(dBm)

PAE
(%)

BCP020T* 0.25x200 1 - 26.5 65 17.7 24 60

BCP030T* 0.25x300 1 - 26.5 95 15.6 25.5 65

BCP040T 0.25x400 1 - 26.5 120 14.0 26 65

BCP060T* 0.25x600 1 - 26.5 180 12.0 28.0 60

BCP060T2 0.25x600 1 - 26.5 180 12.0 29.0 65

BCP080T* 0.25x800 1 - 26.5 240 10.5 30.0 60

BCP080T2 0.25x800 1 - 26.5 240 11.5 30.0 65

BCP120T 0.25x1200 1 - 26.5 350 11.0 32.0 60

BCP160T 0.25x1600 1 - 26.5 500 10.5 33.0 60

BCP240T 0.25x2400 1 - 26.5 700 10.0 34.5 55
Power pHEMT specifications are typical at 12 GHz with Vds = 8V

BeRex, Your One-Stop Source 
for pHEMT Power & LNA Devices

Ultra
LNA

Gate
(µm)

FREQ.
(GHz)

NF
(dB)

Ga
(dB)

Ids
(mA)

Vds
(V)

BCL016B 0.15x160 1 - 40 0.4 13.5 10 2

  

 All above devices are available as bare-die.
* indicates parts also available in a standard 70 mil SMT ceramic package

BEREX

  Reliability you can depend on
  Excellent performance (Gain, Power & PAE) 
  Proven in commercial & military applications

LNA specifications are typical at 12 GHz  with Ids = 10mA; Vds = 2V

  
       BeRex also offers a broad line of GaAs and  

SiGe HBT gain blocks, amplifiers, dividers, 
and switches for RF applications.   

Visit www.berex.com

the AUT and is labeled ‘Uncorrected’ 
here. The second set of results has 
been corrected for variations that are 
device-specifi c and can only be deter-
mined after some measurements have 
been collected.

These results confi rm that mea-
surements, made in the very-near-
fi eld, can be used to predict TRP when 
corrected for predictable coupling 
effects. Over this large data set, the 
difference is less than ±1.5 dB. The 
results also show that improvements 
to the generic coupling compensation 
can be made with knowledge of a de-
vice-specifi c coupling factor. With this 
added compensation, a very strong 
positive correlation can be seen.

CONCLUSION
Measurements, obtained by scan-

ning antennas in the very-near-fi eld 
and using this data to generate far-fi eld 
projections, demonstrate close correla-
tions with patterns and direct measure-
ment parameters obtained in anechoic 
chambers. It was confi rmed that the 
implementation of the algorithm is 
accurate and then that very-near-fi eld 

lute values for other parameters such 
as total radiated power (TRP). This is 
demonstrated in Figures 7 and 8.

The results shown are a collection 
of data from a very-near-fi eld mea-
surement system in a commercial en-
vironment. This system was used to 
measure a batch of same model mo-
bile devices. The two sets of results 
shown here are with the generic com-
pensation for coupling effects. This 
is the one that has no knowledge of 

sured results detect a small null that 
appears around 340°, while the simu-
lation results miss this.

COMMERCIAL RESULTS 
COMPARING VERY-NEAR-
FIELD SCANS WITH CHAMBER 
MEASUREMENTS

The results presented thus far have 
all related to far-fi eld patterns. In 
addition to patterns, very-near-fi eld 
measurements can also generate abso-

 Fig. 6  Simulated and measured radiation 
patterns for the circularly polarized patch 
antenna (a) � = 0° plane and (b) � = 90° 
plane.
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Your question: 
What does the 
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at 4 GHz bandwidth?
Our answer: The best precision and acquisition rate in its class.
The new ¸RTO model is a powerful solution for developing digital, 
analog and RF designs. The extremely low-noise frontend offers the full 
measurement bandwidth of 4 GHz even at the smallest scaling (1 mV/div). 
The dynamic range (ENOB > 7 bit) is outstanding, as is the acquisition rate 
of 1 million waveforms per second. Fast FFT analysis, high dynamic range 
and a maximum bandwidth of 4 GHz also make the new ¸RTO ideal for 
frequency domain measurement.
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sign 3rd Edition, John Wiley & Sons, Somerset, 
NJ, 2005.

4.  H.G. Booker and P.C. Clemmow, “The Concept 
of an Angular Spectrum of Plane Waves, and its 
Relations to that of Polar Diagram and Aperture 
Distribution,” Proceedings of the Institute of 
Electrical Engineering, Part III, Vol.  97, January 
1950, pp. 11-17.

5.  P.C. Clemmow, The Plane Wave Spectrum Rep-
resentation of Electromagnetic Fields, Pergamon 
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6.  D. Slater, Near-Field Antenna Measurements, 
Artech House, Norwood, MA, 1991.

7.  S. Gregson, J. McCormick and C. Parini, Prin-
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demonstrate that ac-
curate patterns can 
be measured with 
no knowledge of 
the AUT. It was also 
demonstrated that 
very-near-field measurements could 
also accurately obtain direct measure-
ment results for other antenna param-
eters, such as total radiated power and 
radiation efficiency. ■
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scans at 25 mm can give accurate far 
field projections, even if the measure-
ment points lie in the reactive region. A 
second advantage of the very-near-field 
measurement system was demonstrat-
ed to be good pattern accuracy with a 
very small scan area. Far-field radiation 
patterns predicted from actual very-
near-field measurements were com-
pared with results measured in an an-
echoic chamber and results generated 
by full-wave simulations for a circularly 
polarized (RH) patch antenna. The 
comparison confirmed the close cor-
relation between chamber results and 
those obtained from the implemented 
very-near-field scanning system. In this 
case, compensation was only made for 
the predictable coupling effects, which 

s Fig. 7  Comparison of chamber results (green) with very-near-
field results from a very-near-field scanning system at 2.4 GHz.
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Phase noise measurements fall under two 
categories: absolute and additive (residu-
al). Absolute phase noise measurements 

are typical of oscillator or LO system level 
noise. Additive phase noise measurements are 
more specific, measuring the additive noise of 
an individual component or subsystem. Ad-
ditive noise measurements are typically at a 
lower level and a more difficult measurement 
than absolute, requiring careful measurement 
setup and calibration. While the setup involves 
traditional microwave plumbing, the calibration 
can be tedious and prone to significant error. 
Holzworth Instrumentation’s HA7000B Series 
of phase noise analyzers addresses this problem 
by completely automating the calibration as well 
as an option for automating the setup.

Holzworth Instrumentation’s HA7000 Se-
ries phase noise analyzers were designed to 
optimize measurement speed and low noise 
floors, while being highly intuitive to set up 
and operate. The high level of automation was 
driven by the customers’ requirements to tran-
sition phase noise testing from R&D to the 
manufacturing environment while maintaining 
the low noise expected in R&D.

In response to customer requests to mea-
sure both absolute and additive phase noise 
with Z540 traceability, Holzworth has released 
revision B of the HA7000 Series. The revisited 
design for the HA7062B and HA7402B in-
clude: a more advanced front end, an external 
power supply for cleaner spurs (also allowing 

for powering the analyzer via a 12 V battery), 
and a Z540 traceable calibration. Most signifi-
cantly, it has introduced fully automated addi-
tive phase noise measurements.

Using external HX series components de-
signed specifically for the HA7062B and 
HA7402B, the calibration process has become 
completely automated. By using calibrated and 
traceable external components, the Z540 trace-
ability is extended from absolute measurements 
to additive phase noise measurements. Using 
the advanced capability of the instrument, the 
measurement is both automated and accurate.

HA7000 Cross CorrelAtion 
PerformAnCe AdvAntAge

Additive phase noise measurements share 
some common issues with absolute phase noise 
measurements. Problems such as port to port 
isolation and match in traditional instruments 
can lead to false readings by allowing the in-
dependent branches in the cross correlation 
system to not be independent enough for cross 
correlation theory to hold true. Depending on 
the setup, this can lead to either false measure-
ments being high or low. To be confident in the 
data, the port match and port to port isolation 
need to be as close to as ideal as possible — 
not unlike a spectrum analyzer or network ana-
lyzer. The HA7000 Series typically has better 

Holzworth Instrumentation
Boulder, CO
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standards. To aid measurement setup, 
the software includes an active quadra-
ture monitor for visual feedback.

Two different external calibration 
standards are available. The fi rst is 
a narrowband electronic phase shift 
calibration standard that adjusts the 
instrument into quadrature (where 
phase detection occurs) and per-
forms  full calibration. The second is 
a broadband time delay calibration 
standard where the user uses the soft-
ware quadrature monitor to achieve  
quadrature and the time delay calibra-
tion standard is used to calibrate the 
instrument.

NARROWBAND, INTEGRATED 
PHASE SHIFT AND CALIBRATION

The fi rst calibration standard setup 
incorporates a pair of Holzworth elec-
tronically (system) tuned phase shifters. 

than –20 dB return loss and isolation 
greater than 80 dB. Internal to the 
instrument, attention to detail involv-
ing ground loops, spurious and shield-
ing provides confi dence that the raw 
data refl ects the true performance of 
the DUT. Without tedious attention 
to these performance parameters, 
the cross correlation function may be 
ineffective at accurately isolating the 
noise due to the DUT only.

ADDITIVE PHASE NOISE TEST 
SETUPS

Additive phase noise of compo-
nents and subcomponents give de-
signers and manufacturers valuable 
insights to the performance of their 
systems. While absolute phase noise 
(oscillator or LO noise) can provide 
the user with the overall performance 
of a source or total system, additive 
phase noise focuses 
the noise contribu-
tions of individual 
two-port elements. 
The results can help 
to troubleshoot or 
predict overall sys-
tem performance, 
similar to cascading 
S-parameters or cal-
culating noise fi gure. 
Oscillator designers 
can even isolate the 
effect of different 
amplifi ers on the 
overall noise.

Proper calibration 
of the additive phase 
noise system has 
traditionally been a 
manual process that 
is not extremely dif-
fi cult, but even a 
small error can lead 
to erroneous results. 
The greatest chal-
lenge in the calibra-
tion is calculating the 
phase detector con-
stant in relation to a 
known phase shift.  
The HA7000 Series 
phase noise analyz-
ers feature a series of 
checks involving the 
internal frequency 
counters and power 
meters in conjunc-
tion with the new 
external calibration 

 Fig. 1  Fully automated, narrowband test setup.
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 Fig. 2  Automated, broadband test setup.
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MISSIONCRITICAL
High-Power PIN Diode Technology

Hill Engineering specializes in “mission critical” custom & non-custom switches, RF 
limiters, and multi-function modules. Our technology focuses on control components and 
active high power RF products for the military, aerospace, and missile markets, including:

u    Fast switching PIN diode switches u  Multi throw and T/R switches

u    RF receiver limiter protectors  u  Multi-function assemblies for Tx and Rx paths

Our many years of experience in high power RF and microwave positions us far above 
the competition.  We fully understand the importance of your program’s success and are 
dedicated to meeting our customer’s needs.  Whether you are looking for a prototype 
or high volume production, Hill Engineering has the solution you’re looking for. 
Call today to find the PIN Diode device technology that’s right for your critical mission.

The Power of Positive Partnering

9 7 8 . 8 8 7 . 5 7 5 4   •   w w w. c o m t e c h p s t . c o m / h i l l
ISO 9001:2000

H i l l  E n g i n e e r i n g  D i v i s i o n

COM29737HillPINDiodeAdIsHf.indd   1 1/13/12   10:21 AM

BroadBand, User sUpplied 
phase shifter, aUtomated 
CaliBration

The second additive phase noise 
test setup automatically calibrates the 
system over a broad range of frequen-
cies. It is up to the user to provide the 
necessary phase shift for quadrature. 
As mentioned previously, the software 
includes a log scale quadrature moni-
tor to assist the user with setting exact 
quadrature. As shown in Figure 2, 
the test system configuration again in-
cludes a frequency source and a three-
way power divider. The phase shift is 
performed manually, typically with a 
mechanical phase shifter. Calibration 
is automatic using a Holzworth time 
delay calibration standard.

Once the user has the DUT in 
place, the log scale Holzworth Quadra-
ture Monitor (see Figure 3) is used to 
monitor the quadrature variation of 
each LO channel, while making small 
adjustments to each phase shifter. 
Once the quadrature of each channel 
is set to inside the target range, the 
user simply selects “Acquire” and the 
system automatically calibrates and 
begins taking data.

The broadband Time Delay Cali-
bration standards are also Z540 trace-
able standards that are available as a 
calibrated set. They are optimum for 
either broadband work where mechan-
ical phase shifters are available or when 
the very lowest noise at close to the 
carrier is required. Mechanical phase 
shifters offer a performance advantage 
over electronic phase shifters close to 
the carrier when the lowest noise floors 

phase lock and calibration. If any out of 
spec conditions occur, a warning mes-
sage will appear.

The Electronic Phase Shifter Cali-
bration Standards are sold in matched 
pairs and are for narrowband applica-
tions, optimized for frequency measure-
ment offsets of 10 Hz to 1 MHz, but 
will operate down to a 1 Hz offset. Each 
calibrated pair is narrowband and may 
be ordered at any frequency. A range of 
standard models are available from Hol-
zworth to cover common frequencies.

In this scenario, both quadrature adjust-
ment and calibration is fully automatic. 
As shown in Figure 1, the test system 
setup includes a frequency source, a 
three-way power divider and two Holz-
worth Electronic Phase Shifter Calibra-
tion Standards. The user introduces a 
DUT with an appropriate power level 
set and simply selects “acquire” on the 
analyzer’s GUI. The software takes 
over and monitors input frequency and 
power, then automatically adjusts each 
phase shifter to optimize conditions for 

s Fig. 3  Holzworth quadrature monitor 
interface.
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Innovative       I       Multifunction       I       Adaptable

I n t e g r a t e d  M i c r o w a v e  A s s e m b l i e s

Scan using your 
Smart Phone  or Tablet 
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Engineering, without compromise since 1954.

FPGAs
Analog. Meet Digital. 

Digital and microwave technologies 
have finally come together, in the 
Field-Programmable Gate Array 
(FPGA). FPGAs can do anything ASICs can, but each 
of its configurable logic blocks can be programmed and 
reprogrammed for many functions, from simple-state machines 
to complete microprocessors. That means FPGAs are not only incredibly versatile, 
they’re also easily upgradeable. Combine them with microwave circuit functions in 
IMAs, and you can make dense, highly functional modules that need less space and 
less power.

Take Narda’s Model 10512. It’s a programmable signal source that digitally creates 
frequency-modulated noise waveforms and applies them to a carrier whose center 
frequency can be varied ±50 MHz in less than 100 ns. Many of its functions are built 
into a single FPGA that’s only 4” x 4” x 0.6”, weighs under an ounce, consumes just 
11W...and meets military shock and vibration requirements. How’s that for SWaP?

IMAs using FPGAs might just be what you’re looking for. 
Contact us today to learn more. 

Analog. Meet Digital.

. FPGAs can do anything ASICs can, but each 
of its configurable logic blocks can be programmed and 

 for many functions, from simple-state machines 

NAR30827IsHfAnalogMeetDigitalMJ.indd   1 3/19/13   10:27 AM

MHz and the power is +15 dBm. In this 
scenario, 1000 correlations are used to 
reduce the noise fl oor, approaching the 
limit of the system. At 10 correlations, 
the noise fl oor is approximately –180 
dBc/Hz (10 kHz offset). At 100 correla-
tions, the noise fl oor had reached –185 
dBc/Hz (10 kHz offset). At 1000 correla-
tions, the noise fl oor had reached a fl oor 
of approximately –190 dBc/Hz (10 kHz 
offset). If mechanical phase shifters are 
used with the Time Delay Calibration 
Standards, a much lower noise close to 
the carrier can be expected.

The HA7000 Series has fully auto-
mated a diffi cult and sensitive mea-
surement in an easy to use system. 
Like the absolute phase noise of high 
performance sources, additive phase 
noise is becoming an important evalu-
ation parameter for two-port devices 
as they infl uence the overall phase 
noise of a system. The Holzworth 
HA7000 Series phase noise analyzers 
now include valuable additive phase 
noise features that automate the resid-
ual phase noise measurement by way 
of an intuitive interface. The revised 
designs couple versatility and ease of 
use with NIST traceable accuracy.

Holzworth Instrumentation, 
Boulder, CO
(303) 325-3473, 
sales@holzworth.com,
www.holzworth.com.

tem into quadrature and automati-
cally calibrate the test setup prior to 
each measurement. A photograph of 
the system setup confi gured to dem-
onstrate the noise fl oor of the additive 
test system is shown in Figure 4.

Additive phase noise measurements 
allow the measurement setup and system 
noise fl oor to be accurately measured 
under a given condition. Figure 5 shows 
the measurement noise fl oor of the Hol-
zworth HA7402A system for this setup. 
This evaluation is performed at fc=100 

are required. The reduced noise fl oor 
is a trade-off for complete automation.

ADDITIVE TEST SETUP EXAMPLE
The block diagram for a typical 

phase noise measurement setup is 
shown in Figure 1. In a traditional sys-
tem, the phase shifters are mechani-
cal and the calibration is manual, rely-
ing on the operator’s experience with 
the system. In this scenario, a pair of 
Holzworth Electronic Phase Shifter 
Calibration Standards move the sys-

 Fig. 4  Holzworth additive phase noise 
setup.
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 Fig. 5  Test system noise fl oor at 100 MHz.
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The machine-to-machine (M2M) market 
is continuing to grow exponentially. By 
2021, annual global M2M revenue will 

hit $50.9 billion according to Analysys Mason. 
That’s also when M2M connections will have 
grown twentyfold to 2.1 billion worldwide, up 
from more than 100 million today. The growth 
will come from a wide range of products – from 
water meters and vending machines to point-
of-sale (PoS) terminals, medical devices and 
many more. Vendors are excited about the 
growing revenue opportunities but these de-
ployments do not come without challenges. In 
addition to a challenging RF environment, de-
signers must figure out how to accommodate 
the wide range of frequencies used for M2M, 
given the limited amount of space within the 
device for the antenna and RF system com-
ponentry necessary for high performance and 
reliable connectivity. Additionally, vendors may 
not have RF expertise and test equipment in 
house to meet these challenges.

Ethertronics’ new EtherModule 1.0, a 
turnkey, plug-and-play, active antenna system 
module combining Ethertronics’ advanced an-
tenna architecture and EtherChip 1.0 tun-

able capacitor using proprietary Air InteRFace 
Digital Conditioning technology on a print-
ed circuit board, provides easy integration by 
wireless product designers. EtherModule 1.0 
is a result of the collaboration of Ethertronics’ 
three divisions: antennas, systems and chips to 
provide the highest performance and connec-
tivity under the most challenging RF condi-
tions. Below are the reasons why EtherModule 
1.0 is an excellent fit for M2M applications:

Active antenna system approach adapts 
to RF and environmental conditions. 
EtherModule 1.0 combines advanced antenna 
architecture, active components and propri-
etary algorithms to provide tuning capability. 
This design enables the antenna’s character-
istics to be seamlessly adjusted to its dynamic 
requirements, such as hand, head and environ-
mental effects, more bandwidth and frequency 
shift.

By dynamically sensing and optimizing the 
antenna system, EtherModule 1.0 gives M2M 

Ethertronics
San Diego, CA
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Plug-and-Play 
Solution Module 
Maximizes M2M 
Performance
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Control the comb. 
Control the clarity.

The sensitivity and the 

distance you’ve been 

striving for from your radar 

or surveillance receiver 

is now within reach. New 

GaAs comb generators from

Aeroflex / Metelics are a 

best-in-class, non-linear-

transmission-line (NLTL) 

innovation that provides 10

to 18 dB lower phase noise 

for better sensitivity than Si

step recovery diode (SRD)

comb generators. Offering

phase noise as low as 

-135 dBc/Hz at 100 Hz 

offset from the 12 GHz 

harmonic, the MLPNC 

series creates clean, low 

conversion loss harmonics 

to 30 GHz over variable input

frequencies from 400 to

1300 MHz. Their variable 

input power from 21 to 

23 dBm make them easy 

to drive and operate. They 

provide ultimate system 

design flexibility and the

opportunity to simplify your

system architecture. 

Visit our website or call 

888-641-7364.

www.aeroflex.com/metelicscomb 

Part Number
Power (dBm)

Output Harmonics (dBm)*Minimum Maximum
MLPNC-7102-SMA800 21 @ 400 MHz 23 @ 600 MHz > -8 @ 4 GHz > -16 @ 12 GHz > -20 @ 20 GHz

MLPNC-7102-SMT680 21 @ 400 MHz 23 @ 600 MHz > -8 @ 4 GHz > -16 @ 12 GHz > -20 @ 20 GHz

MLPNC-7103-SMA800 21 @ 800 MHz 23 @ 1300 MHz > -5 @ 6 GHz > -15 @ 18 GHz > -20 @ 30 GHz

MLPNC-7103-SMT680 21 @ 800 MHz     23 @ 1300 MHz > -5 @ 6 GHz > -15 @ 18 GHz > -20 @ 30 GHz

Non-linear-transmission-line (NLTL) GaAs Comb Generators

* Contact the factory for additional information or for products not covered in the table.
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without undermining performance 
and reliability in the process.

EtherModule 1.0 enables develop-
ers to overcome both challenges. At 
just 35  15  10 mm, EtherMod-
ule 1.0 avoids the time and expense 
of a custom antenna solution. It cov-
ers a wide frequency range from 100 
MHz to 3 GHz, so designers can cre-
ate M2M devices that span 2G, 3G 
and 4G cellular, Bluetooth, ISM, 
WiFi and ZigBee, depending on their 
needs. Additionally, a typical dynamic 
range of 20 dB ensures maximum per-
formance across a wide range of fre-
quencies and use cases.

Years of experience designing 
and integrating high performance 
antenna solutions. EtherModule 
1.0 leverages Ethertronics’ 12-plus 
years of providing high-performance 
antenna solutions used by handset 
vendors to successfully pass operator 
certification. This experience benefits 
M2M vendors whose applications use 
cellular frequencies by significant-
ly increasing the likelihood that an 
EtherModule 1.0 based M2M device 
will pass certification the first time, re-
ducing development time and avoid-
ing the expense of re-engineering.

EtherModule 1.0 benefits M2M 
vendors without the large RF engi-
neering staffs that smartphone and 
tablet vendors have to re-design prod-
ucts that don’t pass operator certifica-
tion the first time. And as a turnkey, 
plug-and-play solution, EtherModule 
1.0 can be quickly and cost-effectively 
integrated into products. Lower de-
velopment costs help vendors balance 
profitability with M2M’s price sensi-
tivity, while rapid integration reduces 
both time-to-market and time-to-rev-
enue.

The M2M opportunity is growing 
quickly, but it’s also getting more chal-
lenging. EtherModule 1.0 gives M2M 
device vendors an opportunity to over-
come those challenges while quickly 
and cost-effectively creating products 
with market-differentiating features. 
It’s also the ideal foundation for appli-
cations that require high performance 
and mission-critical reliability.
Ethertronics,  
San Diego, CA (858) 550-3820, 
usasales@ethertronics.com,  
www.ethertronics.com.

devices the unique ability to maintain 
optimal performance and connectivity 
even when the device is installed on 
a metal surface, such as a water me-
ter housing, that would wreak havoc 
with a traditional passive antenna. The 
combination of an active design and 
closed-loop impedance matching also 
enables M2M vendors to create a sin-
gle platform that can be quickly and 
cost-effectively integrated to meet the 
unique requirements of each new ap-
plication. By comparison, passive de-
signs typically require extensive and 
expensive customization.

Closed-loop impedance match-
ing – this architecture enables the 
module to dynamically sense and op-
timize the antenna system, all with-
out external control signals from the 
device. As a result, EtherModule can 
seamlessly adjust the antenna’s char-
acteristics to meet its dynamic re-
quirements, including frequency shift, 
hand, head and environmental effects 
or more bandwidth. 

This technique automatically cor-
rects frequency shifts that are a fact 
of life for nearly all M2M devices. For 
example, EtherModule 1.0 automati-
cally corrects the detuning that occurs 
due to the user’s hand, such as in the 
case of a point-of-sale terminal, or to 
wet leaves and snow, such as in the 
case of a water meter in an under-
ground vault.

EtherModule 1.0 also uses this 
technique to maximize bandwidth by 
automatically matching the antenna 
whenever the transceiver moves to a 
new frequency. This technique gets 
its name from the ability to conduct 
matching without any external infor-
mation, such as which frequency is 
being used and/or the power level.

A highly compact footprint 
covers a wide frequency range. 
Another trend compounds the chal-
lenges for M2M devices: the growing 
number of bands that many applica-
tions require, such as two or more for 
LTE, another couple for 3G/2.5G fall-
back and possibly one for GPS. If the 
application requires a low frequency, 
such as 400 or 900 MHz, larger anten-
nas are required. As a result, designers 
are further challenged to accommo-
date a wide range of frequencies, in a 
less than optimum amount of space, 

Product Feature
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Tech Brief

18 to 40 GHz Downconverter Family

N orden Millimeter has devel-
oped a variety of 18 to 40 
GHz downconverters for use 

in electronic intelligence (ELINT), 
intelligence, surveillance, and recon-
naissance (ISR) and electronic war-
fare (EW) applications. These con-

verters have been designed to cover 
any variation of frequency bands be-
tween 18 and 40 GHz. Some of the 
converters include an integrated 0.5 
to 18 GHz bypass path for combing 
the 18 to 26.5 GHz and 26.5 to 40 
GHz band into a single 0.5 to 18 GHz 

output. If required, a local oscillator 
can be added to the converter.

Norden Millimeter Inc.,  
Placerville, CA (530) 642-9123,  
sales@nordengroup.com, 
www.nordengroup.com.  
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Tech Brief

Attenuator Family 
Goes Green

SPINNER has developed the 
Green Line series of symmetrical 
attenuators in the medium out-

put range of 25 to 200 W. At the heart 
of this new development is an alu-
minium nitride (AlN) ceramic material 
that is used as the medium substrate. 
Compared to other ceramics with simi-
lar properties, this ceramic is environ-
mentally friendly to manufacture, pro-
cess and with regards to waste disposal.

Another ‘saving’ feature of this new 
development is the use of identical 
parts across the series, which guaran-
tees quick availability over all power 
ratings and attenuation classes. The 
ceramics coated with the different at-
tenuation values are installed into just 

one base body. The appropriate heat 
sinks are applied depending on power 
rating, although the 25 W models do 
not require a heat sink. The available 
standard connectors are N male/fe-
male and 7-16 male/female.

The attenuators are available in 25, 
50, 100 and 200 W power ratings and 
are supplied with the attenuation val-
ues 3, 6, 10, 20, 30 and 40 dB. The 
whole mobile communication range 
has been covered thanks to the broad-
band development of DC to 4 GHz, 
optionally to 6 GHz. This means the 
attenuators can be used universally in 
many high frequency systems.

From a manufacturing standpoint, 
a Kanban system is used for assembly, 

which enables the quick and constant 
ability to supply even with fluctuat-
ing throughput. Also, the slim and 
compact structure of the attenuators 
enables them to be installed into the 
tightest of spaces, while the modular 
design approach means that a large 
variety of types can be offered, in 
conjunction with fast delivery capa-
bilities.

SPINNER GmbH,  
Munich, Germany 
Tel (Europe): +49 89 12601-0,  
Tel (USA): +1(770) 263-6326, 
Email: info@spinner-group.com, 
www.spinner-group.com.

Every HA7062B and HA7402B Phase Noise Analyzer
is delivered with a z540 calibration certificate.
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Tech Brief

High Performance 
Ceramic Filters

C eramic filter technology now 
offers advantages over other 
filter technologies, and can 

even replace some cavity filter de-
signs. Integrated Microwave Corp.’s 
(IMC) ceramic filters offer improved 
frequency coverage, higher Q, higher 
power handling capabilities, more 
poles, more package options and 
lower cost than many alternative fil-
ter technologies. IMC ceramic filters 
have higher Q values, greater than 
1600 at some frequencies, with fre-
quency coverage from 200 MHz to 
10 GHz and bandwidths of 0.3 to 100 
percent. Powers levels of >100 W CW 

and >2 KW peak are possible in some 
frequency ranges and configurations. 
IMC ceramics exhibit less AM/FM 
microphonics than lumped-element 
filters in every axis, at every vibration 
frequency and amplitude.

IMC ceramic filter technology 
produces up to 11 pole filters at full 
production rates and 13 pole filters are 
possible. NRE is now typically $500 or 
less for an eight-pole bandpass filter 
design due to better simulation soft-
ware combined with expert databases.

IMC manufactures RF and micro-
wave filters for many Space programs 
and applications (orbital, deep space 

and planetary missions). IMC is proud 
to have ceramic diplexers on the sur-
face of Mars (in all three rovers and 
the Phoenix Lander), onboard the 
Mars Orbiter and supporting the In-
ternational Space Station. They offer 
ceramic filters, diplexers and triplex-
ers that are multipaction-resistant and 
ready for deployment in high-reliabil-
ity applications.

Integrated Microwave Corp.,  
San Diego, CA 
(858) 259-2600,  
sales@imcsd.com, 
www.imcsd.com. 
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Product Feature

The information you need, from the 
technology leaders you trust.

Check out these new online Technical Papers 
featured on the home page of Microwave Journal 
at mwjournal.com.

Frequency Matters .

Solutions for Design and Test of Downlink 
8x8 LTE MIMO

Advanced VNA Cable Measurements Field Brief

Overview of Tests on Radar Systems and 
Components
                                                                                                                
Introduction to Radar System and Component 
Tests
                                                                                                
T&M Solutions for Software Defi ned Radios (SDR)

Pulsed RF Operation of Microsemi GaN RF 
Power Transistors

Tech Brief

High-Speed Pulsed 
Measurements for 
Radar
M odern radars are multi-functional and multi-

mode; using active antennas allowing “instanta-
neous” beam pointing and interlacing different 

modes, like the track-while-scan mode of airborne radars. 
Such radars use fast switching of different pulse patterns. 
Classical techniques for distance ambiguity solving use 
staggered PRF techniques. Frequency diversity increases 
the range. Pulse compression, which employs an intra-
pulse frequency modulation (chirp), is another known 
technique to increase the distance resolution.

Independent of design and complexity, all radar sys-
tems rely on processing raw data from the basic radar 
pulse. Testing the basic “analog” radar pulse performance 
involves the following pulse parameter measurements:
•	  Timing: Pulse repetition interval or pulse repetition 

frequency, pulse width
•	  Frequency: Frequency in pulse, frequency modulation 

in pulse
•	 Power: Power in pulse

Full testing of these waveform parameters at the devel-
opment/qualification stage generally required sophisticat-
ed and expensive test instruments, like real-time spectrum 
analyzers and high-bandwidth oscilloscopes. Now, the 
cost-effective Pendulum CNT-90XL Microwave Counter/
Analyzer can do the job, due to ultrafast measurements 
(250,000 samples/s). It measures fast changes in PRI/PRF 
and pulse-width in radar pulses down to 30 ns width. It 
further measures frequency in pulses down to 100 ns and 
power in pulse down to 20 us. The CNT-90XL can also 
provide the intra-pulse frequency profile. It is possible to 
measure frequency in each 20 ns slice of the pulse.

The CNT-90XL is available in four frequency input rang-
es (27/40/46/60 GHz). A battery option allows mains free 
operation for field applications. The software TimeViewTM 
provides enhanced Modulation Domain Analysis. Another 
key feature is the graphic display of measured parameters.  
With the introduction of Pendulum CNT-90XL Pulsed RF, 
Spectracom brings an affordable instrument (< $10,000) to 
the radar community, allowing high speed pulse measure-
ment of all time/frequency parameters, supporting modern 
radars where pulse patterns change rapidly.

Spectracom,  
Rochester, NY (585) 321-5800,  
www.spectracomcorp.com.
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RF and Microwave 
Instruments Catalog 

Anritsu offers an RF and micro-
wave instruments catalog which 
provides an overview of its RF and 
microwave testing solutions for 
spectrum analysis, vector network 
analysis, base station analysis, 
cable and antenna analysis, power 
measurements, signal analyzers 
and signal generators. The catalog 
is available for free download at 
www.anritsu.com.
Anritsu,
www.anritsu.com.

Components Catalog 

AtlanTecRF has published its new 
components catalog, accessible 
from its website and in paper for-
mat. Packed with over 600 product 
lines, many available from stock, it 
is the biggest edition to date. The 
online version has a search facility 
to make it easy to navigate through 
the comprehensive portfolio of 
oscillators, active, passive and con-
trol components. It is also possible 
to search by keyword or phrase 
and zoom in to view drawings, 
specifications or model tables in 
greater detail.
AtlanTecRF,
www.atlantecrf.com.

Design and Test 
Integration Brochure 

Agilent’s new design and test bro-
chure describes how you can turn 
great ideas into validated products 
– faster. Agilent’s RF workflow en-
vironment is the comprehensive 
way to simulate, measure and ana-
lyze communications components 
and systems. The brochure shows 
how enabling fast and effective 
RF/microwave communication 
systems and component develop-
ment demands a workflow with 
better integration between design 
and test to help teams reduce development cycle time, achieve higher 
performance and attain earlier system validation.
Agilent Technologies Inc.,
www.agilent.com.

EMC & RF Testing 
Catalog 

AR’s new product catalog is now 
available from the company’s lo-
cal AR sales associate. The catalog 
is easy to use, with “find-it-fast” 
charts and color coding to help get 
right to whatever you need for RF 
and EMC testing. It is available 
for free download, either in full or 
by section on AR’s website. 
AR RF/Microwave 
Instrumentation,
www.arworld.us.

CST STUDIO SUITE 2013 
Brochure 

The newest version of CST’s 3D 
EM simulation software, CST 
STUDIO SUITE® 2013, has 
been released. The latest bro-
chure accompanies the release 
and describes the new design 
environment and latest usability 
and performance improvements. 
The software’s wide applicabil-
ity is shown through illustrated 
examples, and for each product, 
its simulation performance and its 
contribution to workflow integration, the integrated design environment, 
and the complete technology interface are described. The brochure is ac-
cessible online now: www.cst.com/Content/Products/Brochures.aspx.
Computer Simulation Technology AG,
www.cst.com.
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Catalog Update

SSPA Brochure
CTT announces a new family of 
compact, GaN-based solid-state 
power amplifiers (SSPA) operat-
ing in the 6.4 to 11 GHz frequency 
range for a wide variety of RF and 
microwave applications includ-
ing commercial, industrial and 
military radar applications. CTT’s 
latest SSPA designs offer as much 
as 160 W of output power in a 
compact package. They include 
15 models for narrowband appli-
cations operating from 7.8 to 10.7 
GHz in continuous wave (CW) 
mode. 
CTT Inc.,
www.cttinc.com.
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Switch Matrix Product 
Catalog 

Dow-Key Microwave’s matrix cata-
log features the next generation 
platform with brand new electro-
mechanical switch designs, along 
with updated solid state and fiber 
optic matrices. Dow-Key has vast 
experience in designing and manu-
facturing matrix solutions with ex-
cellent performance and reliability. 
Dow-Key is an expert in custom 
designs – from small 1RU design 
to fully integrated 19" rack solu-
tions – and offers a broad range of 
commercial off-the-shelf (COTS) 
matrices to meet all types of switching requirements.
Dow-Key Microwave,
www.dowkey.com.

Short Form Product 
Catalog
Marki Microwave’s goal is to in-
vent technologies to empower the 
RF and microwave industry to 
design faster, simplify production, 
eliminate complexity and shatter 
performance barriers. Its product 
portfolio of high performance com-
ponents includes broadband, low 
conversion loss and highly linear 
mixers, high directivity, low return 
loss couplers and directional bridg-
es, well balanced power dividers 
and hybrid couplers and many oth-
er quality products. The company 
offers short lead times, extensive 
design support, and superior custom components when required.
Marki Microwave,
www.markimicrowave.com.

Catalog Update

Wireless & RF Solutions 

Linear offers high performance 
RF and signal chain solutions for 
wireless and cellular infrastruc-
ture, supporting LTE, LTE-Ad-
vanced, GSM, W-CDMA, TD-
SCDMA, CDMA, CDMA2000 
and WiMAX. Applications include 
broadband microwave data links, 
secure communications, satellite 
receivers, broadband wireless ac-
cess, wireless broadcast systems, 
cable infrastructure and wireless 
sensor networks. Linear’s prod-
ucts include high linearity active 
mixers, direct conversion I/Q demodulators, low distortion IF amplifiers/ADC 
drivers, variable gain amplifiers, integrated RF-to-digital receivers, high speed 
ADCs, RF detectors, active filters and wireless sensor network products. 
Linear Technology,
www.linear.com.

Product Selector Guide
Freescale is the global leader in RF 
transistors for power amplifiers, a 
trusted source of RF solutions for 
more than 30 years. Freescale of-
fers RF solutions for most commu-
nication and industrial applications 
serving wireless infrastructure, 
broadcast, aerospace, land mobile 
communication and industrial, 
scientific and medical (ISM) mar-
kets. With products ranging from 
less than 100 mW to 1.25 kW us-
ing GaAs and LDMOS technolo-
gies, Freescale offers the broadest 
portfolio of RF power transistors. 
Download the Freescale RF Prod-
uct Selector Guide at www.freescale.com/RFSelectorGuide.
Freescale Semiconductor,
www.freescale.com.

“At a Glance” Brochures  

Empower RF Systems has im-
proved on the traditional, pub-
lished catalog concept and is 
pleased to offer instead a series of 
continuously updated and down-
loadable “At a Glance” brochures 
which detail (in separate editions) 
an overview of the company, rec-
ommended products for each 
of its four key markets and new 
product introductions as they oc-
cur. Organized and consistent in 
presentation of key information, 
the “At a Glance” materials are es-
pecially useful for engineers, buy-
ers and sales reps.
Empower RF Systems,
www.empowerrf.com.

Precision Calibration 
Solutions Catalog 
The spring 2013 edition of Maury 
Microwave’s Calibration Solu-
tions Catalog is now available. 
The catalog covers precision VNA 
calibration kits, cal standards and 
components, connector gages & 
kits, metrology-grade adapters, 
TestEssentials™ lab adapters, 
ColorConnect™ precision adapt-
ers, Stability™ RF/microwave 
cable assemblies, thermal and 
cryogenic noise calibration sys-
tems and components, and more.
Maury Microwave,
www.maurymw.com.
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Company Catalog
Norden Millimeter designs and 
manufactures microwave and mil-
limeter wave active components 
operating from 500 MHz to 110 
GHz. Norden specializes in pro-
ducing components to customer’s 
exact specifications. The company 
produces amplifiers, frequency 
multipliers, frequency convert-
ers, VCOs, DROs, RF switches, 
switched filters, transceivers and 
integrated assemblies. Its prod-
ucts are developed for use in com-
mercial, military and scientific 
systems for applications such as 
test equipment, ELINT and EW 
systems, radar and radio astronomy just to name a few.
Norden Millimeter,
www.nordengroup.com.

Microwave Capabilities 
Brochure 
Phase Matrix’s new 16-page mi-
crowave capabilities brochure 
highlights the company’s technical 
pedigree and its well-established 
design and production expertise in 
custom RF and microwave com-
ponents and integrated microwave 
assemblies. The brochure show-
cases oscillator, converter, and 
transceiver assemblies with high-
resolution images of complex, 
multi-function circuits. Copies of 
the brochure are available from 
Phase Matrix sales representatives 
or on the company’s website. 
Phase Matrix,
www.phasematrix.com.

Commercial Product 
Selection Guide 
Peregrine’s product selection 
guide includes information and 
key specifications on its high-
performance RFICs, including 
switches, digital attenuators, mix-
ers/upconverters, prescalers, fre-
quency synthesizers and DTCs. 
These solutions leverage Per-
egrine’s proprietary UltraCMOS® 
technology, which enables the 
design, manufacture and integra-
tion of multiple RF, mixed-signal 
and digital functions on a single 
chip and target a broad range of 
applications in the broadband, in-
dustrial, mobile wireless device, test and measurement equipment, and 
wireless infrastructure markets. Download the catalog at www.psemi.
com/pdf/sell_sheet-psg/PSG2013_73-0009-17web.pdf.
Peregrine Semiconductor,
www.psemi.com.
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Catalog Update

Product Catalog
QuinStar Technology’s product 
catalog features a wide range of 
millimeter-wave product solu-
tions for digital and analog sen-
sors, communications and test 
applications. The catalog provides 
a comprehensive overview of the 
products characteristics, descrip-
tion, specifications and ordering 
information. QuinStar Technol-
ogy is dedicated to providing the 
best service in the industry. The 
catalog is available in full for free 
download online or from your lo-
cal QuinStar representative. 
QuinStar Technology Inc.,
www.quinstar.com.

Solutions Catalog
SAGE Millimeter’s 110-page cata-
log features complete microwave 
and millimeter-wave solutions 
that include antennas, amplifiers, 
frequency converters, control de-
vices, ferrite devices, oscillators, 
waveguides and sub-assemblies 
in the frequency range of 18 to 
140 GHz. The products offered 
are organized into 10 product 
families based on their function-
alities. Many application notes are 
included in the catalog for refer-
ence. The catalog is offered both 
electronically or in print. Physical 
copies can be requested from the 
company via email at info@sagemillimeter.com free of charge.
SAGE Millimeter,
www.sagemillimeter.com.

Wireless Device 
Products
GaAs and GaN products from 
Sumitomo Electric Device Inno-
vations (SEDI) provide total RF 
solutions with complete line-ups 
for cellular basestation, WiMAX, 
SATCOM, digital radio, VSAT, 
DBS, FWA and mobile termi-
nals. GaAs products include low 
noise HEMTs, power FETs, LNA 
MMICs and power MMICs. GaN 
HEMTs include L-Band, S-Band, 
C-Band and X-Band GaN. GaN 
features high impedance for easy 
matching, high breakdown volt-
age, and compatibility with wide-
band DPD systems. Both GaAs 
and GaN devices have been qualified for space vehicle applications.
Sumitomo Electric Device Innovations,
www.sei-device.com.
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RF/Microwave Training S eries
Presented by: Besser Associates
•	Passive	Components:	Couplers,	Dividers	and	Combiners

Market Research Webinar Series
•	Technology	Trends	for	Radar	Systems

Technical Education Training Series
•		The	Design	of	Power	Amplifiers	Using	Cree	GaN	HEMTs
•	Smart	Portable	Test	Equipment	for	ATE	Applications
•	Jamming	and	Spoofing	Mitigations	for	Military	and	Civil	GPS/GNSS	
•	MIMO	Radar:	Demystified

CST Webinar Series 
•		Simulation	of	EMI	in	Hybrid	Cabling	for	Combining	Power	and	

Control	Signaling
•	Chip/Package/Board:	Constraint	Driven	Co-Design

Innovations in EDA/Signal Generation & Analysis
Presented by: Agilent EEsof EDA/Agilent Technologies
•		GaN	on	SiC:	RFMD	High	Power	Design,	Modeling	and		

Measurement
•		World’s	Fastest	Antenna	Performance	Measurement	Technique
•		Antenna	Design	Automation	with	Scripting	and	Parameterized	

EM	Analysis

Presented by: Agilent Technologies
•	Test	Wireless	Designs	with	a	Low-Cost	RF	Vector	Signal	Generator

Agilent in Aerospace/Defense Series
•		Understanding	Probability	of	Intercept	for	Intermittent	Signals
•	Electronic	Warfare	Testing:	Capture,	Measurement	and	Emulation
•		RF/uW	Measurement	Uncertainty:	Calculate,	Characterize,	

Minimize

Agilent in LTE/Wireless Communications Series
•		LTE	and	the	Evolution	to	LTE-Advanced	Fundamentals:		

Part	1	and	Part	2
•	NFC	Test	Challenges	for	Mobile	Device	Developers
•		Moving	Forward	to	LTE-Advanced	with	Heterogeneous	Networks

RF and Microwave Education Series
Presented by: Agilent Technologies
•	Signal	Analyzer	Fundamentals	and	New	Applications
•	Signal	Generator	Fundamentals	and	New	Applications

FieldFox Handheld Analyzers Series
Presented by: Agilent Technologies
•	Techniques	for	Precise	Power	Measurements	in	the	Field
•	Techniques	for	Precise	Time	Domain	Measurements	in	the	Field
•		Calibration	and	Alignment	Techniques	for	Precise	Field		

Measurements

Past Webinars On Demand

April Short Course Webinars
CST Webinar
CST STUDIO SUITE 2013 - MW & RF Simulation  
Live	webcast:	4/16/13,	2:00	PM	ET

Technical Educat ion Training
Increasing Output Power and Efficiency of Microwave 
P2P Systems 	
Sponsored by: Scintera/Sumitomo
Live	webcast:	4/17/13,	11:00	AM	ET

Agilent in Aerospace/Defense
Radar: Trends, Test Challenges and Solutions 
Live	webcast:	4/18/13,	1:00	PM	ET

Agilent in LTE
8x8 MIMO and Carrier Aggregation Test Challenges for LTE  
Live	webcast:	4/25/13,	1:00	PM	ET

Innovations in EDA
Presented by: Agilent Technologies
Accelerating Radar/EW System Design Using 
Wideband Virtual Scenarios
Available	On	Demand	after	4/4/13

CST Webinar
Improvements to EDA and EMC Workflows in  
CST STUDIO SUITE 2013
Available	On	Demand	after	4/10/13

Technical Ed ucation Training
Future Directions in GPS Location Assurance: Receiver 
Certification, Antispoofing and Proof of Location	 
Sponsored by: Rohde & Schwarz
Available	On	Demand	after	4/10/13

Register to attend at  
mwjournal.com/webinars
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New Waves: Amplifiers and Oscillators
for more new products, visit www.mwjournal.com/buyersguide 
featuring V  storefronts

TWT Amplifier
The state-of-
the-art model 
277 TWT am-
plifier is dual 
mode, grid 
pulsed and CW 
and provides 
150 W at pulse 
widths from 

0.05 µseconds to CW. The model 277K fre-
quency range is 18 to 26.5 GHz. The Model 
277Ka frequency range is 26.5 to 40 GHz. The 
RF output pulse width tracks the input 5 V vid-
eo pulse. All power supplies are regulated, 
phase shifted resonant mode DC to DC con-
verter designs operating at 50 KHz. The TWT 
power supplies feature full load efficiency 
greater than 90 percent.
Applied System Engineering Inc., 
www.applsys.com.

Single Band Amplifiers 

Models 15S1G6 
and 50S1G6 are 
single band am-
plifiers that cov-
er the 1 to 6 
GHz frequency 

band. Solid-state, 1 to 6 GHz amplifiers are not 
unusual, but they all require dual bands (two 
separate amplifiers) to provide high output 
power and good gain flatness to provide one 
with a useable instrument. That is, until AR RF/
Microwave Instrumentation created these sin-
gle band models. They provide 15 and 50 W of 
linear output power with excellent gain flatness.
AR RF/Microwave Instrumentation, 
www.arworld.us.

DOCXO 
RFMW pro-
vides design and 
sales support for 
a new double 
oven crystal 
controlled oscil-
lator from Bliley 
Technologies. 

The N6B series stability is rated at ±0.4 ppb 
over an operating temperature range of -20° to 
+70°C. Two variations of the N6B series, the 
N6B-ABA-D1A-10M and N6B-ABA-D1B-10M, 
provide a sine wave output of +5 dBm (typical) 
into 50 Ω. Bliley’s N6B series DOCXOs operate 
from a +5 V DC supply with or without electron-
ic frequency control and offer aging performance 
per year of less than ±0.1 ppm.
Bliley Technologies Inc., 
Distributed by RFMW Ltd., 
www.bliley.com.

Solid-State RF Amplifier
COMTECH PST introduces its latest rack 
mounted wideband high power solid-state RF 
amplifier. Comtech has integrated its proven 
RF GaN PA module designs into a single 19" 
rack. The company consistently evaluates its 
amplifier performance at rated power over the 

t e m p e r a t u r e 
range into a 2:1 
VSWR load. Its 
latest standard 
model features 
an internal AC 

power supply, full Ethernet int e r f a c e / G U I 
control, front panel digital display for forward 
and reverse power, temperature, current, and 
separate fault LEDs. 
COMTECH PST, 
www.comtechpst.com.

CRO
Crystek’s new CVCO55CXT-5580-5685 CRO is 
a coaxial-based VCO with an internal pro-

prietary fre-
quency doubler. 
It operates from 
5580 to 5685 
MHz with a tun-
ing voltage 
range of 0.3 to 
4.7 V DC. This 

coaxial VCO features a typical phase noise of 
-102 dBc/Hz at 10 KHz offset and has good lin-
earity. The CVCO55CXT-5580-5685 CRO ex-
hibits an output power of 0.0 dBm typ. into a 
50 Ω load with a supply of +5 V DC and a cur-
rent consumption of 30 mA (maximum).
Crystek Corp.,  
www.crystek.com.

OCXO
CTS announced devel-
opment of its model 
148 oven controlled 
crystal oscillator, which 
uses the unique SC cut 
crystal technology to 
significantly reduce 
power consumption 
(0.23 W at +25°C) and 
allows for additional 

board space with its miniature-sized package. 
The ideal applications for this oscillator include 
airborne and ground mobile, wireless commu-
nications, broadband access, test and measure-
ment, WLAN/WiMAX/WiFi and portable 
equipment and applications. Its strong mechan-
ical construction enables durability of up to 
500G of mechanical shock.
CTS Electronic Components Inc., 
www.ctscorp.com.

PLL with VCO 

Hittite has 
launched the 
HMC835LP6GE, 
a wideband frac-
tional-N PLL 
with integrated 
VCO that gen-

erates continuous fractional frequencies be-
tween 33 and 4100 MHz. Targeted at the cellular 
infrastructure market, the HMC835LP6GE fea-
tures industry leading PLL and VCO phase 
noise performance with a PLL figure of merit of 
-230 dBc/Hz in integer mode and -227 dBc/Hz 
in fractional mode, and typical VCO phase noise 

of -134 dBc/Hz at 4 GHz output frequency and 
1 MHz offset.
Hittite Microwave Corp., 
www.hittite.com.

Wideband Amplifier 

GVA-60+ (RoHS compliant) is a wideband am-
plifier fabricated using HBT technology and 

offers ultra flat 
gain over a 
broad frequency 
range and with 
high IP3. In ad-
dition, the GVA-
60+ has good 
input and out-
put return loss 
over a broad fre-
quency range 

without the need for external matching compo-
nents and has demonstrated excellent reliabili-
ty. Its lead finish is SnAgNi. It has repeatable 
performance from lot to lot and is enclosed in a 
SOT-89 package for very good thermal perfor-
mance.
Mini-Circuits, 
www.minicircuits.com.

DRO 

PMI model PIA-12D8G-CD-1 is a phase 
locked, dielectric resonator oscillator with inter-
nal reference having an output frequency of 

12.8 GHz. This 
model provides 
a minimum out-
put of +13 dBm 
with all spurs 
held to -80 dBc 
and harmonics 
held to -25 dBc. 
The frequency 
stability is ±3 

ppm with an internal reference of 100 MHz. 
The phase noise is as follows: -34 dBc/Hz at 1 
Hz, -65 dBc/Hz at 10 Hz, -85 dBc at 100 Hz, 
-108 dBc/Hz at 1 kHz, -115 dBc/Hz at 10 kHz, 
-120 dBc/Hz at 100 kHz, and -140 dBc/Hz at 1 
MHz offsets. 
Planar Monolithics Industries, 
www.pmi-rf.com.

Miniature Footprint Synthesizer
This miniature intelli-
gent interactive synthe-
sizer operates over an 
octave bandwidth of 
1000 to 2000 MHz with 
a 500 kHz step size in a 
0.6"  0.6"  0.175" 
RoHS size surface 

mount package. The features include an onboard 
microcontroller for simplified communication, 
+3 dBm minimum output power and excellent 
phase noise performance (-90 and -106 dBc/Hz 
typical at 10 kHz and 100 kHz offsets) with an 
external 10 MHz reference applied over an oper-
ating temperature range of -40° to +85°C. 
Synergy Microwave Corp., 
www.synergymwave.com.
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Low noise and high dynamic range, at low DC power levels.
Our new PGA-103+ amplifier is simply one of the most useful 
low noise/high linearity amplifiers around! With 11 dB gain and 
a 1-dB compression point of 22.5 dBm at 2 GHz, on only 97 
mA DC current ( 5V supply), it’s finding a home in cutting-edge 
applications across all the major wireless bands—as a driver 
amplifier in linearized transmit systems or complex waveform 
upconverter paths, and as a secondary amplifier in ultra high 
dynamic range receivers, to name just a few. 

It even adapts to a wide range of circuits, with a 3-5V power 
supply and no external matching components required! So why 
wait, when improved performance for your next design is in stock 
and available right now? Just go to minicircuits.com for all the 
details, from data sheets, performance curves, and S-parameters to 
material declarations, technical notes, and small-quantity reels—
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offers superior performance in less than 0.09" 
high package with low insertion loss and ulti-
mate rejection levels of 60 dB while maintain-
ing better than 1.5:1 VSWR. Units are light-
weight and ruggedized for today’s air, sea and 
land applications.
Lark Engineering Co., 
www.larkengineering.com.

Buck Converter 

Linear Technol-
ogy announced 
the LTC3646, a 
40 V input ca-
pable synchro-
nous buck con-
verter that can 
deliver up to 1A 

of continuous output current from a 3  4 mm 
DFN-14 (or thermally enhanced MSOP16) 
package. It operates from an input voltage 
range of 4 to 40 V. It utilizes a unique controlled 
on-time architecture that can step inputs as 
high as 36 down to 3.3 V with switching fre-
quencies in excess of 2 MHz, keeping switching 
noise out of critical frequency bands.
Linear Technology Corp., 
www.linear.com.

Phase Shifter
M/A-COM Tech introduced a new digital phase 
shifter for C-Band radar applications that facili-
tates easy implementation in communication 
antennas, phased array radars and weather 

radars. The 
MAPS-011008 
is housed in a 4 
mm 24-lead 
PQFN package. 
It provides 360° 
phase shift 

range with a step size of 5.6°. It is controlled 
with a single +5 V serial or parallel control line. 
Its insertion loss is 4 dB, with a low ±0.5 dB at-
tenuation variation, and ±3° phase accuracy 
over the 5 to 6 GHz frequency range. 
M/A-COM Technology Solutions Inc., 
www.macomtech.com.

Baluns
Responding to a flood of customer demand, 
Marki is proud to offer surface mount baluns 
from 500 kHz to 6 GHz in a package that is just 
0.320" square. The design of the BAL-0003SM 
and BAL-0006SM are significantly different 
from their connectorized versions. Nonethe-
less excellent phase match of ±3° and ampli-
tude balance of ±0.4 dB is typical. These baluns 
are an excellent choice for use with differential 
chips such as ADCs, DACs, amplifiers and 
many other applications.
Marki Microwave Inc., 
www.markimicrowave.com.

Low PIM Terminations 

MECA Electronics is 
pleased to announce its 
Low PIM Loads/Termi-
nations with industry 
leading -170 dBc (typi-
cal) passive intermodu-

lation from 698 to 2700 MHz. Ideal for IDAS, 
ODAS and in-building, base station applica-
tions. Available in 20, 50, and 100 W versions. 
All models feature 7/16 DIN male and female 

Components
Hybrid Coupler 

Richardson RFPD 
Inc. announces 
immediate avail-
ability and full 
design support 
capabilities of a 
new Xinger® III 
3 dB hybrid 

coupler from Anaren. The X3C17A1-03WS-CT 
is ideally-suited for broadband transmit and re-
ceive systems where wide bandwidth, low inser-
tion loss and high isolation is required, includ-
ing wireless applications like LTE, GSM, 
CDMA, DCS, PCS, UMTS, WiMAX and WiFi. 
The device may be used in applications with up 
to 50 W of average power. It is in stock and 
available for immediate delivery.
Anaren, 
Distributed by Richardson RFPD Inc., 
www.anaren.com.

Ka-Band Isolator
DiTom Micro-
wave has re-
leased D3I2731-2, 
a new Ka-Band 
isolator 27 to 31 
GHz. This isola-
tor covers both 

the military and commercial Ka-Band applica-
tions and is available with 2.92mm female or 
male connector configurations. The company 
can improve these electrical specs for high reli-
ability use and narrow the band if necessary. 
This isolator can be manufactured for thermal 
vacuum or ambient environments with optional 
finishes available for humidity, corrosion, EMI/
RF leakage and magnetic shielding. 
DiTom Microwave, 
www.ditom.com.

Directional Couplers
KRYTAR Inc. 
announced the 
continued ex-
pansion of its 
line of direc-
tional couplers 
with the addi-

tion of two new models offering high perfor-
mance over the ultra-broadband frequency 
range of 2 to 40 GHz, each in a single, compact 
and lightweight package. KRYTAR’s model 
102040020 and model 102040020K are multi-
purpose, stripline designs that exhibit excellent 
coupling over the 2 to 40 GHz frequency band. 
The compact size (1.75" × 0.40" × 0.65") makes 
these directional couplers ideal solutions in 
many space-restricted applications.
KRYTAR Inc., 
www.krytar.com.

Ultra-Thin Filters
Lark offers a full line of 
ultra-thin filters for 
commercial and mili-
tary markets. Lark’s 
new ultra-thin package 
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Enhance performance  
and increase design  
flexibility in your  
electronic systems with  
the latest EMI shielding 
and RF grounding  
solutions from Gore.

       gore.com/emi  

When 
it matters...

EMI GASKETS AND 
GROUNDING PADS

GORE® Electronic Materials
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(SP2T) switch, harmonic filtering, and a low noise 
amplifier with bypass mode for equipment manu-
facturers seeking to adjust receive sensitivity. 
RF Micro Devices Inc., 
www.rfmd.com.

Switched Bit Attenuator 
S2D Microwave Inc.’s S3-AS6055R520 is a 
broadband, high performance RF/microwave 

switched bit at-
tenuator. This 
high perfor-
mance compact 
unit offers low 
insertion loss, 
fast switching 
speed, low har-

monic distortion, and three-bit attenuation con-
trol that has TTL driver.
S2D Microwave Inc., 
www.s2dmicrowave.com.

Sensor Module 
SAGE Millimeter’s 
model SSP-24303-
42-D1 is a low cost, pro-
duction ready K-Band 
FMCW ranging and di-
rectional sensor mod-
ule. The center fre-
quency of the module is 
set at 24.125 GHz with 

±150 MHz frequency modulation bandwidth 
and +3 dBm nominal output power. The sensor 
operates from a single +5 V DC power supplier 
and typically draws 250 mA current and requires 
0 to +15 V voltage swing for electrical tuning. 
The sensor incorporates an I/Q mixer to provide 
target moving direction information. 
SAGE Millimeter Inc., 
www.sagemillimeter.com.

Backlight LED Drivers 

Skyworks Solutions Inc. introduced several new 
backlight LED drivers supporting next-genera-
tion smartphones and tablets. Skyworks’ family 
of highly efficient, integrated, multi-channel 

products are tailored to 
support display panels 
ranging in size from 4 
to 12 inches, signifi-
cantly enhancing image 
quality and resolution 
while maximizing bat-
tery life. The multi-

channel architecture and highly efficient, DC/
DC boost-technology enable LED backlight 
driver efficiencies exceeding 90 percent and fa-
cilitate superior dimming performance.
Skyworks Solutions Inc., 
www.skyworksinc.com.

COTS RF Adapters
Trilithic Inc. has 
released a new 
series of COTS 
RF adapters, 
available in a 
wide selection 
of connector 
types and con-

figurations. In-series and between series adapt-
ers are available in DC to 18 GHz frequency 
range with passivated stainless steel body mate-
rial and gold plated beryllium copper contacts. 
Most connector types can be accommodated to 

or Type N male and female connectors. VSWR 
1.10:1 (typical). Made in USA – 36 month war-
ranty.
Microwave Electronics Corp. of America, 
www.e-meca.com.

Microstrip Isolator on Carrier 

Renaissance has de-
signed a Ka-Band mi-
crostrip isolator that 
can handle 2 W forward 
and reverse for SATCOM
applications. It has a 
compact 5 × 6 mm case. 
It provides low inser-
tion loss in the forward 
direction and high iso-
lation in the reverse.

Renaissance Electronics/HXI, 
www.rec-usa.com.

1P12T Relay 
RelComm Technologies Inc. offers a low cost 
high performance 1P12T relay configured with 

SMA type connectors, 
providing exceptional 
RF performance to 18 
GHz. The relay mea-
sures 2.25" square and 
is less than 2" tall. It is 
fitted with standard 
DA15P header for ease 
of installation. The re-

lay is available in both latching and failsafe con-
figurations with 12 and 24 V DC operation. Op-
tions include TTL control input. 
RelComm Technologies Inc., 
www.relcommtech.com.

Broadband DC Block
Response Microwave announced 
its new broadband DC Block for 
use in automated test and pro-
duction applications. The new 
RMDC.26500SMA27mf covers 
the 5 to 26.5 GHz band offering 
typical electrical performance 
of 0.8 dB insertion loss and 
1.25:1 VSWR. Working voltage 
is 50 V and the unit is opera-

tional over the -55° to +85°C range. Mechanical 
package is 1.18" × 0.354" in diameter. Unit is 
made from SUS303F passivated stainless steel 
and connectors are super SMA male to female.
Response Microwave Inc.,  
www.responsemicrowave.com.

WiFi Module 

RFMD introduced the 
h i g h l y - i n t e g r a t e d 
RFFM4501E front end 
module (FEM) for 
802.11ac notebook and 
mobile equipment ap-
plications. RFMD’s 
newest WiFi FEM 

meets or exceeds the system requirements for 
802.11ac connectivity in the 5.15 to 5.85 GHz 
frequency band. The RFFM4501E integrates a 
+17.5 dBm (80 MHz MCS9) PA at 3.3 V, a low 
insertion loss/high isolation single pole two throw 

GORE® Wire and Cable

When reliability,  
durability, and  
performance can be 
compromised by  
harsh environments,  
GORE® Wire and Cables  
offer the best solution.

gore.com/electronics

WIRE AND CABLE

When  
failure 
is not an  
option...
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Move Beyond TWTs

105 Baylis Road, Melville, NY 11747 • Tel: (631) 777-8900
Fax: (631) 777-8877 • www.comtechpst.com

Take advantage of what low voltage, 
integration friendly solid state HPA’s 
have to offer over TWT’s and MPM’s.

Comtech’s latest development expands 
on its proven innovative integrated 

GaN RF Power Amplifier designs. These 
highly integrated designs are ideal 

for use in communication, electronic 
warfare, and radar transmitter systems 

where space, cooling, and power are 
limited. Applications include ground, 

surface, and airborne platforms. 

Contact us today with your 
requirements and specs...we’ll 

meet your needs and exceed your 
expectations.

Comtech...Simply More.

Model BME69189-20/50 
6-18 GHz, 20 & 50 Watts* 
Solid State Power Amp Module

n   Full Power Across the Entire 
Bandwith

n   Maintains Output Power, Gain, 
and Efficiency with Real World 
Load Conditions

n   Low Harmonic Distortion

n   Superior Harmonics AND        
Input /Output VSWR

n   Compact, Lightweight, 
and Usable in the Harshest 
Environments

n   28 Vdc GaN Technology

n   High Speed Blanking

*100 Watts Coming Soon!

ISO 9001:2008 / AS9100C: 2009

Take advantage of what low voltage, 
integration friendly solid state HPA’s 
have to offer over TWT’s and MPM’s.Model BME69189-20/50

Upgrade to solid state reliability & performance

loop antenna for the interference and direction 
analyzer IDA-3106 that covers a frequency 
range from 9 kHz up to 30 MHz. Its typical an-
tenna factor of 47.5 dB (1/m) at 1 MHz gives it 
unusually high sensitivity. This makes it particu-
larly suitable for such tasks as tracing defective 

or poorly screened 
switched mode power 
supplies or electrical 
controls that generate 
interference fi elds or 
identifying interference 
due to data transmissions 
made using the power 
line carrier technique.
Narda Safety Test 
Solutions GmbH,
www.narda-ida.com.

Mixed-Signal Oscilloscope

Agilent announced the 
expansion of its Infi nii-
um 90000 X-Series os-
cilloscope family to in-
clude the world’s high-
est performance MSO. 

The expansion adds six new MSO models, as 
well as 13 GHz DSO and DSA models, to the 
X-Series. The tightly integrated digital channels 
of the new MSO models can function at 20 
GSa/s in an eight-channel confi guration, 60 per-
cent faster than other high-performance MSOs, 
or at 10 GSa/s in a 16-channel confi guration. 
Agilent now offers MSOs ranging from 70 MHz 
to 33 GHz of analog bandwidth. 
Agilent Technologies Inc.,
www.agilent.com.

Signal Generators
Berkeley Nucleonics 
released a full line of 
RF/microwave signal 
generators. It is capable 
of producing in excess 
of 20 GHz, with very 
low phase noise, fast 
switching speeds and 

extensive modulation capabilities in a variety of 
packaging options, including benchtop, porta-
ble battery operation, 1U 19" rackmount, and 
card-level for OEM integration. These instru-
ments offer the widest array of options to meet 
almost any application requirement.
Berkeley Nucleonics Corp.,
www.berkeleynucleonics.com.

Oscilloscopes

The R&S RTO and R&S RTM oscilloscopes 
analyze power supply units. The front ends of 
both instruments have features offering clear 
advantages over other solutions. Their high dy-
namic range allows for precise characterization 
of the power on operations of an embedded sys-
tem. Rohde & Schwarz offers high end voltage 
and current probes and now also the new R&S 
RT-ZF20 deskew fi xture for power measure-
ments. The deskew fi xture makes it easy to 
measure delay differences, which can then be 
corrected in the oscilloscope. 
Rohde & Schwarz,
www.rohde-schwarz.com.

MHz. It uses a combination of ferrite and mi-
crostrip technologies in a hermetically sealed 
fl atpack. The maximum amplitude balance is 
±0.5 dB while the phase balance between out-
put ports is ±5°; with a total insertion loss of 2.3 
dB. The maximum input and output VSWR is 
1.5:1. The output isolation is 16 dB minimum. 
The DL7700 measures 1" × 1" × 0.170". 
TRM Microwave,
www.trmmicrowave.com.

Test Equipment
Directional Antenna
Narda Safety Test Solutions introduced a new 

fulfi ll your specifi c requirements. All adapters 
are RoHS compliant.
Trilithic Inc., 
http://rfmicrowave.trilithic.com.

Power Divider
The DL7700 is 
a space quali-
fi ed, low-profi le 
seven-way pow-
er divider that 
spans a 25 per-
cent bandwidth 
of 620 to 820 
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MICRO-ADS

31st

WR137

WR229
WRD580

p: 561-842-3550
f: 561-842-2196

Waveguide & Coaxial Switches
WR10 thru WR975

WR75

VALUE · QUALITY · FAST DELIVERY

LOGUS.comLOGUS.com

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

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

S HP

REVOLUTIONARY 
HERMETIC SMP CONNECTORS

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

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

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

For use with Aluminum, Kovar 
and other package materials

Miniature
Temperature Stable

Filters

www.dilabs.com

Build-To-Print,
Build-To-Performance 

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

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

AST’S OUTDOOR SWITCHES
For all outdoor & severe weather applications

MICROWAVE SWITCHES FOR THE TELECOM INDUSTRY
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The Book End

quency acquisition in any depth or 
detail. Frequency Acquisition Tech-
niques for Phase Locked Loops ad-
dresses this information gap with an 
easy to understand approach.

 The author introduces readers to 
the basics and delivers useful infor-
mation with minimal mathematics. 
With most of the approaches hav-
ing been developed through years 
of experience, this guide explores 
methods for achieving the locked 
state in a variety of conditions as it 
examines:
•  Performance limitations of phase/

frequency detector-based phase 
locked loops

•  The quadricorrelator method for 
both continuous and sampled 
modes

•  Sawtooth ramp-and-sample phase 
detector and how its waveform 
contains frequency error infor-
mation that can be extracted

•  The benefi ts of a self-sweeping, 
self-extinguishing topology

•  Sweep methods using quadrature 
mixer-based lock detection

•  The use of digital implementa-
tions versus analog
Frequency Acquisition Tech-

niques for Phase Locked Loops is a 
good resource for RF/microwave 
engineers – in particular, circuit de-
signers; practicing electronics engi-
neers involved in frequency synthe-
sis, phase locked loops, carrier or 
clock recovery loops, radio-frequen-
cy integrated circuit design, and 
aerospace electronics; and managers 
wanting to understand the technol-
ogy of phase locked loops and fre-
quency acquisition assistance tech-
niques or jitter attenuating loops.

Aphase locked loop (PLL) by 
itself cannot become useful 
until it has acquired the ap-

plied signal’s frequency. Often, a 
PLL will never reach frequency ac-
quisition (capture) without explicit 
assistive circuits. However, few 
books on PLLs treat the topic of fre-

Frequency 
Acquisition 
Techniques for 
Phase Locked 
Loops

Daniel B. Talbot

To order this book, contact:

Wiley Customer Care Center - 
Consumer Accounts 

10475 Crosspoint Blvd.
Indianapolis, IN 46256

(877) 762-2974

212 pages, $120
 ISBN: 978-1-1181-6810-3

Glass Bead

Hermetic Connector

                   Available!!!

1 1 0 G H z

Connectors and Cables up to

D C  t o  2 6  G H z          4 0  G H z  t o  1 1 0  G H z

1.0 mmSMA N SMPMHigh Frequency

FRONTLYNK TECHNOLOGIES INC.
Tel: +886-6-356-2626    Fax: +886-6-356-6268
http://www.frontlynk.com    E-mail: info@frontlynk.com
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David Intercontinental Hotel, Tel Aviv, Israel, October 21-23, 2013

Organizing Committee

Conference Chair:
Shmuel Auster
Elta Systems Ltd, Israel.
IEEE AP/MTT Chapter Chair 

Technical Program Chair and  
Co-chairs: 
Stephen B. Weinstein
Communication Theory &  
Technology Consulting, USA
Richard V. Snyder
RS Microwave, USA
Peter de Maagt
European Space Agency, 
The Netherlands
Lance M. Kaplan
US Army ARL, USA

Publications Chair: 
Benjamin Epstein
OpCoast LLC, USA

Electronic Submissions Chair: 
Matthias Rudolph
BTU Cottbus, Germany

Global Administration: 
James Rautio
Sonnet Software, USA

Exhibition Chair: 
Oren Hagai
Interlligent, Israel

Members at large: 
Barry S. Perlman
US Army CERDEC, USA (ret.)
Richard Sparks
IEEE MTT Society
Douglas N. Zuckerman
IEEE Communications Society
Elya Joffe
IEEE PSES & EMCS Societies
  
Treasurer:
Itzhak Shapir
Elta Systems Ltd., Israel

Local Arrangements Chair:
Itai Voller
AEAI, Israel
 

Secretariat:

Ortra Ltd.
1 Nirim Street, P. O. Box 9352
Tel-Aviv 61092, Israel
Tel: +972-3-6384444
Fax: +972-3-6384455
Email: comcas@ortra.com 

IEEE COMCAS 2013 continues the tradition of providing a multidisciplinary forum for the 
exchange of ideas, research results, and industry experience in the areas of microwaves, 
communications, antennas, solid state circuits, electromagnetic compatibility, electron  
devices, radar and electronic systems engineering.  It includes a technical program, industry exhibits, 
and invited talks by international experts in key topical areas.

The conference will take place on October 21-23, 2013 in Tel Aviv, Israel.   
The David Intercontinental Hotel on the Mediterranean Sea offers an excellent venue for networking 
and the candid exchange of ideas.

Papers are solicited in a wide range of topics including:

Regular oral presentations will be 20 min. in length; there will also be Poster sessions. 
All submitted papers will be peer reviewed and assessed on key accomplishments, technical 
contribution, and advancement of the state-of-the-art, originality and interest to the attendees.  
Accepted papers will be published in the COMCAS2013 Proceedings which will be submitted for 
publication in IEEE Xplore® after the conference. 

Submission of papers:
English-language manuscripts, no longer than five pages including figures and references, must be 
submitted using the IEEE MS Word template available at 
http://www.ieee.org/conferences_events/conferences/publishing/templates.html 
See author instructions at www.comcas.org 

Important deadlines:
Submission of manuscript:               April 8, 2013
Notification of acceptance/rejection:          June 1, 2013
Submission of final camera-ready paper:      August 1, 2013
Early bird (lower cost) registration:                August 15, 2013

Technical Exhibition: 
The technical program will be complemented with a technical exhibition, which will be held on  
October 21-22, 2013 offering companies and agencies a unique opportunity to visit Israel and  
present related products and services in display and printed advertisement. 
For further details please contact the Conference Secretariat.

Technical Co-Sponsors:

Aeronautical and space applications and challenges
Analog/digital RF circuits and systems
Antennas (components, modeling, micro & macro 
scale)
Automotive and transportation radar and 
communications
Biomedical applications (body area systems, scanning 
devices, telemedicine)
CAD techniques for microwave and communications 
devices 
Circuit theory, modeling and applications
Cognitive radio and spectral sharing technologies
Electromagnetic compatibility
Fifth generation mobile communication
Filters and Multiplexers
First responder and military communication, sensing 
and information retrieval systems
Environmentally sensitive design (“green” communications, 
electromagnetic, and antenna systems)
MEMS modeling, devices and applications
Microcell, picocell and femtocell devices, systems and 
applications

Microwave and millimeter wave circuits and 
technologies
Microwave imaging and tomography
MIMO (multiple antenna systems for communications 
and radar)
Modulation and signal processing technologies
Nanotechnologies and applications
Optical/wireless convergence and integration; radio 
over fiber
Radar signal processing
Radar techniques, systems and applications
RFID devices, technologies, systems and applications
RF power amplifiers and devices
Sensor networks and technologies
Software-defined radio and multiple air interface 
devices
Solid-state devices, RFICs
Spatial coding
Terahertz technologies and systems

Call for Papers

www.comcas.org
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$945ea. qty. (1-9)from

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

       

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

®

The Design Engineers Search Engine finds the model you need, Instantly • For detailed performance specs & shopping online see

        IF/RF MICROWAVE COMPONENTS

ISO 9001   ISO 14001   AS 9100
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. Patents 
7739260, 7761442

416 rev Z

                                   Up to 100 Watt

AMPLIFIERS
  100 kHz to18 GHzNOW!

NEW

Model        Frequency Gain Pout @ Comp.     $ Price (Qty. 1-9)
( with heat sink/fan* )   1 dB 3 dB  with without*
      (MHz) (dB) ( W ) (W)  heat sink heat sink

LZY-22+ 0.1-200 43 16 32 1495  1470
ZHL-5W-1  5-500 44 8 11 995  970
ZHL-100W-GAN+ 20-500  42 79 100 2395  2320
ZHL-50W-52 50-500  50 40 63 1395  1320
ZHL-100W-52 50-500  50 63 79 1995  1920
LZY-1+ 20-512  43 37 50 1995  1895
ZHL-20W-13+ 20-1000 50 13 20 1395  1320
ZHL-20W-13SW+ 20-1000 50 13 20 1445  1370
LZY-2+ 500-1000   46 32 38 1995  1895
ZHL-100W-13+ 800-1000 50 79 100 2195  2095
ZHL-5W-2G+ 800-2000   45 5 6 995  945
ZHL-10W-2G 800-2000   43 10 13 1295  1220
ZHL-30W-252+ 700-2500   50 25 40 2995  2920
ZHL-30W-262+ 2300-2550     50 20 32 1995  1920
ZHL-16W-43+ 1800-4000     45 13 16 1595  1545
ZVE-3W-83+ 2000-8000     36 2 3 1295  1220
ZVE-3W-183+ 5900-18000    35 2 3 1295  1220

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

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

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

•
•
•

•
•
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Technological highlights: signal generation
❙ Frequency range up to 43.5 GHz  
❙ Excellent spectral purity, e.g. typ. –120 dBc (1 Hz)   
 at 10 GHz, 10 kHz offset 
❙ High output power, e.g. typ. +25 dBm at 20 GHz
❙ Flexible pulse generation for radar applications
❙ Easy replacement of legacy instruments

Technological highlights: signal generation
❙ Frequency range up to 43.5 GHz  
❙ Excellent spectral purity, e.g. typ. –120 dBc (1 Hz)   
 at 10 GHz, 10 kHz offset 

Explore the Limits. 
T&M Solutions for  
Aerospace and Defense.
Today‘s aerospace and defense technologies demand ever more 
sophisticated test and measurement solutions to stretch the limits 
of what is feasible. As a full-range supplier, Rohde & Schwarz 
offers a broad portfolio that proves its capabilities in even the most 
demanding applications. Our leading-edge expertise in microwave, 
RF and EMC technology helps customers assess performance, 
optimize platforms and get the most out of systems. Convince yourself.

www.rohde-schwarz.com/ad/space-gen
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