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Boonton’s Peak Power Meters…

In the past, your options were using one- or two-tone test 
signals to measure amplifier linearity. Today, Boonton al-
lows you to use your signal to characterize your DUT. No 
more extrapolating graphs or guessing likely compression 
points. Our family of peak power meters offers powerful 
statistical analysis tools, and is joined by the fastest and 
widest dynamic range sensors in the industry.

If you measure extreme signals with:

•	High	peak	to	average	ratio
•	Ultra-low	duty	cycle
•	Noise-like	communication	signals
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The Future of Amplifier Testing.
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For additional information or technical support, please contact our 
Sales Department at (631) 439-9220 or e-mail components@miteq.com

SPST
0.2 – 2 SW1-002020RN1NF 1.7 70 1.6:1 10/10 20 35 35/70

2 – 8 SW1-020080RN1NF 2 80 1.7:1 10/10 20 35 35/70
4 – 12 SW1-040120RN1NF 2.2 80 1.7:1 10/10 20 35 35/70
2 – 18 SW1-020180RN1NF 3 80 2:1 10/10 20 35 35/70
1 – 18 SW1-010180RN1NF 3 70 2:1 10/10 20 35 35/70

SP2T
0.2 – 2 SW2-002020RN1NF 1.5 70 1.6:1 10/10 20 35 60/60

2 – 8 SW2-020080RN1NF 1.8 80 1.7:1 10/10 20 35 60/60
4 – 12 SW2-040120RN1NF 2.2 80 1.7:1 10/10 20 35 60/60
2 – 18 SW2-020180RN1NF 2.8 80 2:1 10/10 20 35 60/60
1 – 18 SW2-010180RN1NF 3 70 2:1 10/10 20 35 60/60

SP3T
0.2 – 2 SW3-002020RN1NF 1.6 70 1.6:1 20/20 150 180 85/85

2 – 8 SW3-020080RN1NF 1.9 80 1.7:1 20/20 150 180 85/85
4 – 12 SW3-040120RN1NF 2.4 90 1.7:1 20/20 150 180 85/85
2 – 18 SW3-020180RN1NF 3 80 2:1 20/20 150 180 85/85
1 – 18 SW3-010180RN1NF 3.1 70 2:1 20/20 150 180 85/85

Note: The above models are all reflective switches. Absorptive models are also available, please contact MITEQ.

Frequency Insertion Rise/Fall On/Off On/Off DC Power
Range Model Loss Isolation VSWR Time Time Time Positive/Negative
(GHz) Number (dB, Max.) (dB, Min.) (Max.) (ns, Typ.) (ns, Typ.) (ns, Max.) (mA, Max.)
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   THE INDUSTRYÕ S LARGEST SELECTION Mini-Circuits offers thousands of power 
splitters/combiners for applications from 2 kHz to 18 GHz and with power handling as 
high as 300 watts. Choose from coaxial, flat-pack, and surface-mount housings, for 50 Ω 
and 75 Ω applications. The industry’s largest selection includes 2-way through 
48-way power splitters/combiners in 0°, 90°, and 180° configurations, with outstanding 
performance in terms of insertion loss, VSWR, amplitude unbalance, and phase 
unbalance. All models are characterized with detailed data and performance curves, 
available at the touch of a button using Mini-Circuits advanced Yoni2 search 
engine. These low-cost, off-the-shelf power splitters/combiners are available 
immediately, and backed by Mini-Circuits 1year guarantee. But if your application 
calls for a custom unit, our development team will meet or exceed your requirements 
quickly and cost-effectively. Contact Mini-Circuits today, for the industry’s largest 
selection of power splitters/combiners. 

RoHS Compliant 
Product availability is 
listed on our website. 
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Mini-Circuits...Your partners for success since 1969

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com
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P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
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Aeroflex / Weinschel has partnered

with Argosy Component Sales to

provide unmatched availability of

high quality RF and microwave

components. As Aeroflex /

Weinschel’s sole product distributor

in North America, Argosy carries a

robust inventory of attenuators,

terminations, adapters and planar

blind mate connectors. Argosy

ensures responsive customer service

and rapid shipment anywhere in

North America.

Shop online at www.argosysales.com

or call 800-542-4457 between the

hours of 7 AM to 4:30 PM Pacific

Standard Time to order or just to

check price or stock level of a

particular Aeroflex / Weinschel

product.  Argosy accepts... 

and, net 30 accounts after credit

approval.

Aeroflex / Weinschel, Inc.
800-638-2048
301-846-9222
www.aeroflex.com/weinschel
weinschel-sales@aeroflex.com

www.aeroflex.com

RF & MICROWAVE COMPONENTS
HIGH AVAILABILITY FOR TODAY’S APPLICATIONS

Stocked items include...
• Fixed Coaxial Attenuators
• Terminations & Loads
• Step & Variable Attenuators
• Mechanical Phase Shifters
• Power Splitters & Dividers
• Connectors & Adapters
• DC Blocks
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them to market fast are the mark
of innovative companies. So we’re
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more than double their productivity
with today’s Microwave Office® design
environment. ACE™ automated
circuit extraction cuts interconnect
modeling to seconds. AXIEM™ 3D
planar EM reduces most EM cycle
times by a factor of 10. Plus our
open framework means everything
is in the same workflow so there’s
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tools. It means shorter turnarounds
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 More Q.  Less Cu
These tiny new air core inductors

have the highest Q and current handling
in the smallest footprint.

Coilcraft’s new SQ air core inductors have unmatched Q
factors: most are above 200 in the 1-2 GHz range! That’s 3
times higher than comparably sized 0805 chip coils.

And with their extremely low
DCR, they can handle 4 to 8 times
more current: up to 4.4 Arms.

SQ air core inductors are perfect
for your LC filter and RF impedance
matching applications. They come in
15 values ranging from 6 to 27.3 nH,
all with 5% tolerance.

These coils
are significantly smaller than exist-
ing air core inductors. We reduced
the footprint by using close-wound
construction and keeping the leads
close to the body. The square shape
cuts the height to as low as 1.5 mm
and creates flat top and bottom sur-

faces for easy automated handling
and stable mounting.

See how the ultra-high Q and
current handling of Coilcraft’s
new SQ air core inductors can
maximize the performance of

your next design. For complete specifications and free
evaluation samples, visit www.coilcraft.com/sq

www.coilcraft.com 800/322-2645

®

Q factors are 3X higher than
standard chip inductors

RoHS
COMPLIANT

The square shape and narrow footprint
reduce board space by 60-75% over

conventional air core inductors.

7.8125 x 10.75
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ZVA-213X

          super ultra wideband

amplifiers
Calling these amplifiers “wideband” doesn’t begin to describe them.  
Consider that both the ZVA-183X and ZVA-213X amplifiers are 
unconditionally stable and deliver typical +24 dBm output power at 1dB 
compression, 26 dB gain with +/- 1 dB flatness, noise figure of 3 dB 
and IP3 +33 dBm. What’s more, they are so rugged they can even 
withstand full reflective output power when the output load is open or 
short. In addition to broadband military and commercial applications, 
these super wideband amplifiers are ideal as workhorses for a 
wide number of narrow band applications in your lab or in a 
production environment.
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Passives: Making 
an iMPact

Passive microwave components are elec-
trical elements without gain or direc-
tionality, yet they perform a range of 

functions such as signal attenuation, filtering, 
dividing/combining and routing. Designed for 
every medium from RF boards to System in 
Packages (SiP) to integrated circuits (MMIC/
RFIC), passives are ubiquitous and essential. 
Driven by complex communication systems, 
today’s passives must address high perfor-
mance and unprecedented miniaturization at 
the lowest possible cost. Given these demands, 
considerable engineering effort is focused on 
developing enhanced passive devices.

As a result, Microwave Journal receives nu-
merous papers detailing the use of new materi-
als and circuit topologies. Among the various 
types of passives, the majority of submitted 
papers discuss novel technologies applied to 
filters and power combiners/dividers/couplers. 
This month, we are publishing a number of 
papers from our editorial backlog that address 
these types of passive designs.

From our divider/combiner/coupler files, 
we offer three board designs. Two of these 
tackle multi-band operations: one with an en-
hanced bandwidth Wilkinson power divider, 
the other with an N-way power divider. Both 
board designs demonstrate easy, low cost fab-
rication with minimal bill of materials and rea-
sonable performance at the dual frequencies 
of 915, 2450 MHz and 1, 2.5 GHz. Our third 
divider paper is based on an ultra-broadband 
Wilkinson power divider operating from 15 to 
45 GHz. This paper provides an excellent tuto-
rial on basic multi-section divider theory and 
its implementation. Each of these three papers 
offers practical design information that should 
prove beneficial to our readers.

With multi-band radios and crowded fre-
quency bands, filter performance is also impor-
tant and therefore garners a good deal of en-
gineering effort. While many filter companies 
keep quiet about their product’s “secret sauce,” 
the academic world is extremely generous in 
supplying Microwave Journal with content. 
Among these, we offer four technical papers 
this month.

A bandpass filter (BPF) can take many 
shapes as demonstrated in one paper dis-
cussing a compact elliptic-function BPF with 
slotted hexagonal resonators and open stubs 
for capacitive loading. Alternatively, an ultra-
wideband (UWB) BPF operating from 3.1 
to 10.6 GHz with a notched band from 7.5 
to 7.6 GHz is achieved with two cascaded 
inter-digital hairpin resonators and four semi-
circle defected ground structures (S_DGS). 
Improved selectivity and miniaturization are 
both addressed with a compact multi-layer fil-
ter design utilizing split-ring resonator (SRR) 
metamaterials and skew-symmetric feeds. 
Lastly, we offer a paper that integrates a balun 
and BPF with a center frequency of 2.45 GHz 
and a 90 MHz bandwidth utilizing a dual-ring 
structure to improve the balanced port char-
acteristics.

If you design either type of passive, we hope 
this issue is particularly useful. If you currently 
don’t, save this Journal for the day that you 
might. After all, even though these devices are 
passive, their impact on system performance is 
anything but inert.

David Vye
Editor, Microwave Journal
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Cover Feature

Design MethoD of an 
n-way Power DiviDer 
with Dual-frequency
A novel planar N-way dual-frequency power divider is presented. The topology 
of the circuit consists of two sections of N transmission lines and 2N-2 planar 
isolation resistors, which provides enough isolation at two arbitrary frequencies. 
The structure of the power divider and the formulas used to determine the design 
parameters are derived. For verification purposes, a three-way power divider 
with a power split ratio of 1: 2: 3 at both frequencies 915 and 2450 MHz has 
been fabricated using microstrip technology. The measured results are in good 
agreement with the predicted ones.

A power divider is one of the most impor-
tant passive circuits used in microwave 
and millimeter-wave applications. In 

1960, Wilkinson proposed an N-way in-phase 
power divider.1 He described a circularly sym-
metric power divider, which split a signal into 
N-equiphase and equiamplitude signals with 
an even or odd number N. Since then, several 
different N-way power dividers have been pro-
posed.2,3 All of them are for equal power di-
viders. In 2004, an N-way power divider with 
an arbitrary power split ratio was proposed by 
Ahn.4 In Ahn’s article, the circuit and design 
formulas are given, resulting in high isolation 
between ports. However, the structure of the 
divider is difficult to fabricate and it operates 
at a single frequency. In 2003, a small dual-fre-
quency transformer section was introduced by 
Monzon,5 which operates at any two arbitrary 
frequencies, f1 and f2. In this article, an exten-
sion of Monzon’s analysis to the design of an 
improved N-way dual-frequency power divider 
is presented. The proposed power divider op-
erates at two arbitrary frequencies f1 and f2, 

and with an arbitrary power split. The design 
equations are given and a new circuit is pro-
posed, which is easy to fabricate and also has a 
high isolation. To verify the design method, a 
three-way power divider, with a power split ra-
tio of 1: 2: 3 at both frequencies 0.915 and 2.45 
GHz, which can be used in RFID applications, 
has been simulated and fabricated using mi-
crostrip technology. The validity of this analysis 
is demonstrated by experimental results.

ANALYSES AND DESIGN EQUATIONS
The configuration of an N-way arbitrary 

power divider with arbitrary power division ra-
tio is depicted in Figure 1, where all the trans-
mission lines are l/4 long, Z11, Z12, Z21,…, ZN2 
represent the characteristic impedances of 2N 
transmission lines, respectively. If the power 

Y.Y. Yang, X.W. Shi, X.H. Wang,  
X.Q. Chen and D.Z. Chen
Xidian University, Shanxi, China
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split ratio is P1: P2: P3…: PN = K1: K2: K3…: KN, the fol-
lowing equations can be obtained:
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where Zs is an arbitrary design impedance, which can be 
determined by the design situation, Zin1b, Zin2b,…, ZinNb 
are the final output termination impedances and Zj1, Zj2 
are the characteristic impedances of additional impedance 
transformers. By solving Equations 1 to 5, the design equa-
tions can be obtained:
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By using Equations 1, 6, 7 and 8, a power divider with 
arbitrary split ratios can be designed. The isolation resistor 
R can be determined by
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In 2003, Monzon5 proposed a transformer operating at 
two different frequencies by splitting each quarter-wave 
branch into two sections with characteristic impedances Z1 
and Z2 and length L, respectively. This could operate at any 
two arbitrary frequencies f1 and f2, as shown in Figure 2. 
Here, an extension of Monzon’s analysis to the design of an 
improved N-way dual-frequency power divider is presented. 
A schematic diagram of the proposed Wilkinson unequal 
power divider, which operates at two arbitrary frequencies 
and with an arbitrary power split, is shown in Figure 3.

It is necessary to determine the input and output im-
pedances of each branch (Zin and Zout) of the unequal pow-
er divider using Monzon’s theory. Using Equations 1 to 6,  
ZinLa and ZinLb can be determined. Since Z0 is known, Zin 
and Zout are determined. The parameters of the unequal 
power divider can be determined by Monzon’s theory 
(here, f2 greater than f1 is assumed):

 

L =
π

β1 +β2
(10)

Z1 =
Zin

2α
(Zout − Zin)+

Zin

2α
(Zout − Zin )

⎡

⎣
⎢

⎤

⎦
⎥

2

+ Zin
3 Zout

(11)

Z2 =
ZinZout

Z1
(12)

α = (tan(β1L))2 (13)

β =
2π
λ

(14)

s Fig. 1  Diagram of an N-way arbitrary power divider.
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EXPERIMENT 
AND RESULTS

The three-way 
dual- frequency 
power divider was 
fabricated on a 
1 mm thick sub-
strate, with a rela-
tive permittivity of 
2.65. The power 
divider is designed 
for f1 = 0.915 GHz 
and f2 = 2.45 GHz, 
with power division 
ratios of K1:K2:K3= 
1: 2: 3. The simula-
tion, with models 
of a real lumped 
component and 
a real substrate, 
was done with 
AWR2006 soft-
ware, and the 
measured data was 
collected from an 
Agilent N5230A 
network analyzer.

The design pa-
rameters of the 

power divider are calculated fi rst. Using Equation 10, the 
length of each transformer section is L = 30.04 mm. Let Zs 
= Z0 = 50 �. Using Equation 1, the input impedances of 
the four transformer sections can be determined as Zin1a = 
50 �, Zin2a = 16.67 �, Zin3a = 25 � and Zin1b = 300 �, Zin2b 
= 150 �, Zin3b = 100 ��, respectively. The resistances R1, 
R2, R3 and R4 of the planar isolation resistors are selected 
as R1 = 82 �, R2 = R3 = R4 = 39 �. The characteristic 
impedances and their widths and optimized lengths of the 
microstrip lines on Tefl on substrate are given in Table 1.

Figure 4 shows a photograph of the fabricated power 
divider. The measured and simulated S-parameters are 
shown in Appendix A. The measured insertion loss results 
are approximately S21 = 8.20 dB, S31 = 5.10 dB, S41 = 3.08 
dB at 0.915 GHz and S21 = 8.36 dB, S31 = 5.31 dB, S41 
= 3.47 dB at 2.45 GHz, respectively. These indicate that 
the designed power divider can successfully separate an in-
coming signal into three parts with the power ratio of 1:2:3. 
The measured isolation is greater than -20.5 dB at 0.915 
GHz and -26.7 dB at 2.45 GHz. The measured isolation 
between port 2 and port 4 are also greater than -21 dB at 
0.915 GHz and -28.2 dB at 2.45 GHz.

CONCLUSION
An N-way dual-frequency arbitrary power divider is 

presented in this article, which fulfi lls an arbitrary unequal 
power split at two arbitrary frequencies. The structure, 
consisting of two sections of N transmission lines and 2N-2 
planar isolation resistors, is easily fabricated. The design 
formulas, which are used to determine the design param-
eters, have been given. A good agreement between the 
simulation and measurement has been achieved. �

 Fig. 4  Photograph of the fabricated dual-
frequency unequal power divider.

TABLE I
DESIGN DATA FOR A THREE-WAY 

POWER DIVIDER

� W (mm) L (mm)

Z11a 134.2 0.27 32.0

Z11b 111.7 0.50 32.0

Z12a 50.0 2.65 32.0

Z12b 50.0 2.65 32.0

Z21a 44.8 3.15 29.8

Z21b 37.3 4.11 29.8

Z22a 27.1 6.28 29.3

Z22b 30.7 5.34 29.3

Z31a 67.1 1.61 30.5

Z31b 55.9 2.22 30.5

Z32a 33.9 4.67 29.6

Z32b 36.8 4.17 29.6
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s Appendix A Simulated and measured S-parameters for a power 
split of 1, 2, 3 at 0.915 and 2.45 GHz.
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Ultra-broadband 
mmWave Wilkinson 
PoWer divider

The frequency spectrum is currently used 
for many applications and this resource 
is limited. There is also a growing de-

mand for the use of higher frequencies, result-
ing from the demand from electronic warfare 
systems. Therefore, it is necessary to use the 
high band spectrum. The main advantages of 
working at high frequencies include more avail-
able bandwidth, smaller circuits, less interfer-
ence with other services, and a less saturated 
spectrum.1 In this context, ultra-wideband 
microwave circuits have gained prominence in 
radiocommunications systems because many 
applications demand the use of large band-
widths and these kinds of circuits are of great 
relevance in microwave technology.

The advantage of working at high frequen-
cies is making the development of radio-com-
munications systems possible at frequencies 
of up to 30 GHz. This implies the resolution 
of new technological problems in addition 
to the design, assembly and manufact-

uring prob-
lems in these 
f r e q u e n c y 
bands. There 
are currently 
multiple ap-
plications that 
work in the 
mil l imeter-
wave band. 
Specifically, 
there are very 

interesting applications in the area of electron-
ic warfare, such as high resolution radar or in 
the area of communications, such as LMDS or 
WiMAX systems.

Power dividers are key circuits used in 
many microwave applications. The function of 
these circuits is to divide the input signal into 
two or more output signals of lower power. In 
this article, a two-section Wilkinson power di-
vider in microstrip technology, which covers a 
bandwidth of 1.585 octaves (15 to 45 GHz), has 
been designed, developed and measured. The 
measured results show good agreement with 
the simulations.

BASIC THEORY
Multi-section Wilkinson power dividers 

consist of l/4 transmissions line sections loaded 
with end resistances. This structure is shown 
in Figure 1. In such circuits, as the number 
of sections is increased, the bandwidth and 
isolation substantially increase, although inser-
tion losses become higher. The characteristic 
impedances of each section can be obtained 
from the normalized impedances for l/4 trans-
formers with a transformation ratio of 2:1.2

A.M. Peláez-Pérez, J.I. Alonso 
and P. Almorox-González
Universidad Politécnica de Madrid 
Madrid, Spain
J. González-Martín
Indra Sistemas S.A., Torrejón de Ardoz, Spain
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s Fig. 1  Multisection Wilkinson power divider.
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The nominal value 
of each end resis-
tor depends on the 
characteristic im-
pedances, and the 
lower and higher 
frequencies of the 
operating band.3

Two-section 
Wilkinson Power 
Divider Design 
Techniques

The odd reflection coefficient, ro, of a two-section 
Wilkinson power divider depends on the electrical length 
F of each section and can be represented as a symmetric 
function of approximately F = 90°. The location of the odd 
and even reflection coefficients for a two-section Wilkinson 
power divider is shown in Figure 2. If the design process is 
particularized for two sections, the input admittance (Yin,o) 
and the reflection coefficient ro can be easily determined 
through the transmission line theory. These expressions are:
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where G1 and G2 are the conductances of the resistors 
making up the divider, and Y1 and Y2 are the admittances 
of the transmission lines.

To achieve the cancellation of the reflection coefficient 
ro at points F3 and F4, the real and imaginary parts of the 
numerator of Equation 2 must be zero. Therefore, the fol-
lowing expressions are obtained for the real and imaginary 
parts:
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From Equations 3, 4 and 5, the values of the resistors 
that are part of the Wilkinson power divider can be ob-
tained. Therefore, the resistor expressions are given by 
Equations 6 and 7
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The expression that relates F3 with F1 can be obtained 
through the second degree Chebyshev polynomial: T2(x) = 

s Fig. 2  Reflection coefficients ro and re.
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supporting both integer-N and fractional-N operation. 

Active Mixers
ADL5801, ADL5802—highly integrated, high dynamic
range active mixers for Tx and Rx paths. Operating up to 
6 GHz, these mixers feature integrated LO buffer amplifiers
and industry-leading noise figure underblocking.  

RF Amplifiers
ADL5541, ADL5542, ADL5602—broadband amplifiers 
offer the highest linearity (greater than 40 dBm) and lowest
noise figures across a wide frequency range (up to 6 GHz).
The new ADL5602, in industry standard SOT-89 package,
provides 20 dB gain with a linearity of 43.8 dBm.

Broadband Demodulator
ADL5380—broadband demodulator covers 400 MHz 
to 6 GHz frequency range; industry’s highest linearity 
and dynamic range. 

RF Design Tools
Free, easy-to-use online tools shorten your RF design
process. ADIsimPLL™, ADIsimSRD™, and ADIsimRF™

are available for download now.
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Therefore, F3 = 90° {1-1/!2) [(f2/f1-1)/ 
(f2/f1+1)]} = 51.816°, and the resistor 
values can be obtained from Equa-
tions 9 and 10
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The Wilkinson resistors will be re-
alized with printed resistors because it 
is not possible to use chip resistors at 
millimeter-wave frequencies. Printed 
resistors are obtained by depositing a 
certain material layer on the substrate 
used. The printed resistor value de-
pends on different parameters, the re-
sistivity and thickness of the material 
and the size of the resistor. An expres-
sion to calculate the resistor value in 
accordance with the physical dimen-
sions is given in Equation 11

R r
l

e w
res square

l
w

=
⋅ ( )0 11Ω / ( )

where w is the width of the resistor, 
l its length, r0 the material resistivity, e 
its thickness and res(V/square) is the 

2x2-1, where x = (90° - F)/ (90° - F1). 
The result is shown in Equation 8:
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where f2 and f1 are the higher and 
lower frequencies of the operating 
band, respectively.

The design process of the two-sec-
tion Wilkinson power divider can be 
systematized in three steps (see Fig-
ure 3):
• Calculation of the characteristic 
impedances Z2 and Z1. These imped-
ances can be obtained from the tables 
for cascade l/4 transformers.2 For an 
impedance transformation ratio R = 2 
and a bandwidth W = 2(f2-f1)/ (f2+f1), 
the characteristic impedances of the 
transmission line sections of a two-
section Wilkinson power divider can 
be obtained.
• Calculation of the value of F3 from 
Equation 8.
• Calculation of the resistor values at 
the end of each transmission line sec-
tion through Equations 6 and 7.

TWO-SECTION WILKINSON 
POWER DIVIDER

Taking into account the consid-
erations of the last section, an ultra-
wideband power divider has been de-
signed, with a successful response up 
to 40 GHz. The power divider opera-
tion specifications consist of getting 
insertion losses lower than 1 dB and 
return losses higher than 10 dB.

A two-section Wilkinson power 
divider was designed and developed, 
and is shown in Figure 4. A 0.254 
mm thick alumina substrate, with a 
relative dielectric constant of εr = 9.9 
is used, because of the requirements 
of the electronic warfare systems de-
veloped by Indra Sistemas S.A. This 
design uses an impedance transfor-
mation ratio R = 2; the selected band-
width is W = 2(48-12)/(48+12) = 1.2. 
For these values and for a Chebyshev 
design, a normalized impedance Z1 = 
1.29545 is obtained. Therefore, the 
second section impedance is: Z2 = 
R/Z1 = 2/1.29545 = 1.5439.

The second step is to calculate 
F3 to determine the resistor’s values. 

s Fig. 3  Wilkinson power divider design 
flow chart.

SPECIFICATIONS
W, R

Z1, Z2

�3

R1, R2

s Fig. 4  Photograph of the developed 
Wilkinson power divider.
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M/A-COM Technology Solutions Inc.
Lowell, Massachusetts 01851
North America 800.366.2266 • Europe +353.21.244.6400
India +91.80.43537383 • China +86.21.2407.1588
www.macomtech.com

Delivering performance and value...
in a wider range of standard platforms 
M/A-COM Technology Solutions’ Isolator & Circulator
devices are the smart choice for commercial Infrastructure 
applications requiring either surface mount or drop-in 
configurations. 

• Low insertion loss, high Isolation and low
intermodulation distortion

• Clockwise and counter-clockwise orientation
• Operational across a wide temperature range up to 125°C
• Beryllium oxide(BeO)-free and Neodymium(Nd)-free
• Available in a variety of robust, high reliability platforms 

including machined and stamped housing formats

For details, contact your local M/A-COM Technology Solutions
sales office or visit www.macomtech.com

869-894 0.15 23 -80 GSM 
925-960 0.15 23 -80 GSM 
1850-1910 0.2 25 -80 GSM 
1805-1880 0.2 25 -80 GSM 

728-768 0.3 23 -70 LTE 
1475.9-1500.9 0.2 23 -80 LTE 
2605-2705 0.15 25 -75 LTE 

2010-2025 0.15 25 -75 TD-SCDMA 

2110-2170 0.15 25 -75 WCDMA 

2500-2700 0.15 25 -75 WiMAX 
3400-3600 0.15 25 -75 WiMAX 
    Single Junction Ferrite performance table

Frequency     IL   Isol  IMD    Application   
(MHz) (dB)   (dB)   (dBc) 
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could not be changed, as Indra Siste-
mas S.A. imposes the use of alumina 
to make the integration of the divider 
in its systems easier; this splitter is part 
of a wafer, where different integrated 
circuits for electronic warfare are de-
veloped. Although the introduction of 
a 3/4 transmission line will change 
the theoretical response of the divider, 
in particular the minimum positions, 
the new design continues to fulfill the 
bandwidth specifications.

SIMULATIONS AND 
MEASUREMENTS

To perform measurements in the 
millimeter-wave band, equipment, 
connectors and cables that work cor-
rectly up to 50 GHz are required, but 
it is difficult to have the equipment 
work properly at these high frequen-
cies. The most sensitive elements 
are the connectors, whose response 
degrades considerably as the operat-
ing frequency of the device increases. 
Therefore, it is necessary to choose 
connectors that work up to high fre-
quencies and to make a suitable de-
sign of the coaxial to microstrip transi-
tion to improve the device’s operating 
range.

In this project, the vector network 
analyzer PNA5230A, the N4693A 
calibration kit (both from Agilent) and 
connectors with a 50 V seal of 9 mils 
from SouthWest Microwave, model 
1414-06SF 2.4 mm,5 have been used 
(see Figure 5). Reliable measure-
ments can be taken with this mea-
surement bench up to 50 GHz, if the 
effects of coaxial cables and connec-
tors are eliminated through proper 
calibration.

The power divider assembly pro-
cess has been done carefully, because 
a poor welding can significantly de-
grade the circuit response. Despite 

resistance in ohms per square. Resis-
tors of 50 V/square will be used in the 
manufacturing process because it is 
the most common value. This fact im-
plies that the resistor size determines 
the nominal value of the resistor. A 
crucial aspect in the circuit design is 
to choose the appropriate dimension 
of the resistors. Therefore, the discon-
tinuities between the power divider 
branches can be avoided. Thus, the 
width of the selected resistor is the 
minimum set out by the manufactur-
ing process (5.9 mils). The length of 
the resistor is determined by the resis-
tor nominal value desired (13.8 mils).

Other important aspects are the 
discontinuities and the bends in the 
output branches, which must be care-
fully designed because these discon-
tinuities can significantly degrade the 
response of the circuit. The proposed 
design in this article is made up of 
circular transmission line sections to 
avoid coupling between the branch-
es.4 The discontinuity caused by the 
angle between the two transmission 
line sections does not have an equiva-
lent circuit model and its parameters 
are optimized through electromag-
netic simulation with the Momentum 
tool of the Advanced Design System 
software.

The bend in the output transmis-
sion line has also been optimized us-
ing Momentum to get the best circuit 
response. The design of the output 
bend is extremely important because 
its response affects the output return 
losses. In the literature, there are 
different bend models in microstrip 
technology. The most usual case is the 
bend whose union between the two 
lines is 90°. However, for this design, 
one of the conditions required is that 
the angle of the output transmission 
lines should be 60° on the x-axis (for 
mechanical considerations). There-
fore, the literature models cannot be 
used and electromagnetic optimiza-
tions have to be used to design the 
bend that introduces the best possible 
return losses in the output ports.

Another problem in the design of 
the power divider is the size of the 
circuit transmission lines, because the 
substrate determines an inappropriate 
dimension of the second transmission 
line. To solve this problem, the second 
section of length /4 was replaced by 
a line 3/4 long, because the substrate s Fig. 5  Connector with seal.

FIELD
REPLACEABLE
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MICROSTRIP

50 � SEAL
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HMC-C200, 8.0 to 8.3 GHz Dielectric Resonator Oscillator

NEW PRODUCT LINE!  IN-STOCK DIELECTRIC RESONATOR OSCILLATOR

Frequency
(GHz)

Function
Output 

Power (dBm)

10 kHz SSB 
Phase Noise 

(dBc/Hz)

100 kHz SSB 
Phase Noise 

(dBc/Hz)

Frequency Drift 
(ppm/°C)

Bias Supply Package
Part

Number

8.0 - 8.3 Dielectric Resonator Oscillator 14.5 -124 -140 2 +6 to +15V @ 125 mA C-18 / SMA HMC-C200 NEW!

NEW!
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(GHz)
Closed Loop SSB Phase 
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Pout

(dBm)
RMS Jitter

Fractional Mode (fs)
Figure of Merit

(Frac/Int) (dBc/Hz)
Integrated PN 

Fractional Mode
Part

Number

0.78 - 0.87 -120 dBc/Hz -147 dBc/Hz +12 190 -221 / -226 0.05 deg rms HMC824LP6CE
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7.3 - 8.2 -102 dBc/Hz -140 dBc/Hz +15 196 -221 / -226 0.55 deg rms HMC764LP6CE

7.8 - 8.5 -102 dBc/Hz -139 dBc/Hz +13 193 -221 / -226 0.58 deg rms HMC765LP6CE

11.5 -12.5 -100 dBc/Hz -134 dBc/Hz +11 181 -221 / -226 0.78 deg rms HMC783LP6CE

12.4 - 13.4 -98 dBc/Hz -134 dBc/Hz +8 175 -221 / -226 0.81 deg rms HMC807LP6CE
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of connector measurements. The con-
nector equivalent circuit values are 
shown in Table 1. Figure 7 shows a 
close view of the developed Wilkinson 
power divider. Comparisons between 
the Momentum electromagnetic re-
sponse and the measurements of the 
developed Wilkinson power divider 
are presented in Figures 8, 9 and 10.

The measured responses are very 
similar to the Momentum simulations. 
The transmission response has a peak-
to-peak ripple amplitude of 1 dB up to 
38.3 GHz. Above this frequency, the 
response falls slightly and the peak-to-
peak ripple amplitude is 2 dB in the 
operating band: 15 to 45 GHz. The in-
put reflection is better than 10 dB up 
to 38.7 GHz. The output reflection is 
better than 10 dB up to 40 GHz. The 
response deterioration at 40 GHz is 
the result of the connectors mismatch.

CONCLUSION
An ultra-broadband power divider 

for the millimeter-wave band has been 
designed, developed and measured. 
The main problems of using millime-
ter frequencies have been studied and 
solved. The designed circuit presents 
good performance in a wide band (15 

this, problems have been detected in 
the assembly of the box with the con-
nectors. One of them has been the 
irregularity of the pearl outer ring, 
which causes a bad contact between 
the connector and the microstrip 
transmission line. Furthermore, the 
connectors are very delicate and dete-
riorate easily, because the circular sec-
tion of the inner conductor connector 
can be deformed, causing important 
attenuation peaks in the circuit trans-
mission response. The circuit simu-
lation takes into account the effects 
of the connectors, which have been 
modeled with the equivalent circuit 
shown in Figure 6. In the equivalent 
circuit, the first coaxial represents the 
seal; the third coaxial simulates the 
pin, and the second coaxial is intro-
duced to decrease the discontinuity 
effect between the seal and the pin. 
The capacity C1 simulates the discon-
tinuity between the seal coaxial (CX1) 
and the compensation coaxial (CX2), 
because of a change in the outer di-
ameter and in the permittivity of the 
medium. The capacity C2 models the 
discontinuity between the compensa-
tion coaxial (CX2) and the pin coaxial 
(CX3), because of a change in the 
outer diameter. The capacity C3 sim-
ulates the discontinuity between the 
pin coaxial (CX3) and the pin, result-
ing from a change in the propagation 
medium. Finally, the coaxial-to-mi-
crostrip transition is modeled by the 
inductor L1, the capacity C4, the re-
sistor R and the transmission line TL1. 
The 2.4 mm connector 1414-06SF 
has been characterized previously6

through electromagnetic simulations 
with the CST software and by means 

s Fig. 6  Equivalent circuit of the connector.

1
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4

2  1 

4  3

2  1 

4  3

 COAX
  ID  = CX 1
  Di  = 304.8 um
  Do  = 2000 um
  L  = 1397 um
  ER  = 3.741
  TAND  = 0
  RHO  = 1

 COAX
  ID  = CX 2
  Di  = 304.8 um
  Do  = 1680 um
  L  = 80 um
  ER  = 1
  TAND  = 0
  RHO  = 1

 COAX
  ID  = CX 3
  Di  = 304.8 um
  Do  = 700 um
  L  = 1460 um
  ER  = 1
  TAND  = 0
  RHO  = 1

  TLIN
  ID  = TL1
  Z0  = 50 Ohm 
  EL  = Long Deg
  F0  = 40 GHz

 IND
        ID = L1
  L  = l1 nH 

 CAP
  ID  = C4
  C  = c4pF  CAP

  ID  = C3
  C  = c3pF 

 CAP
  ID  = C2
  C  = c2pF 

 CAP
  ID  = C1
  C  = c1pF 

 RES
           ID = R1
  R  = R Ohm

TABLE I
CONNECTOR EQUIVALENT CIRCUIT 

VALVES

C1 (pF) 0.0001

C2 (pF) 0.0001

C3 (pF) 0.005

C4 (pF) 0.018

L1 (nH) 0.081

http://mwj.hotims.com/23292-118
http://www.tecdia.com


Analog & Mixed-Signal ICs, Modules, Subsystems & Instrumentation

20 Alpha Road Chelmsford, MA  01824
Phone: 978-250-3343  •  Fax: 978-250-3373  •  sales@hittite.com

Order On-Line at: www.hittite.com 
 Receive the latest product releases - click on “My Subscription”

IDEAL FOR CELLULAR/4G, CATV/BROADBAND & TEST EQUIPMENT APPLICATIONS!

HMC770LP4BE
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See www.hittite.com for Our Complete Amplifi er Product Line

Features
 High Output IP3: +40 dBm

 High Output P1dB: +23.5 dBm

 High Gain: 16 dB

 Low Noise Figure: 2.5 dB

Typical Applications
 Cellular/4G, WiMAX & Fixed Wireless

 CATV, Cable Modem & DBS

 Microwave Radio & Test Equipment

 IF & RF Applications

A SELECTION OF IN-STOCK HIGH LINEARITY AMPLIFIERS
Frequency

(GHz)
Function

Gain
(dB)

OIP3
(dBm)

NF
(dB)

P1dB
(dBm)

Bias
Supply

Package
Part

Number

0.2 - 4.0 Low Noise, High IP3 13 40 2.2 22 +5V @ 155mA ST89 HMC636ST89E

0.04 - 1.0 50 / 75 Ohm Differential Gain Block 16 40 2.5 23.5 +5V @ 270mA LP4B HMC770LP4BE

DC - 1 HBT Gain Block, 75 Ohm 14 38 5.5 21 +5V @ 160mA S8G HMC754S8GE

0.05 - 3.0 HBT Gain Block 15 40 3.5 18 +5V @ 88mA ST89 HMC740ST89E

0.05 - 3.0 HBT Gain Block 20 42 2.5 18 +5V @ 96mA ST89 HMC741ST89E

0.7 - 2.8 High IP3 HBT Driver Amplifi er 18 42 3.8 25 +5V @ 125mA ST89 HMC789ST89E
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NEW COMPARATOR LINE DELIVERS 20 GBPS SPEED @ <50% POWER CONSUMPTION!

  RSCML & RSECL Versions Available

  10 GHz Input Bandwidth

  Low Propagation Delay 
 Clock to Output: 120 ps

  Low Overdrive & Slew 
 Rate Dispersion: 10 ps

  Minimum Pulse Width: 60 ps

  Low Power Dissipation: 150 mW

HMC874LC3C 20 Gbps Clocked Comparator RSPECL

IN-STOCK HIGH SPEED COMPARATORS
Analog Input 

B/W (GHz) / Clock 
Rate (Gpbs)

Function
Deterministic  

Jitter (ps)
Propagation 

Delay (ps)
Output Voltage 

Swing (Vdc)

DC Power 
Consumption 

(mW)

Vcco / Vterm [2]

 Power Supply 
(Vdc)

Package
Part

Number

10 / 20 Clocked Comparator - RSPECL <3 120 0.4 150 +3.3 / +1.3 LC3C HMC874LC3C

10 / 20 Clocked Comparator - RSCML <3 120 0.4 130 0 / 0 LC3C HMC875LC3C

10 / 20 Clocked Comparator - RSECL <3 120 0.4 150 0 / -2.0 LC3C HMC876LC3C

9.7 / [1] Latched Comparator - RSPECL 2 85 0.4 140  +3.3 / +1.3 LC3C HMC674LC3C

9.7 / [1] Latched Comparator - RSCML 2 100 0.4 100  0 / 0 LC3C HMC675LC3C

9.7 / [1] Latched Comparator - RSECL 2 100 0.35 120  0 / -2.0 LC3C HMC676LC3C

[1] Note that HMC674/675/676LC3C is a family of Level Latched Comparators
[2] Vee = -3.0V & Vcci = +3.3V

 NEW!

 NEW!

 NEW!

Ideal for Broadband Communications, Test & Medical / Industrial Systems

NEW!

Visit http://mwj.hotims.com/23292-42

mailto:sales@hittite.com
http://www.hittite.com
http://mwj.hotims.com/23292-42
http://www.hittite.com
mailto:sales@hittite.com
http://www.hittite.com
http://mwj.hotims.com/23292-43


42  MICROWAVE JOURNAL  NOVEMBER 2009

COVER FEATURE

Visit http://mwj.hotims.com/23292-103

IEEE Transactions on Microwave 
Theory and Techniques, Vol. 19, No. 
2, February 1968, pp. 110-116.

4.  M. Hamadallah, “Microstrip Power 
Dividers at mm-Wave Frequencies,” 
Microwave Journal, Vol. 31, No. 7, 
July 1988, pp. 115-127.

5.  Southwest Microwave website, avail-
able: http://www.southwestmicro-
wave.com.

6.  L.A. Tejedor-Alvarez, J.I. Alonso, J. 
González-Martín and P. Almorox-
González, “Consideraciones Sobre el 
Montaje de Conectores para Optimi-
zar su Respuesta en Bandas Milimé-
tricas,” XXIII Simposium Nacional de 
la Unión Científi ca Internacional de 
Radio (URSI 2008), Book of Summa-
ries, September 22-24, 2008, Madrid, 
Spain, p. 80.

to 45 GHz). This power divider can be 
used in more complex circuits for elec-
tronic warfare or other applications.
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 Fig. 7  Close view of the developed 
Wilkinson power divider.

 Fig. 8  Insertion losses of the two-section 
Wilkinson power divider.
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A SELECTION OF IN-STOCK POWER AMPLIFIER ICs
Frequency

(GHz)
Function

Gain
(dB)

OIP3
(dBm)

NF
(dB)

P1dB
(dBm)

Bias
Supply

Package
Part

Number

6 - 9.5 Power Amplifi er, 1 Watt 21 40 - 30.5 +7V @ 820mA LP5 HMC590LP5E

6 - 9.5 Power Amplifi er, 2 Watt 18 41 - 33 +7V @ 1340mA LP5 HMC591LP5E

7 - 9 Power Amplifi er, 2 Watt 26 40 6.5 33.5 +7V @ 1.3A Chip HMC486

7 - 9 Power Amplifi er, 2 Watt 22 40 7 32 +7V @ 1.3A LP5 HMC486LP5E

9 - 12 Power Amplifi er, 2 Watt 20 36 8 32 +7V @ 1.3A LP5 HMC487LP5E

10 - 13 Power Amplifi er, 1 Watt 19 38 - 31 +7V @ 750mA Chip HMC592

12 - 16 Power Amplifi er, 1 Watt 13 34 9 31 +7V @ 1.3A LP5 HMC489LP5E

16 - 24 Power Amplifi er, 1 Watt 23 41 - 31 +7V @ 790mA Chip HMC756

16 - 24 Power Amplifi er, 1/2 Watt 22 37 - 29 +7V @ 395mA Chip HMC757

 NEW!
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IDEAL FOR MICROWAVE & VSAT RADIOS, TEST EQUIPMENT, MILITARY & SPACE APPLICATIONS!

HMC756 & HMC757
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 Up to +33 dBm @ 28% PAE
 High Output IP3: Up to +41 dBm
 High Gain: Up to +23 dB
 DC Supply: +7V
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 USB, GPIB & Ethernet Control

$7,998.00
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(MHz)
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100 kHz SSB 
Phase Noise (dBc/Hz)
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@ 1 GHz 

(dBc)

Switching Speed 
@ 100 MHz 
 Steps (μs)

Part
Number

@ 2 GHz @ 6 GHz @ 1 GHz @ 4 GHz

0.01 - 20 Signal Generator 0.01 +27 +27 -113 -101 -80 <300 HMC-T2100

0.7 - 8.0 Signal Generator 1 +20 +15 -78 -87 -57 <200 HMC-T2000
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OCTAVE BAND LOW NOISE AMPLIFIERS   
Model No.    Freq (GHz)     Gain (dB) MIN Noise Figure    (dB)     Power -out @ P1-dB     3rd Order ICP    VSWR    
   CA01-2110    0.5-1.0     28    1.0 MAX,    0.7 TYP     +10    MIN      +20    dBm     2.0:1 
   CA12-2110    1.0-2.0     30    1.0 MAX,    0.7 TYP     +10    MIN      +20 dBm     2.0:1 
   CA24-2111    2.0-4.0  29    1.1 MAX,    0.95 TYP     +10    MIN      +20 dBm     2.0:1 
   CA48-2111    4.0-8.0  29    1.3 MAX,    1.0 TYP     +10    MIN      +20 dBm     2.0:1 
   CA812-3111    8.0-12.0     27    1.6 MAX,    1.4 TYP     +10    MIN      +20 dBm     2.0:1 
   CA1218-4111    12.0-18.0     25 1.9 MAX,    1.7 TYP     +10    MIN      +20 dBm     2.0:1
CA1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10    MIN  +20 dBm  2.0:1 
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA01-2111 0.4 - 0.5 28 0.6 MAX, 0.4 TYP +10    MIN  +20 dBm  2.0:1 
CA01-2113 0.8 - 1.0 28 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA12-3117 1.2 - 1.6 25 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA23-3111 2.2 - 2.4 30 0.6 MAX, 0.45 TYP +10    MIN +20 dBm  2.0:1 
CA23-3116 2.7 - 2.9 29 0.7 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA34-2110 3.7 - 4.2 28 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA56-3110 5.4 - 5.9 40 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA78-4110 7.25 - 7.75 32 1.2 MAX, 1.0 TYP +10    MIN +20 dBm  2.0:1 
CA910-3110 9.0 - 10.6 25 1.4 MAX, 1.2 TYP +10    MIN +20 dBm  2.0:1 
CA1315-3110 13.75 - 15.4 25 1.6 MAX, 1.4 TYP +10    MIN +20 dBm 2.0:1 
CA12-3114 1.35 - 1.85  30 4.0 MAX, 3.0 TYP +33    MIN +41 dBm 2.0:1
CA34-6116 3.1 - 3.5  40 4.5 MAX, 3.5 TYP +35    MIN +43 dBm 2.0:1 
CA56-5114 5.9 - 6.4 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA812-6115 8.0 - 12.0 30 4.5 MAX, 3.5 TYP +30    MIN +40 dBm 2.0:1 
CA812-6116 8.0 - 12.0 30 5.0 MAX, 4.0 TYP +33    MIN +41 dBm 2.0:1 
CA1213-7110 12.2 - 13.25 28 6.0 MAX, 5.5 TYP +33    MIN +42 dBm 2.0:1 
CA1415-7110 14.0 - 15.0 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA1722-4110 17.0 - 22.0  25 3.5 MAX, 2.8 TYP +21    MIN +31 dBm 2.0:1 
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure    (dB)    Power -out @ P1-dB 3rd Order ICP  VSWR
CA0102-3111 0.1-2.0  28 1.6 Max, 1.2 TYP +10 MIN  +20 dBm 2.0:1 
CA0106-3111 0.1-6.0  28 1.9 Max, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-3110 0.1-8.0  26 2.2 Max, 1.8 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-4112 0.1-8.0  32 3.0 MAX, 1.8 TYP +22    MIN  +32 dBm 2.0:1 
CA02-3112 0.5-2.0  36 4.5 MAX, 2.5 TYP +30    MIN  +40 dBm 2.0:1 
CA26-3110 2.0-6.0  26 2.0 MAX, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA26-4114 2.0-6.0  22 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA618-4112 6.0-18.0  25 5.0 MAX, 3.5 TYP +23    MIN  +33 dBm 2.0:1 
CA618-6114 6.0-18.0  35 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA218-4116 2.0-18.0  30 3.5 MAX, 2.8 TYP +10    MIN  +20 dBm 2.0:1 
CA218-4110 2.0-18.0  30 5.0 MAX, 3.5 TYP +20    MIN  +30 dBm  2.0:1 
CA218-4112 2.0-18.0  29 5.0 MAX, 3.5 TYP +24    MIN  +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq (GHz)  Input Dynamic Range Output Power Range Psat Power Flatness dB VSWR
CLA24-4001 2.0 - 4.0 -28 to +10 dBm +7 to +11 dBm +/- 1.5 MAX 2.0:1 
CLA26-8001 2.0 - 6.0  -50 to +20 dBm +14 to +18 dBm +/- 1.5 MAX 2.0:1 
CLA712-5001 7.0 - 12.4 -21 to +10 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1 
CLA618-1201 6.0 - 18.0 -50 to +20 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq (GHz) Gain (dB) MIN  Noise Figure    (dB) Power -out @ P1-dB Gain Attenuation Range VSWR
CA001-2511A 0.025-0.150 21 5.0 MAX, 3.5 TYP +12    MIN  30 dB MIN  2.0:1
CA05-3110A 0.5-5.5  23 2.5 MAX, 1.5 TYP +18    MIN 20 dB MIN  2.0:1
CA56-3110A 5.85-6.425  28 2.5 MAX, 1.5 TYP +16    MIN 22 dB MIN  1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5 TYP +12    MIN 15 dB MIN  1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6  TYP +16    MIN 20 dB MIN  1.8:1
CA1518-4110A 15.0-18.0  30  3.0 MAX, 2.0 TYP +18    MIN 20 dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure dB Power -out @ P1-dB 3rd Order ICP  VSWR
CA001-2110 0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN  +20 dBm 2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN  +23 dBm 2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN  +33 dBm 2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN  +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN  +30 dBm 2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN  +35 dBm 2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN  +25 dBm 2.0:1
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is a global security company that employs about 140,000 
people worldwide and is principally engaged in the re-
search, design, development, manufacture, integration 
and sustainment of advanced technology systems, prod-
ucts and services.

New Satellite 

Broadband Services 

for Military 

Personnel and 

Defense Contractors

TS2 Satellite Technolo-
gies is introducing new 

satellite link products to the 
international market. These 
types of telecommunication 
products are mainly used by 
the companies that execute 
contracts in the Middle 
East and Asia, as well as by 
soldiers that are stationed 
in Iraq and Afghanistan.

“Purchased bands give 
us unlimited possibilities of configuration and setting any 
telecommunication connections from the Middle East re-
gion and South-Western Asia. We can now build networks 
of any size on such satellites as Intelsat 10-02, Intelsat 901, 
ABS-1, ArabSat Badr-4 and NSS-6,” said Marcin Frackie-
wicz, President of TS2.  

The new TS2 Satellite Technologies offer is a broad-
band Internet and corporate networks based on satellites. 
The operator’s broadband services enable two-way data 
transfer within the network and simultaneous Internet 
access. The company provides all dedicated VSAT ser-
vices for demanding customers: VSAT Private Network, 
broadcasting services, SCPC/SCPC, SCPC/DVB, MESH 
services, STAR/DAMA, VSAT Mini Hub Solution and 
VNO.

“We provide secure and encrypted satellite connections 
particularly for the military sector, for any military units, 
literally in any part of the world, on the national firing 
ground and during all international trainings,” said Frack-
iewicz. “We have mobile and stationary solutions dedicated 
to work in difficult conditions.” 

TS2 satellite services are used by the US Department 
of State, the United States Marine Corps (USMC), the US 
Army Corps of Engineers, the Australian Defense Force 
(ADF), the Command of the Polish Navy, the Air Force 
Institute of Technology, Lockheed Martin Information 
Technology, Halliburton Energy Services, KBR, Gen-
eral Dynamics Information Technology, General Atomics 
Aeronautical Systems, L-3 Communications Vertex Aero-
space, and the US Naval Research Laboratory.

The TS2 staff is monitoring the performance of the 
satellite network 24 hours a day, in order to enable imme-
diate help in case of breakdown or receipt of alert. Due to 
technical conditions and favorable weather, the Teleport 
is located in Jeddah, Saudi Arabia. Therefore, the signal 
from the aerial is not disturbed by the weather conditions 
and all connection users of TS2 receive services of the 
highest availability. The Teleport configuration is fully re-
dundant and the services are also available on the national 
market.

Final Lockheed 

Martin-built GPS 

Satellite Begins 

Operations

The last in a series 
of eight modernized 

Global Positioning System 
IIR (GPS IIR-M) satellites 
built by Lockheed Martin 
has been declared opera-
tional by the US Air Force 
for military and civilian 
navigation users around 
the globe. The satellite, 
known as GPS IIR-21(M), 
was launched successfully 

from Cape Canaveral Air Force Station on August 17th. 
Lockheed Martin’s operations team assisted the Air 
Force with the launch and early on-orbit maneuvers. 

“The team once again executed a smooth and disci-
plined on-orbit deployment and checkout of all space-
craft systems and we are extremely pleased to have 
another high-performance GPS IIR-M satellite in our 
robust constellation,” said Col. Dave Madden, the US 
Air Force GPS Wing Commander. “I salute the entire 
government-industry GPS IIR-M team for their talent 
and determination to provide advanced navigation accu-
racy and reliability for GPS users worldwide.”

Lockheed Martin and its navigation payload provider 
ITT of Clifton, NJ designed and built 21 IIR spacecraft 
and subsequently modernized eight of those spacecraft 
designated Block IIR-M. Each IIR-M satellite includes 
a modernized antenna panel that provides increased sig-
nal power to receivers on the ground, two new military 
signals for improved accuracy, enhanced encryption and 
anti-jamming capabilities for the military, and a second 
civil signal that will provide users with an open access 
signal on a different frequency.

“Reaching this milestone is a critical step in the mis-
sion to provide advanced position, timing and navigation 
capabilities for the warfighter and civil users,” said Don 
DeGryse, Lockheed Martin’s Vice President of Naviga-
tion Systems. “The successful launch and operational 
turnover is a testament to the capabilities of our entire 
GPS team. Working together with our Air Force partner 
is a source of tremendous pride for Lockheed Martin.”

GPS provides essential services including situational 
awareness and precision weapon guidance for the mili-
tary. It is also an information resource supporting a wide 
range of civil, scientific and commercial functions— 
from air traffic control to the Internet—with precision 
location and timing information. 

Building upon a legacy of providing progressively 
advanced spacecraft for the current GPS constellation, 
Lockheed Martin, along with ITT Corp. and General 
Dynamics, will produce the next generation of global 
positioning satellites, designated GPS III. This program 
will improve position, navigation and timing services for 
the warfighter and civil users. 

The team is progressing on-schedule in the Critical 
Design Review (CDR) phase of the program and is on 
track to launch the first GPS IIIA satellite in 2014.

Headquartered in Bethesda, MD, Lockheed Martin 

Defense news
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Northrop Grumman 

to Continue 

Development of 

GPS-free Inertial 

Navigation System

Northrop Grumman 
Corp. has received a 

contract modification 
from the US Department 
of Defense to further 
demonstrate a revolution-
ary advance in inertial 
navigation. The demon-
stration project makes use 
of traditional electro-op-
tic (EO) cameras, atomic 
clocks, and advanced vi-

sion processing technologies to provide inertial naviga-
tion system (INS) updates to aircraft, ground vehicles 
and ground troops without the need for continuous 
Global Positioning System (GPS) input to maintain 
precise position and time.

Called LEGAND, for LADAR EO GPS/INS atomic 
clock navigation demonstration, the project aims to pro-
vide ground troops, aircraft, and ground vehicles the ca-
pability to maintain precision navigation in places not 
currently possible due to challenged or denied access to 
GPS, thus sustaining their operations. The LEGAND sys-
tem processes visual motion observations to provide INS 
updates while the atomic clock maintains time synchroni-

zation, providing users precision navigation while rapidly 
re-acquiring partial or complete GPS input. 

“When GPS access is denied, our warfighters in ur-
ban or indoor environments are often unable to main-
tain mission engagement. This inability to update the 
inertial navigation system with GPS causes a gradual 
loss of its precision navigation capability, resulting in 
mission degradation or cancellation,” said Gorik Hosse-
pian, Vice President of Navigation and Positioning 
Systems for Northrop Grumman’s Navigation Systems 
Division. “This translates into less time focused on po-
tential hostile targets of interest.” 

Hossepian noted that LEGAND’s small size, weight 
and power requirements make it highly adaptable to 
current unmanned aircraft and will provide ground 
commanders critical battlespace awareness. “The in-
novative inertial navigation system can also benefit 
individual soldiers operating in remote areas on the 
ground,” he added. 

Two successful studies of the core LEGAND tech-
nologies were completed by Northrop Grumman in 
September 2008 and February 2009 and the current 
demonstration hardware development phase funded 
by this contract modification is expected to continue 
through September 2010.
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cations, which can be further developed by standardiza-
tion groups such as ETSI and 3GPP™ as formally adopted 
standards for European or global use.

At the first meeting of ISG INS, Amardeo Sarma 
(NEC) was elected as Chairman and Ricardo Pereira 
(Portugal Telecom) and Peter Scholta (Deutsche Tele-
com) as Vice-Chairmen. Membership of the group cur-
rently consists of two network operators (Deutsche 
Telekom and Portugal Telecom), two manufacturers 
(NEC and Nokia Siemens Networks) and two technical 
institutes (Fraunhofer Institute and Waterford Institute 
of Technology). This membership is expected to grow 
rapidly, as participation is open to all ETSI members, as 
well as to non-members of ETSI subject to signature of 
a participation agreement.  

ITU, Inmarsat 

and Vizada Take 

Emergency Action 

The International Tele-
communication Union 

(ITU), Inmarsat and Viza-
da SAS have reached an 
agreement to improve 
emergency communica-
tions for disaster prepared-
ness and to coordinate re-
lief activities in the 
aftermath of a disaster.

Inmarsat and Vizada 
provide satellite-based solu-

tions that are critical in supporting activities aimed at help-
ing countries better respond to disasters and have agreed 
to donate 70 BGAN mobile satellite terminals, highly por-
table devices capable of delivering voice and broadband 
data, to the ITU. 

The equipment will enhance the ITU’s capacity in de-
ploying mobile telecommunications to assist countries in 
preparing for disaster and in strengthening response and 
recovery mechanisms. As part of the agreement, the two 
companies will also provide the ITU with preferential air-
time rates and technical training support.

The agreement supports the ITU’s recently launched 
global initiative that seeks to bring together partners from 
all domains to cooperate towards disaster mitigation through 
the use of information and communication technologies.

Linear Technology 

and C-MAC 

MicroTechnology 

Partner

C-MAC MicroTechnolo-
gy and Linear Technol-

ogy Corp. have formed a 
strategic partnership to pro-
vide the European, Cana-
dian and Asian space mar-
kets with space qualified 
radiation hardened (rad-
hard) monolithic devices 
and hybrid modules. This 
key partnership forms part 
of C-MAC’s strategy for 

growth within the space market following its accreditation 
to MIL-PRF-38534 Class K in 2007. 

InternatIonal report

GSMA Initiative 

Aims to Save Lives in 

Europe

The GSMA, the body rep-
resenting the worldwide 

mobile communications in-
dustry, has signed a Memo-
randum of Understanding 
(MoU) to secure the de-
ployment of a single, in-ve-
hicle emergency call ser-
vice, known as eCall, across 
Europe.  

eCall is an emergency 
call generated either manu-

ally by vehicle occupants or automatically via in-vehicle 
sensors in an emergency situation. When activated, the 
eCall system establishes a voice connection with the emer-
gency services. At the same time, it sends the critical data 
including time, location, direction of travel and vehicle 
identification, to speed response times by the emergency 
services. 

The MoU creates a framework for the introduction of 
eCall and is designed to encourage co-operation between 
vehicle manufacturers, telecommunications operators, the 
European Commission and the EU Member States, to-
gether with other relevant parties such as the insurance in-
dustry, automobile clubs and other industry partners. eCall, 
like emergency calls, will be offered free of charge to users.  
In addition to the free eCall service, vehicle manufacturers 
and service providers can provide additional commercial 
services to supplement eCall.

According to the European Commission’s research, a 
service such as eCall can save up to 2,500 lives every year, 
reduce the severity of injuries by 10 to 15 percent and re-
duce emergency response times by up to 50 percent in ru-
ral areas and 40 percent in urban centres.  

New ETSI Industry 

Group Searches for 

Identity

The European Telecom-
munications Standards 

Institute (ETSI) has an-
nounced the creation of the 
ETSI Industry Specifica-
tion Group for ‘Identity and 
access management for 
Networks and Services’ 
(ISG INS) to develop a 
common industry view 
on Identity Management 
(IdM) protocols and archi-

tectures, relating mainly to networks and services for the 
Internet of the future. 

The Group will focus on architectures and protocols 
that are the key to new networks and services by capturing 
the results of IdM research and development activity and 
formulating an industry consensus. 

Much of the input to the group will be derived from 
European Union 7th Framework Project (FP7) R&D ac-
tivities on Identity Management with a specific focus on 
networks and services,  languages for access control and 
privacy policies. The Industry Specification Group plans to 
create a series of commonly agreed Europe-wide specifi-

Richard Mumford, International Editor



50  MICROWAVE JOURNAL n NOVEMBER 2009

The company will assemble, test and qualify Linear 
Technology’s rad-hard (RH) die in a new range of package 
outlines at its plant in Great Yarmouth, UK. This relation-
ship will combine C-MAC’s vast range of microelectronic 
packaging and test services with Linear’s state-of-the-art 
portfolio of high performance analogue integrated circuits. 
Thus, for the first time, customers outside the US will be 
able to purchase high reliability, space grade monolithic 
and multichip modules incorporating Linear’s RH IC de-
signs from a European manufacturer. 

The product range will be available with qualification 
to ESA’s ECSS-Q-ST-60-5C hybrid procurement specifica-
tion or to MIL-PRF-38534 Class K and will undergo radia-
tion testing for total dose accumulation and single event 
effects. The two companies combine a wealth of design 
and manufacturing expertise in microelectronic technol-
ogy and this partnership confirms their position at the fore-
front of space grade microelectronic solutions.

VTT Provides 

Roadmap for Centre 

of Excellence

A centre of excellence for 
printed intelligence is 

to be built in the Navarre 
region in Spain and the 
VTT Technical Research 
Centre of Finland is deliv-
ering a roadmap study on 

printed intelligence to the Asociación de la Industria Na-
varra for this purpose. The study outlines what kind of ex-
pertise will be required for research and development in 
printed intelligence in the future and what kind of applica-
tions are to be expected in the selected branches of indus-
try. The new centre of excellence is expected to generate 
significant new business while supporting sectors in which 
the region is already strong.

For the Asociación de la Industria Navarra, the road-
map offers a comprehensive and multi-dimensional 
operating guide. It features three future scenarios for 
each of the selected sectors, a listing of the technologies 
that best fit each of these scenarios and their feasibility 
for commercial use. The roadmap has been prepared 
by a team of experts at VTT with an exceptionally broad 
range of cross-discipline expertise enabling the gauging 
of the potential and practical applications of the tech-
nology. 

Development has also been pursued in cooperation 
with local experts. The final stage of the project started 
in August with the selection of the principal technologies 
to be developed and their practical applications, together 
with the securing of the expertise necessary for their devel-
opment. A total of €4.2 M has already been invested in the 
building of the centre. A total of €900,000 will be invested 
in equipment up until 2010 and the operating budget for 
2011 will be €1.1 M.
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802.11n in new products. Consequently, 802.11n will ship 
in more than half of all Wi-Fi systems by the end of 2010,” 
says Christopher Taylor, Director of the RF and Wireless 
Components service.

Not only will 802.11n quickly replace 802.11g, but as 
Wi-Fi continues to proliferate in new devices and applica-
tions, multi-stream MIMO configurations of 802.11n (that 
is 2x2, 3x3 and 4x4, transmit x receive) will rapidly grow in 
support of demand for greater range, faster file transfers 
and streaming multimedia in many of these applications. 
Taylor notes, “According to the Strategy Analytics forecast 
model, which considers MIMO stream adoption rates by 
application, 802.11n will push the Wi-Fi power amp mar-
ket to almost $1 B over the next five years.”

SiGe Semiconductor has established a firm lead in pow-
er amplifiers despite increasing competition from GaAs PA 
module specialists such as Skyworks, RFMD, TriQuint and 
Anadigics. “A relatively small and nimble company, SiGe 
Semiconductor owes much of its success to concentrating 
its resources almost exclusively on Wi-Fi PA modules,” 
notes Asif Anwar, Director of the Strategy Analytics GaAs 
and Compound Semiconductor market research service.

Strategy Analytics has published its latest findings on 
WiFi and Wi-Fi power amplifiers and ICs in two reports: 
”Wi-Fi Radio Component Forecast 2009—2013: New Ap-
plications & MIMO Drive Growth,” and “Wi-Fi Radio 
Component Vendor Share and Outlook: Broadcom & SiGe 
Semi Positioned to Maintain Leads,” both published by 
the Strategy Analytics RF & Wireless Components mar-
ket research service. The historical and projected data in 
the forecast report is also available in EXCEL format as a 
spreadsheet.

 Top EMS/ODM 

Vendors Gain 

Stability

Following alarming reve-
nue plunges in late 2008 

and early 2009, the global 
electronics contract manu-
facturing business showed 
signs of stabilization in the 
second quarter, with the top 
players experiencing a col-
lective return to growth, ac-
cording to iSuppli Corp.

Based on a review of 
second-quarter sales data, 

the Top-10 Electronics Manufacturing Service (EMS) pro-
viders achieved revenue growth of 1.6 percent compared 
to the first quarter. While this may not appear to be much 
of an increase, it represents a dramatic swing from the 25 
percent sequential revenue contraction in the first quarter. 
The Top-10 Original Design Manufacturers (ODM) per-
formed much better, with second-quarter revenue rising 
by 12 percent compared to the first quarter. This contrasts 
with a 14 percent sequential decline in the first quarter.

“The year 2009 could not have started any worse for 
contract manufacturers,” said Adam Pick, director and 
principal analyst for EMS/ODM at iSuppli. “However, 
during the second quarter, senior managers at EMS and 
ODM companies hinted that performance was stabilizing 

 Military Spending 

and GaN 

Driving Power 

Semiconductor 

Markets

Although the spending on 
RF power semiconduc-

tors in wireless infrastruc-
ture markets has continued 
to stagnate, other markets—
notably the military—are 
seeing increased activity. 
Also, according to a new 
study from ABI Research, 
gallium nitride—long seen 
as a promising new “material 
of choice” for RF power 

semiconductors—is finally starting to gain some market 
traction. The research indicates that total available market 
for RF power semiconductors in 2009 approaches $1 B.

“Gallium nitride (GaN) has markedly increased its mar-
ket share in 2009 and is forecast to be a significant force 
by 2014,” notes ABI Research Director Lance Wilson. “It 
bridges the gap between two older technologies, exhibit-
ing the high-frequency performance of gallium arsenide 
combined with the power handling capabilities of silicon 
LDMOS. It is now a mainstream technology which has 
achieved measurable market share and in future will cap-
ture a significant part of the market.”

The vertical market showing the strongest uptick in the 
RF power semiconductor business has been the military, 
which Wilson describes as being “now a very significant 
market.” While the producers of these devices are located 
in the major industrialized countries, the military market 
is now so global that end equipment buyers can be from 
anywhere. 

“RF Power Semiconductors” examines RF power semi-
conductor devices that have power outputs of greater than 
5 W and operate at frequencies of up to 3.8 GHz, which 
represent the bulk of applications in use today. The last 
study ABI Research published on this topic appeared late 
in 2007. 

With the current release, analysis of the six main verti-
cal segments (wireless infrastructure; military; industrial, 
scientific and medical (ISM); broadcast; commercial avi-
onics and air traffic control; and non-cellular communica-
tions), which was previously subdivided into 24 sub-seg-
ments, is expanded to 29 sub-segments. This study is part 
of the firm’s Semiconductors Research Service, which also 
includes other Research Reports, Market Data, ABI In-
sights and analyst inquiry support. 

 Power Amp Market 

to Double with 

Multi-stream MIMO

Adoption of 802.11n 
MIMO with multiple 

transmit streams will help 
boost the market for Wi-Fi 
power amplifier modules to 
twice its 2008 size despite 
continued pricing pres-
sure. “As prices for single-
stream 802.11n (1x1) chips 
dropped to match 802.11g, 
OEMs have quickly begun 
to switch from 802.11g to 
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as demand fi rmed, cost structures adjusted and invento-
ry decreased. iSuppli’s research confi rms that the market 
did regain its footing in the second quarter. Despite these 
positive signs, it is still too early to celebrate an electronics 
manufacturing recovery. Several factors continue to cloud 
the outlook for EMS/ODM.”

One major factor is the global recession, which remains 
severe. Although revenue is rising on a sequential basis, the 
effects of the economic downturn can still be seen when 
making a year-over-year comparison. Second-quarter rev-
enue for the Top-10 EMS providers was down 15 percent 
from 2008, and sales remain signifi cantly lower than the 
normal seasonal pattern. Quarterly revenue for the Top-10 
EMS providers, compared to a year earlier, has performed 
dismally since the fourth quarter of 2008.

Furthermore, certain OEMs are adopting strategic and 
recessionary manufacturing strategies, hindering growth 
for contract manufacturers. As evidenced by the moves of 
Nokia and NCR, some OEMs are taking back manufactur-
ing operations from their outsourcing providers. For ex-
ample, iSuppli estimates that Nokia has reclaimed as much 
as $5 B worth of spending from its EMS/ODM partners 
during this recession.

Other OEMs are acquiring assets from EMS providers 
to ensure continuity of supply. OEM Ericsson has taken 
this action with contract manufacturer Elcoteq.

Another market inhibitor is overcapacity, which contin-
ues to plague contract manufacturers by pressuring mar-

gins. Finally, ongoing shortages for devices, including opti-
cal disk drives and display panels, are negatively impacting 
the electronics supply chain in Taiwan and China. To adjust 
to these market realities, managers at EMS/ODM fi rms 
are taking appropriate actions to right-size their cost struc-
tures and to collaborate with OEMs and suppliers to estab-
lish realistic expectations for the future. Wall Street also 
has corrected its expectations for the contract manufac-
turing market, with the industry’s second-quarter results 
conforming with or slightly exceeding fi nancial analysts’ 
expectations. However, four of the Top-10 EMS providers 
failed to improve revenues on a sequential basis during the 
second quarter. Furthermore, when Foxconn’s sales are 
excluded, revenues of the Top-10 EMS providers actually 
contracted in the second quarter on a sequential basis.

Finally, when examining forward-looking guidance 
against historical datasets, it is apparent that a true bot-
toming out of the market remains elusive for some EMS 
providers. Despite the various adjustments that EMS pro-
viders have had to make, a resurgence of notebook and 
netbook orders to the ODMs has inspired bullish senti-
ment among a number of companies, including Quanta, 
Compal, Wistron and Inventec. Even with component 
shortages and lackluster guidance from Hewlett-Packard, 
Lenovo and Dell, certain ODMs have suggested that sec-
ond-half shipments will greatly outpace fi rst-half produc-
tion given macroeconomic trends and the introduction into 
the market of products with new features.
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Around the CirCuit

INDUSTRY NEWS

 n TriQuint Semiconductor Inc., an RF front-end 
product manufacturer and foundry services provider, an-
nounced its acquisition of TriAccess Technologies, a 
provider of Cable TV (CATV) and Fiber-to-the-Premise 
(FTTP) integrated circuits for the amplification of high 
quality multimedia content, effective immediately. Previ-
ously, TriQuint served as TriAccess’ foundry supplier. In 
related news, TriQuint announced it has signed a memo-
randum of understanding (MOU) with Huawei, a leader 
in providing next-generation telecommunications network 
solutions for operators around the world, to supply driver 
amplifiers and related products for new optical transport 
systems. As a strategic partner, TriQuint will work closely 
with Huawei to develop higher-speed and wider-band-
width network solutions with lower power consumption 
for operators worldwide. TriQuint was selected due to its 
comprehensive product portfolio and green technologies. 
In addition to the MOU, the product development road-
maps of both TriQuint and Huawei will be aligned to en-
hance the competitiveness of their products. 

 n The power of one multi-intelligence aircraft collecting, 
correlating then distributing diverse types of intelligence 
to those who needed it was demonstrated by Lockheed 
Martin during the US Army’s C4ISR On-The-Move exer-
cise. Lockheed Martin’s Airborne Multi-intelligence Labo-
ratory (AML) demonstrated how its onboard sensors, in-
teracting with the Army’s intelligence and battle command 
enterprises can dramatically improve the speed and quality 
of situational awareness available to friendly forces.

 n Agilent Technologies Inc. announced that Simplay 
Labs in Shenzhen, China, has selected Agilent’s HDMI 
test solution for source, sink and cable certification at its 
new test center opening there this month. This purchase 
continues the long-term relationship between Simplay 
Labs and Agilent to further develop devices for current 
and future HDMI technology standards. The test center 
at Simplay Labs is designed to promote industry-wide 
interoperability among products using HDMI and High-
bandwidth Digital Content Protection (HDCP).

 n RF Micro Devices Inc. (RFMD), a leader in the de-
sign and manufacture of high-performance semiconduc-
tor components, announced that it has successfully dem-
onstrated industry-leading reliability performance with its 
high-power Gallium Nitride (GaN) process technology.

 n Janco Electronics Inc. (JEI) is now certified for ISO 
13485:2003. ISO 13485:2003 is a quality-management stan-
dard for medical device manufacturing developed by the 
International Organization for Standardization. ISO 13485 
certification will ensure that JEI has the required level of 
Quality Management systems in place to properly service 
the medical electronics services industry. It covers funda-

mental Good Manufacturing Practice (GMP) principles, 
which apply during the manufacture of medical devices.

CONTRACTS

 n The US Department of Defense announced that Aero-
flex won a five-year, $40.5 M contract with the US Marine 
Corps to supply Ground Radio Maintenance Automatic 
Test Systems (GRMATS). For this contract Aeroflex will 
supply its newly developed test platform, the 7200 Con-
figurable Automated Test Set (CATS). The 7200 is a com-
mercial off-the-shelf (COTS) platform for testing software-
defined radios, including military tactical radios and other 
high technology devices.

 n Tektronix Inc., a provider of test, measurement and 
monitoring instrumentation, announced it has won a con-
tract award from the US Navy to supply Digital Phosphor 
Oscilloscopes (DPO). The $10.75 M contract has a Best 
Estimated Quantity (BEQ) of 5000 units over a five-year 
period. The Naval Inventory Control Point (NAVICP), the 
Navy’s primary equipment purchasing and inventorying 
agent for the Naval Supply Systems Command (NAVSUP), 
will use the Tektronix 100 MHz, 2-channel TDS3012C 
oscilloscopes for its General Purpose Electronic Test 
Equipment (GPETE) program. This contract follows two 
similar oscilloscope programs awarded by the US Navy in 
recent years—100 MHz, 2-channel TDS3012B (six-year 
program) and the 500 MHz, 4-channel TDS5054B oscil-
loscopes (five-year program). 

 n Channel Microwave Corp. has recently been awarded 
$3.1 M in contracts for components and subsystems used for 
military and homeland defense applications. These contracts 
will be completed next year with expected follow-on orders.

 n MicroWave Technology Inc. (MwT Inc.), Fremont, 
CA, a wholly owned subsidiary of IXYS Corp., announced 
that it has been awarded a contract from BAE Systems 
with total amount over $2.5 M. MwT has been a well 
known supplier to the military and defense industry for the 
past 25 years. MwT manufactures high performance and 
high quality microwave semiconductor devices, MMICs, 
modules and subsystems for wireless communication in-
frastructure, defense, industrial and medical equipment 
applications. The contract that MwT has won consists of 
a large volume of custom connectorized microwave ampli-
fiers with military electrical specifications and high reliabil-
ity requirements. 

 n Skyworks Solutions Inc., an innovator of high reli-
ability analog and mixed signal semiconductors enabling a 
broad range of end markets, announced that Samsung is 
leveraging both quad-band GSM/EDGE and next-gener-
ation WCDMA front-end solutions to power a variety of 
new 3G smart phones including the Pixon12, a 12 megapix-
el touchscreen camera phone. Skyworks has also secured 
EDGE and WCDMA power amplifier design wins for 
more than 15 additional Samsung smart phones currently 
in production.
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AROUND THE CIRCUIT

  Rohde & Schwarz America announced that it has re-
ceived a contract from the US Naval Inventory Control 
Point (NAVICP) in Mechanicsburg, VA, for the purchase 
of 800 R&S SMB100N analog signal generators over a fi ve-
year period. The instruments will replace existing instru-
ments throughout the Navy, and will also be available for 
purchase by other government agencies as well as defense 
contractors through NAVICP along with various options if 
desired.

  Strand Marketing has been awarded a contract to 
manage the rebranding strategy of a leading digital and RF 
component manufacturer, LNX Corp. of Salem, NH, and 
related procurement business, Solynx. The contract calls 
for new corporate logos, websites and brochures. 

  RFaxis, a fabless semiconductor company focused on in-
novative, next-generation RF solutions for the wireless and 
connectivity markets, announced that Helicomm Inc. has 
chosen RFaxis’ RF Front-end Integrated Circuits (RFeIC) 
and embedded antennas for integration into its family of 
Zigbee and other wireless networking modules.

  HRL Laboratories LLC announced it has received 
Phase 2 funding to continue developing the Cognitive 
Technology Threat Warning System, or CT2WS. Fund-
ed by the Defense Advanced Research Projects Agency 
(DARPA), the goal of the CT2WS program is to improve 
warfi ghter situational awareness in a variety of operations, 
including reconnaissance, surveillance and standard infan-
try tactical fi ghting.

NEW MARKET ENTRY

  Fujitsu Microelectronics America Inc. (FMA) has 
entered the mobile phone RF transceiver market with 
commercial production of a new highly integrated trans-
ceiver module supporting 3GPP WCDMA/EGPRS wire-
less phones. The MB86L01A is the industry’s fi rst multi-
mode transceiver to eliminate 3G TX and RX inter-stage 
SAW fi lters and low noise amplifi ers (LNA). The transceiv-
er features a high-level programming model for control-
ling the radio using an open standard digital interface (3G 
DigRF/MIPI), which is compatible with a wide range of 
industry basebands. The MB86L01A is available in volume 
shipments now.

PERSONNEL

  TRAK Microwave Corp., a Smiths Interconnect busi-
ness, appointed Rick Walsh as Senior Staff Engineer, 

Technical Business Development. 
Walsh joins TRAK Microwave from 
Tampa Microwave, where his last posi-
tion was Vice President of Engineering. 
Prior to that appointment, he spent 15 
years at TRAK Microwave in various po-
sitions including Director of Business 
Development for Time and Frequency 

  Rick Walsh
Systems. Walsh has over 30 years of ex-
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Around the CirCuit

perience in the RF/microwave industry, including design 
engineering, business development and operations.

REP APPOINTMENTS

 n Crystek has been named the exclusive franchise 
USA distributor of Rubidium and GPS Time Sources 
from AccuBeat of Israel. AccuBeat’s line of Frequency 
Standards provide precision signal timing for applica-
tions such as test and measurement equipment, military 
and satellite communications, and wireless technology. 
Crystek is offering four AccuBeat models: two Rubid-
ium Frequency Standards and two GPS-Disciplined 
Rubidium Frequency Standards, in a number of con-
figurations.

 n Reactel Inc., a manufacturer of RF and microwave 
filters, multiplexers, switched filter banks, and sub-
assemblies to the commercial, military, industrial, and 
medical industries, announced the appointment of J/34 
MICROWAVE as the company’s exclusive representa-
tive in Pennsylvania. For more information about J/34 
MICROWAVE, please telephone Jim Shea at (443) 
340-7705.

 n Asymtek, a Nordson company and leader in dispens-
ing, coating and jetting technologies, announced a new 
manufacturer’s representative company to provide sales, 
technical expertise, service, parts, and support for Asym-
tek’s dispensing and coating products in Mexico—the Rich 
Sales Co. Rich Sales has 30 years of experience represent-
ing manufacturers throughout Mexico. They have eight 
outside sales engineers covering Mexico along with four 
service personnel to support Asymtek’s Mexican’s installa-
tion base. With its highly trained technical team, Rich Sales 
is able to help Asymtek customers find the best solution for 
their dispensing and coating applications.  

WEB SITE

 n AWR Corp., a leader in high frequency EDA, and 
Modelithics Inc., a premier provider of precision mea-
surements and models for RF and microwave design 
simulation, announced that a one-click option enabled on 
the AWR web site for trial evaluation requests for AWR’s 
Microwave Office® software now also includes Model-
ithics’ highly accurate active and passive model libraries. 
This cooperative partnering gives microwave designers the 
opportunity to use Modelithics’ active and passive simula-
tion models on a trial basis and see how they can impact 
their designs from within AWR’s Microwave Office design 
environment. The Modelithics libraries are available for 
a growing number of components and ICs from various 
manufacturers, ranging from passive components to non-
linear diode and transistor models, and shortly, system-
level components.
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RF modules

3dB 90° hybrid and 20dB directional couplers now
available covering 0.25 to 6.0GHz in support of
military radio, counter-IED, and other defense
applications – from the company that introduced
the industry’s first, Xinger®-brand multilayer stripline
coupler to the commercial wireless market. Email
space&defensemktg@anaren.com to learn more.

Mil-spec and space-qualified design-to-spec or build-
to-print RF module solutions now available. Choose
from LTCC or metal hermetic packaging – and benefit
from our world-class microwave engineering, testing
resources, and a wide range of advanced manufacturing
techniques (chip & wire, flip chip, BGA, more).
Email sales@mskennedy.com to learn more.
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for CTE constrainment, thermally demanding applications,
extreme/unique HDI structures, RF manifolds, and more.
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bonding; embedded components; RF connector attach;
LDI, YAG laser etching, and laser sculpting/profiling;
active cavity; composite and hybrid packages; more.
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high-performance mil-spec
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> Modules & assemblies –
hybrid modules, complex
PWB assemblies, IMAs

> Complex microwave sub-
systems – in support of EW,
airborne/ground-based radar,
or communications platforms

Looking for the next micro-
wave technology, footprint, per-
formance, or cost breakthrough?
Email, call, or visit our website
for our free capabilities overview
and to schedule an introductory
presentation.
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Cover Feature

Design of a  
Dual-banD Wilkinson 
PoWer DiviDer With 
banDWiDth enhancement
A novel Wilkinson power divider without additional lumped and distributed 
elements other than a single resistor for a dual-band operation is presented in 
this article. In this design, the measured bandwidth of the proposed structure can 
be enhanced for small band-ratios. The formulas used to determine the design 
parameters are given. Both simulated and measured results of the dual-band 
Wilkinson power divider are presented to validate the design approach and the 
derived equations. 

Power dividers are very important compo-
nents in microwave and millimeter-wave 
circuits. In recent years, there has been 

increasing demand for dual-frequency equip-
ment due to the development of multiband 
technologies. Various power dividers operating 
at two or more frequencies based on lumped 
and distributed elements have been report-
ed,1-5 but they use increased circuit complexity 
and introduce parasitic effects. In this article, 
a novel design of a dual-band Wilkinson power 
divider, without additional lumped and distrib-
uted elements other than a single resistor, is 
presented. Moreover, the designed structure 
can enhance the bandwidth for small band-ra-
tios. The two frequency bands of operation are 

selected by varying the electrical 
lengths and impedance values 
of three transmission lines. The 
proposed circuit also features a 
simple structure with realistic 
impedance values and a distrib-
uted design with reduced para-
sitic effect. The design param-
eters of the dual-band power di-

vider are presented in explicit closed form. The 
validity of this analysis is confirmed through 
the design, simulation and experimental results 
for a power divider operating at 1 and 2.5 GHz.

THEORY AND DESIGN EQUATIONS
Figure 1 shows the schematic representa-

tion of the proposed Wilkinson power divider 
for dual-band operation. The proposed imped-
ance transformer, which is composed of two-
section transmission lines and a shunt element, 
is depicted in Figure 2. Mathematically, the 
Z-parameters of this half-circuit can be derived 
as: 
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Xidian University  
Shaanxi, People’s Republic of China
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s Fig. 1  Schematic of a dual-band Wilkin-
son power divider.
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Figure 3 shows the transmission 
line impedances versus the band-ratio 
ƒ2/ƒ1 of the dual-band operation. It is 
observed that the designed power di-
vider can easily operate at frequency 
ratio ranging from 2.3 to 2.74 with 
normalized line impedance from 0.6 
to 2.4.

EXPERIMENT
A dual-band Wilkinson power di-

vider prototype has been fabricated 
on a substrate with a dielectric con-
stant εr = 2.65 and a thickness h = 1 
mm for operation at 1 and 2.5 GHz. 
The impedances at all ports are 50 Ω. 
Based on the design formulas, the im-
pedance values of ZA, ZB, ZC can be 
determined as ZA = 88.7 Ω, ZB = 113 
Ω and ZC = 49.3 Ω, respectively, with 
electrical lengths θ1 = θ2 = 0.29π.

The model simulation was per-
formed with HFSS software and the 
measured data are obtained with a 
Wiltron 37269A network analyzer. 
Figure 4 shows the photograph of the 
designed power divider, which has an 
area of 72  51.28 mm.

The measured performance of the 
designed power divider is shown in 

where M2, M3 and M4 are defined 
as:

 

M2 =
cosθ1 j2ZA sinθ1

j sin θ1 / 2ZA cosθ1

⎛
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⎞

⎠⎟
(3)

M3 =
cosθ2 jZB sinθ2

j sinθ2 / ZB cosθ2
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1 0
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⎛

⎝⎜
⎞

⎠⎟
(5)

Subsequently, these expressions 
can be simplified as

 

ZA = ±ZT

sinθ1

cosθ2

(6)

Y =
cos(θ1 + θ2 ) cos(θ1 − θ2 )

±ZT cosθ1 cosθ2

(7)

Since θ1 and θ2 are both functions 
of the two operating frequencies ƒ1 
and ƒ2 (ƒ2>ƒ1), θ1 and θ2 can be ex-
pressed as
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Consequently, the corresponding 
design parameters can be calculated 
by the following formulas:

 

ZA = 2Z0ctg
π

2
R − 1
R + 1

(10)

ZB = 2Z0 tan
π

2
R − 1
R + 1

(11)

Zc =
Z0

2

tanπ
R − 1
R + 1
2

tan2 π

2
R − 1
R + 1

(12)

s Fig. 2  Proposed dual-band transformer 
structure.
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at 2.5 GHz; S31 values are 3.08 dB at 1 
GHz and 3.36 dB at 2.5 GHz. The iso-
lation between ports 2 and 3 is more 
than 20 dB at 1 GHz and 16.88 dB at 
2.5 GHz.

The designed power divider also 
improves the bandwidth for small 
band-ratios. The measured bandwidth 
is 240 MHz for S11, S22, S33 and S32, 
all better than 20 dB. The theoreti-
cal bandwidth proposed by Park6 is 
less than 60 MHz. The bandwidth en-
hancement using the proposed meth-
od becomes more pronounced as the 
band-ratio decreases.

CONCLUSION
This article presents a novel dual-

band Wilkinson power divider with-
out additional lumped and distrib-
uted elements other than a single 
resistor. The design procedure and 
closed-form equations are described. 
Good agreement between the simu-
lated and measured results has been 
observed. The proposed structure 
can enhance the bandwidth as the 
band-ratio decreases. This simple 
topology makes the proposed circuit 
suitable for dual-band application, 
which will be more in demand in the 
near future. n
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Figure 5. There is good agreement 
between the simulated and measured 
results with the dual-band operation 
at 1 and 2.5 GHz. The input return 
loss is 30.39 dB at 1 GHz and 15.01 
dB at 2.5 GHz. The measured S21 val-
ues are 3.06 dB at 1 GHz and 3.28 dB 

s Fig. 5  (a) Input return loss, (b) output 
return loss, (c) transmission loss and (d) isola-
tion.
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MetaMaterial-based 
CoMpaCt Multilayer 
Filter with skew-
syMMetriC Feeds
Split-ring resonator (SRR) metamaterials are introduced in the design of a 
multilayer filter. Considering the electric coupling to the magnetic resonance, 
careful examination of the SRR orientations to the external stimulation is 
presented through full wave analysis. With the skew-symmetric feed scheme, 
the compact multilayer filter has a center frequency of 6.07 GHz and 7 percent 
fractional bandwidth with two transmission zeros at 5.79 and 7.1 GHz. 
Compared with a conventional microstrip filter, the proposed filter shows a 
significant size reduction and improved selectivity.

Microwave filters are essential compo-
nents in modern wireless communi-
cations systems. It is important to re-

duce their size and weight in order to integrate 
them with other components in a single chip 
system.1 A main trend in filter design is a multi-
layer filter, which has a much better quality than 

a planar one.2 At microwave fre-
quencies, a negative permeabil-
ity over a given frequency range 
can be realized in the magnetic 
resonance frequency of a pe-
riodic array of SRRs.3 In this 
article, a multilayer technology 
and an SRR structure are com-
bined for the design of a novel 
multilayer filter. Compared with 
the conventional microstrip fil-
ter, the proposed filter shows 
a significant size reduction and 
improved selectivity. The mea-
sured and simulated results are 
in good agreement.

THEORY
Shown in Figure 1, the SRR is made of two 

concentric rings separated by a gap, both hav-
ing splits at opposite sides. The geometrical 
parameters, such as the split width, gap dis-
tance, metal width and radius are represented 
by d, t, w, and r, respectively. The subscripts 
i and o denote the inner and outer rings. Be-
sides the electric and magnetic coupling, the 
incident field also induces the magnetoelectric 
coupling. An SRR not only has an electric reso-
nance, but also has a magnetic resonance. In 
addition, the magnetic resonance frequency is 
lower than the electric resonance frequency.4
Using the magnetic resonance of the SRR in 
the filter design, a significant size reduction can 
be obtained.

The magnetic resonance of the SRR de-
pends on its orientation with respect to the 

Yongzhong Zhu, Dan Li, Yongjun 
Xie and Rui Yang
Xidian University, Xian Shaanxi, China

70  MICROWAVE JOURNAL n NOVEMBER 2009

s Fig. 1  Split-ring resonator schematic.
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wave propagation of the form exp 
(-iβz'), for case c, which will be used 
in the following fi lter design,

β ε μ

ε ω
ω ω

μ

2

2

0
2 2

2

1

=

= + =

yy xx

yy xxa
b

and

( )

( )

where

–

When εyy < 0, a transmission stop 
band occurs. Through a similar analy-
sis, the other cases can be proved.

DESIGN AND SIMULATION
Figure 3 shows the proposed fi lter, 

which is composed of a three-layer 
medium with the same relative per-
mittivity εr = 2.2 and two SRRs metal 
layers embedded between the medi-
um layers in the same plane but with 
splits laid in opposite directions. The 

external electric fi eld E and the direc-
tion of propagation k, which implies 
six distinct orientations. In the fi rst 
two cases of Figure 2, in which the 
magnetic fi eld penetrates through the 
rings, the magnetic resonance of the 
SRR is excited by the magnetic fi eld. 
The electric fi eld can also excite the 
magnetic resonance when the inci-
dent wave penetrates through the 
rings and the external electric fi eld E 
is parallel to the split-bearing sides.5
However, when the external electric 
fi eld E is rotated perpendicularly to 
the split-bearing sides, no magnetic 
response is produced, as in the two 
cases c and d. In the other two cases, 
the external electric fi eld E penetrates 
through the rings. No magnetic re-
sponse is produced.

To account for the magnetoelectric 
coupling in Maxwell’s equations, the 
SRR metamaterials can be described 
by the constitutive relations6

D = ε0 ε ⋅E+ Z0κ ⋅H( ) (1a)

B = µ0 −
1

Z0

κ
T ⋅E+µ ⋅H

⎛

⎝

⎜⎜⎜⎜

⎞

⎠

⎟⎟⎟⎟⎟
(1b)

with Z0 0 0 ε/� , where ε κ�and 
ε κ� are the relative electric permittiv-

ity and relative magnetic permeability 
tensors, and ε κ� is the magnetoelectric 
coupling dimensionless tensor. For dif-
ferent axes fi xed to the SRR as shown, 
only certain components of ε κ�, ε κ� and ε κ�
tensors are of signifi cance.

Considering the forward plane 

 Fig. 2  Six orientations of the SRR with respect to k, E, H, of the incident TEM fi eld.   
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 Fig. 3  Structure of the two-pole SSR 
fi lter with skew-symmetric feed.
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70-450

70-450

70-450

70-450
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17.5

17.5
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(dB)
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18.8

20

22

22

25.5

P1dB
(dBm)

28

33.5
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36
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OIP3
(dBm)

IF (Intermediate Freq.)

- IF performances at 150 MHz.

Gain Blocks

ASW114

ASW214
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ASW335
- RF performances at 2 GHz.
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Medium Power

ASW338
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- RF performances at 2 GHz.

Freq.
(GHz)

DC-3.0

DC-3.0

DC-3.0

DC-3.0

DC-2.0

DC-3.0

16.5

13.5

13

23.5
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(dB)
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27.5

29.5

29.5

33

32.5

P1dB
(dBm)

45

41

46

46

49

49

OIP3
(dBm)

transmission zeros are obtained near 
the passband at ƒ1= 5.49 GHz and ƒ2
= 7.1 GHz. This structure offers a good 
transmission characteristic and a com-
pact size, which is less than one third of 
the wavelength in free space. From the 
measured data, the two transmission 
zeros, 5.53 and 6.96 GHz, are found 
in the passband response of the fi lter. 
Good agreement can be observed be-
tween the simulated responses and 
measured results.

CONCLUSION
In this article, the relationship be-

tween the magnetic resonance of an 
SRR and its orientation relative to the 
incident wave has been analyzed. A fi l-
ter using two resonators with compact 
size, low insertion loss and sharp-re-
jection has been successfully designed. 
Furthermore, with the skew-symmet-
ric feed structure, transmission zeros 
can be achieved. Good agreement 
between measured and simulated data 
has been demonstrated. 

ACKNOWLEDGMENT
This work was supported by the 

program for New Century Excellent 
Talents in University (NECT-04-
0950). 

References
1.  W. Menzel, H. Schumacher, W. Schwab 

and X.K. Zhang, “Compact Multilayer 
Filter Structures for Coplanar MMICs,” 
IEEE Microwave and Guided Wave Let-
ters, Vol. 2, No. 12, December 1992, 2, pp. 
497-498.

2.  W.S. Tung, Y.C. Chiang and J.C. Cheng, “A 
New Compact LTCC Bandpass Filter Us-
ing Negative Coupling,” IEEE Microwave 
and Wireless Components Letters, Vol. 15, 
No. 10, October 2005, pp. 641-643.

3.  M. Shamonin, E. Shamonina, V. Kalinin and 
L. Solymar, “Properties of a Metamaterial 
Element: Analytical Solutions and Numeri-
cal Simulations for a Singly Split Double 
Ring,” Journal of Applied Physics, Vol. 95, 
No. 7, April 1, 2004, pp. 3778-3784.

4.  K. Aydin, I. Buly, K. Guven, M. Kafesaki, 
C.M Soukoulis and E. Ozbay, “Investiga-
tion of Magnetic Resonances for Different 
Split-ring Resonator Parameters and De-
signs,” New Journal of Physics, Vol. 7, No. 
168, August 2005, pp. 1-15.

5.  N. Katsarakis, T. Koschny, M. Kafesaki, 
E.N. Economou and C.M. Soukoulis, 
“Electric Coupling to the Magnetic Reso-
nance of Split Ring Resonators,” Applied 
Physics Letters, Vol. 84, No. 15, April 1, 
2004, pp. 2943-2945.

6.  C. Krowne, “Electromagnetic Theorems 
for Complex Anisotropic Media,” IEEE 
Transactions on Antennas and Propaga-
tion, Vol. 32, No. 11, November 1984, pp. 
1224-1230.

most important innovation here is the 
ground, which is located in the right 
and left as shown. This design makes 
the external electric fi eld E parallel 
to the split-bearing sides and makes 
sure the magnetic resonance of the 
SRR take place, according to case c. 
The SRR fi lter with skew-symmetric 
input and output feed lines coupling 
on the fi rst and last resonators pos-
sesses two extra transmission zeros, 
lying on either side of the passband, 
because the delays of the upper path 
and the lower path are the same. A 
photograph of the fabricated fi lter is 
shown in Figure 4. The thickness of 
the fi rst and third layers is 0.8 mm and 
the middle layer is 2.5 mm thick. The 
width of the feed line is 0.2 mm. In 
the photographs, the left is the inner 
structure of the fi lter and the right is 
the whole structure.

The simulated and measured results 
are shown in Figure 5. From the EM 
simulation, the fi lter has a fractional 
bandwidth of 7 percent at 6.07 GHz, 
an in-band return loss of 20 dB and a 
minimum out-band loss of 25 dB. The 

 Fig. 4  Photograph of the fabricated fi lter.

 Fig. 5  Simulated and measured responses 
of the SRR fi lter.
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Cover Feature

Dual Ring Balun-BPF 
with imPRoveD BalanceD 
PoRt chaRacteRistics
A dual ring structure for the Balun-bandpass filter (Balun-BPF) to improve 
balanced-port characteristics is presented. The conventional Balun-BPF has 
limitations in output symmetry and skirt steepness. A dual ring structure is 
introduced and a suitable coupling point between the two ring resonators 
is obtained to solve these problems. An interdigital coupled-line inverter 
and the cross-coupling effect between the resonators are also discussed. The 
fabricated dual ring Balun-BPF, with a center frequency of 2.45 GHz and a 90 
MHz bandwidth, shows excellent characteristics as a Balun-BPF without the 
conventional limitations.

Most modern microwave communi-
cation systems require balanced 
components as well as unbalanced 

structures. In some wireless applications, such 
as dipole antennas, balanced LNAs, mixers, 
power amplifiers and so on, a balun frequently 
connects a bandpass filter with balanced com-
ponents.1,2 Recently, simple balun-BPFs and 
their design equations have been proposed 
and found useful to reduce the cost and size of 
the functional blocks in some microwave sys-

tems.1,3 However, a convention-
al Balun-BPF shows unequal 
skirt responses between the two 
balanced outputs because one 
output has two notches near the 
passband, but the other does 
not have any, which also limits 
the skirt steepness of the Balun-
BPF characteristics.

In order to eliminate the re-
strictions of the conventional 
Balun-BPF, two substantially 
identical ring resonators are 
combined. The arrangement 
of the combining points of the 

two ring resonators is essential to obtain sym-
metrical output responses. An interdigital-type 
inverter structure and the cross-coupling effect 
between two ring resonators are also investi-
gated.

ANALYSIS OF THE DUAL RING 
BALUN-BPF

Figure 1 shows the circuit schematic of 
the proposed dual ring Balun-BPF; Figure 2 
shows the simulated frequency responses for 
the three possible dual ring structures that show 
the possibility of balun characteristics. The first 
ring can be coupled to the unbalanced port of 
a conventional Balun-BPF in three different 
positions (A, B, or C). Only the arrangement 
with position C shows the Balun-BPF charac-
teristics with symmetrical notch responses at 
the balanced two output ports (port 2 and port 

Seong-Jun Kang 
and Hee-Yong Hwang
Kangwon National University  
Chuncheon, Korea
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s Fig. 1  Schematic of the proposed dual 
ring Balun-BPF.
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where Yin= Y03
2/Y0, and

3). The other structures show Balun-
BPF characteristics with asymmetric 
skirt response as the conventional one 
or a broken passband with asymmetric 
response.

The BPF equivalent circuit is 
shown in Figure 3. The admittance 
slope parameters (bi, bi') and inverter 
values (Jij) of the two ring resonators 
are as follows3

s Fig. 2  Simulated frequency response for 
three different coupling positions.
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the proximity of the 
two ring resona-
tors is also consid-
ered when the dual 
ring Balun-BPF is 
simulated. Figure 
6 shows the sche-
matic for the cross-
coupling effect used 
with ADS™. The 
cross-coupling part 
of the two rings 

 Fig. 4  Equivalent circuit for a �/4 transmission line using an 
interdigital inverter.
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coeffi cient C and length ls of the interdigital 
inverter.
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mation using six coupled lines for the dotted 
line parts.

P1 P2

P3

Y2
S1

S2

S3

S3

S2

S1

�i
Y’2

Y’1

Y2

Y1

R R’

�23

(a)

(b)

�
24

�
4

Y1

Y1

Y1

Y2

Y2

Y’
2

Y’
1

Y’
1

Y’
1

Y’
2

Y’
2

TABLE II
PARAMETER VALUES FOR THE 

INTERDIGITAL INVERTER

Zoe Z00 �C ZS LS

169.60 � 77.22 � 37.00� 111.06 � 3 mm

mailto:sales@krytar.com
http://www.krytar.com
http://mwj.hotims.com/23292-54


USA - AZ, tel. +1 480-961-1382    •    EUROPE - BELGIUM, tel. +32 9 235 3611   •    www.rogerscorp.com

When amplifier designers 

asked, Rogers listened and 

developed RO4360™ high-

frequency laminates. These 

thermoset materials feature a 

powerful balance of high per-

formance, low cost and ease of 

processing in a laminate with a 

dielectric constant of 6.15. 

RO4360 laminates deliver 

the low loss and high thermal 

conductivity sought by amplifier 

designers. Suitable for a variety  

of commercial and industrial        

applications, RO4360 laminates 

can be processed similar to FR-4 & 

support lead-free, RoHS-compliant 

manufacturing practices. 

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

Features
• High dielectric constant

• Low loss

• High thermal conductivity

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

Total Cost Solution
• Priced better than alternatives

• Low fabrication cost

Ease of Fabrication
• Ideal for multilayer circuits

• Suitable for automated   
 assembly lines

• Processes similar to FR-4

• Lead free, RoHS compliant

Advanced Circuit Materials

The world runs better with Rogers.®

Give your next amp a boost with 

RO4360™

6.15 Dk High Frequency Laminates

MWJ/ROGERS/BOOST/1109

 Visit http://mwj.hotims.com/23292-107 or use RS# 107 at www.mwjournal.com/info

http://mwj.hotims.com/23292-107
http://www.mwjournal.com/info
http://www.rogerscorp.com/acm
http://www.rogerscorp.com


84  MICROWAVE JOURNAL n NOVEMBER 2009

Cover Feature

Visit http://mwj.hotims.com/23292-36

Happy HolidaysHappy Holidays
Your friends at Evans Capacitor Company

The Evans Capacitor Company
72 Boyd Avenue • East Providence, RI 02914 USA 

401.435.3555 • Fax 401.435.3558
chasd@evanscap.com • devans@evanscap.com

Tech specs at www.evanscap.com

75,000 cv

Figure 8 shows the fabricated 
dual ring Balun-BPF with two small 
tuning stubs. The 1 by 3 mm stubs, 
inside the rings, are used to finely 
adjust the slope parameters of the 
dual ring resonator. Figure 9 shows 
the simulated and measured fre-
quency responses. The measured 

coupling effect is shown in Figure 7.

SIMULATION AND 
MEASUREMENT RESULTS

The simulations and measurements 
were performed using the commercial 
circuit simulator ADS, and vector net-
work analyzer, Anritsu 37397C. The 
substrate used is WINUS IS640 with 
a thickness of 0.762 mm, a relative 
dielectric constant of 3.38 and a loss 
tangent of 0.0042.

was approximated by dividing it into 
6-coupled lines. Then each gap of 
the coupled lines Si is calculated with 
Equation 6, where Y1 = Y1', Y2 ≈ Y2' 
and R1 ≈ R1' are used and ui = 37.5°, 
22.5°, 7.5°, and i = 1, 2, 3.

S R li i= − 2 1 623( cos ) ( )�

The result of the changes in the 
notch frequencies due to the cross-

s Fig. 7  Frequency responses of the Balun-
BPF with and without cross-coupling.
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s Fig. 8  Fabricated Balun-BPF.

s Fig. 9  Simulated and measured results: 
(a) S-parameters and (b) magnitude and 
phase differences.

3

2

1

0

–1

0

–20

–40

–60

–80

210

180

150

120

90

P
H

A
SE D

IFFER
EN

C
E (°)

M
A

G
N

IT
U

D
E

D
IF

FE
R

EN
C

E 
(d

B
)

3.002.752.50
FREQUENCY (GHz)

 (a)

 (b)

MEASUREMENT
SIMULATION

2.252.00

2.512.48
FREQUENCY (GHz)

2.452.42

� S
11

 � 
, 

� S
21

 � 
, 

� S
31

 � 
(d

B
)

mailto:chasd@evanscap.com
mailto:devans@evanscap.com
http://www.evanscap.com
http://mwj.hotims.com/23292-36


“ This directional coupler, 
freq 1-12.4 Ghz has been in  
service since 1976.”

Electronics Engineer
CITEDEF

“ Step attenuator 0-69 dB, 
used for testing radar 
equipment since 1970.”

Radar Technician
GE Air Force

“ High directivity coupler in 
service since 1970.

Associate Professor
Chalmers Univ. of Tech

“ In service since 1959, this 
hybrid is used mainly for 
feeding our prototype 
antennas.”

Ph.D.
KTH-ETK.

“ In service since 1975. Used in 
RF microwave testing setup.”

Lab Supervisor
LI Marine Electronics

Thanks! It’s great to receive praise from 

one of our customers...let alone over a hundred 

of them. Even though we’ve worked for over 

five and a half decades to build the reputation 

we now enjoy, we’re committed to doing even 

better in the years to come.

If you’d like to read even more testimonials, 

visit our “Strongest Link” web site today at: 

www.nardamicrowave.com/strongestlink

The Response We’ve 
Received To Our “Strongest 
Link” Contest Has Been 
Overwhelmingly Positive

The Most Trusted Link to RF & Microwave Solutions.

435 Moreland Road, Hauppauge, NY 11788
Tel: 631.231.1700 • Fax: 631.231.1711
e-mail: nardaeast@L-3com.com
www.nardamicrowave.com

Associate Professor

Radar Technician
GE Air Force

freq 1-12.4 Ghz has been in  

Electronics Engineer

“ Used in high power TWT 
test set since 1987.”

Electronics Enginee
Crane

“ Used in the testing of 
apparatus since 1974.”

Engineer
Transtech

“ 2-4 GHz , Model 3022 bi-
directional coaxial coupler. 
Purchased in 1985 and is still 
used in our laboratory.”

Engineer
JMG Telecom

“ Phase shifter used for PLL 
development since 1980.”

Marketing Manager
Giga-tronics

“ RF power measurements at 
the output side mostly for 
80-100 W TWT’s in pulsed & 
CW operation for 15 years.”

Scientific Officer
Defene R&D

“ This is a 794FM 4-8 Ghz 
variable attenuator. We 
obtained it in the 1980s and 
it’s still going strong.”

President
Sphere Research Corp.

NAR27929TestThanksAdMJ.indd   1 10/7/09   5:06 PM

MWJ/NARDA/CONTEST/1109

 Visit http://mwj.hotims.com/23292-89 or use RS# 89 at www.mwjournal.com/info

http://www.nardamicrowave.com/strongestlink
mailto:nardaeast@L-3com.com
http://www.nardamicrowave.com
http://mwj.hotims.com/23292-89
http://www.mwjournal.com/info


86  MICROWAVE JOURNAL n NOVEMBER 2009

Cover Feature

Visit http://mwj.hotims.com/23292-39

magnetic Engineering Society, Vol. 19, 
No. 4, April 2008, pp. 436-441.

4.  G.L. Matthaei, L. Young and E.M.T. 
Jones, Microwave Filters, Impedance 
Matching Networks and Coupling 
Structures, Artech House Inc., Nor-
wood, MA, 1980.

5.  D.M. Pozar, Microwave Engineering, 
Second Edition, John Wiley & Sons 
Inc., Hoboken, NJ, 1998.

Seong-Jun Kang 
received his BS 
degree in Electrical 
and Electronic 
Engineering from 
Kangwon National 
University in 2007. 
His research interests 
include microwave 
passive components, 
microwave antennas 
and RF systems.

Hee-Yong Hwang 
received his BS 
degree in Electronic 
Engineering from 
Seoul National 
University in 1988 
and 1992, 
respectively, and his 
MS and PhD degrees 
in Electronic 
Engineering from 
Sogang University in 
1995 and 1999, 
respectively.

response shows the equal amplitude 
and balanced phase characteristics 
between the two balanced output 
ports as well as the symmetrical 
passband response and the intended 
sharp skirt responses of this excel-
lent Balun-BPF.

CONCLUSION
The proposed dual ring arrange-

ment shows excellent improvement 
in the symmetry and the skirt re-
sponse of the two balanced outputs 
of a Balun-BPF. An interdigital type 
inverter structure for inter-ring 
coupling and the effect of cross-
coupling between two rings are also 
discussed. The proposed concept of 
the dual ring Balun-BPF could be 
even more useful by applying the 
multilayer, LTCC or MMIC tech-
nologies for miniaturization. n
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Microstrip Bandpass 
Filter with slotted 
hexagonal resonators 
and capacitive loading
A compact microstrip elliptic-function bandpass filter (BPF) is introduced in 
this article. The techniques, etching slot and adding open stubs with capacitive 
loading, are applied to enhance the self-inductance and self-capacitance of the 
hexagonal open-loop resonators, which increases the electrical length of the 
resonator. At the same time, the capacitive coupling between two hexagonal 
resonators is enhanced. Size reduction and improved insertion-loss performances 
are obtained. Compared to the conventional design, the center frequency and 
insertion loss of the proposed filters are reduced by 28 percent and 3.1 dB, 
respectively. The measurements show that the proposed filter, called Type II, has 
a fractional bandwidth of 23 percent at the center frequency of 1.84 GHz and 
its insertion loss in the passband is less than 1.5 dB. The BPF occupies only 12 × 
21.2 mm.

Modern mobile systems impose strict 
requirements for bandpass filters, 
such as small size, high selectiv-

ity, wide upper stopband, low insertion loss 
and cost. A planar microstrip elliptic-function 
BPF is a good choice for this purpose. BPF 
advances on the base of circular, square and 
triangular patch/ring resonators have been re-
ported widely. For example, Hong proposed an 
elliptic-function BPF using meander square 
resonators for size reduction,1 while Zhang 
presented another elliptic-function BPF with 
capacitive loading for compactness and sharp 
rejection performances.2

Recently, there has been a growing interest 
in planar hexagonal resonators/filters because 
of their small size and high electric coupling. 

For instance, a compact BPF using hexagonal 
resonators was presented by Zhu.3 By adopting 
a skew-symmetric feed structure, an addition-
al transmission zero occurs within the upper 
stopband of this filter, which generates a wide 
bandstop performance. In 2002, Chang pro-
vided a high-selectivity quasi-elliptic BPF with 
five hexagonal resonators,4 which proved that 
some frequency responses can be achieved by 

Wenming Li
University of Electronic Science and 
Technology of China, Chengdu, China
Haiwen Liu
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Academy of Sciences, Chengdu, China
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metrical 50 V feed structure is used. 
Compared to the reported hexagonal 
filters in the literature, the proposed 
filter exhibits size reduction and excel-
lent transmission performances.

HEXAGONAL FILTER DESIGN 
AND CIRCUIT MODELING

A conventional BPF design, us-
ing l/2 hexagonal open-loop resona-
tors, is shown in Figure 1. The filter 
electric coupling structure is chosen 
and elliptical frequency responses are 
achieved by using two skew-symmet-
ric transmission line feeding struc-
tures.7,8 Based on the conventional fil-
ter, two pairs of inner open stubs and 

a pair of outer open 
stubs are added to 
produce the Type I 
filter shown in Fig-
ure 2. The inner 
open stubs increase 
the resonator’s self-
capacitance, while 
the outer open stubs 
enhance the electric 
coupling between 
resonators. Based 
on the Type I filter, 
slots are etched in 
the resonator and 
the Type II is pro-
duced, as shown in 
Figure 3, where the 
dimensions are in 
mm. After etching 
one slot on each res-
onator, extra trans-
mission zeros may 

occur. Additionally, the extra transmis-
sion zero can be adjusted by changing 
the slot’s length which leads to a wider 
stopband than before.9 Without oc-
cupying extra size, the proposed filter, 
with reduced center frequency and 
low insertion loss performances in the 
passband, may be realized.

According to the equivalent cir-
cuit model described by Hong,7 the 
circuits’ modeling of the hexagonal 
filters are implemented. Similar to 
the circuit model of the square open-
loop resonator, the circuit model of 
the conventional hexagonal filter is 
set up and shown in Figure 4. L and 
C are the self-inductance and self-ca-
pacitance of the hexagonal open-loop 
resonator and Cm denotes the mutual 
capacitance. Correspondingly, the cir-
cuit models of the Type I and Type II 
hexagonal filters are given in Figure 

a fewer number of hexagonal resona-
tors than with square resonators. Also, 
Mao described a dual-mode BPF us-
ing hexagonal resonators in 2006.5 The 
filter is easy to fabricate and possesses 
enhanced power-handling capability. 
However, the circuit sizes are large 
and occupy at least 0.83lg × 0.71lg, 
where lg is the guided wavelength at 
the center frequency of the passband. 
To make the circuit size compact 
and enhance the coupling between 
resonators, Ni reported a hexago-
nal filter with a source-load coupling 
structure.6 The filter requires a size 
amounting to 0.32lg × 0.21lg.

In this article, a novel and small 
elliptic-function hexagonal BPF is 
proposed. The design techniques, 
etching slot and adding open stubs are 
analyzed and verified by simulations 
and measurements. Also, an asym-

s Fig. 1  Conventional hexagonal filter.

s Fig. 2  Type I hexagonal filter.

s Fig. 3  Type II hexagonal filter (dimensions in mm).
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there is an additional transmission 
zero in the upper stopband, which is 
located at 3.1 GHz for Type II. That 
is to say an improved wide stopband 
performance is obtained.

The relationship between the physi-
cal parameters, W1 and W2, and the 
center frequency is described in Figure 
7. It is clear that the center frequency 
decreases when W1 (W2) becomes 

5. The effects of the capacitive cou-
pling from the inner open stubs and 
the outer open stubs are represented 
by Cc and Cstub, respectively. Fur-
thermore, the self-inductance of the 
hexagonal open-loop resonator is im-
proved by etching the slot. The incre-
ment is described by Lslot.

RESULTS AND DISCUSSION
To demonstrate the proposed to-

pology usefulness, the filters were 
simulated with Ansoft HFSS 8.0; their 
insertion loss performance is present-
ed in Figure 6. The substrate used 
for simulation and measurements is 
FR-4, 0.8 mm thick with a dielectric 
constant εr = 4.5. The input and out-
put lines are 50 V microstrip lines. 
The physical dimensions of the filters 
have been given previously. From the 
comparison between the insertion 
loss of the conventional and proposed 
filters, it is found that the center fre-
quency in the passband is decreased 
from 2.5 GHz to 1.8 Hz and the inser-
tion loss in passband reduced from 4.2 
to 1.1 dB. The center frequency and 
insertion loss are reduced by 28 per-
cent and 3.1 dB, respectively. It shows 
that the outer open stubs increase 
the capacitive coupling between the 
resonators so that the insertion loss 
decreases. On the other hand, the 
total capacitive effect from the inner 
and outer open stubs increases so that 
the resonant frequency of the hexago-
nal resonator is reduced. Notice that 

s Fig. 5  Circuit models of the Type I (a) and Type II (b) hexagonal filters.
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reported hexagonal BPFs6 (0.32lg × 
0.21lg) and the proposed filter (0.24lg 
× 0.14lg) shows that the latter is more 
compact and its size is reduced by ap-
proximately 50 percent. The measure-
ments were carried out on an Agilent 
8722 vector network analyzer.

CONCLUSION
A novel design of a hexagonal BPF 

is introduced in this article. The tech-
niques, etching slot and adding open 
stubs are applied to enhance the self-
inductance and self-capacitance of 
the hexagonal open-loop resonators so 
that a compact filter with low insertion 
loss is achieved. Also, an extra trans-
mission zero occurs, which leads to 
a wide upper rejection performance. 
Finally, this filter was designed, fab-
ricated and measured. This compact 
BPF, with good transmission perfor-
mance, has a potential for compact 
microwave circuit applications.

ACKNOWLEDGMENTS
This work was supported by the 

100 Talents Program of The Chinese 
Academy of Sciences in 2008. n

References
1.  J.S. Hong and M.J. Lancaster, “Compact Micro-

wave Elliptic Function Filter Using Novel Mi-
crostrip Meander Open-loop Resonators,” Elec-
tronics Letters, Vol. 32, No. 6, 14 March 1996, pp. 
563-564.

2.  X.Y. Zhang, J.X. Chen and Q. Xue, “Compact Band-
pass Filter Using Open-loop Resonators with Ca-
pacitive Loading,” Microwave and Optical Technol-
ogy Letters, Vol. 49, No. 1, January 2007, pp. 83-84.

3.  Y.Z. Zhu and Y.J. Xie, “New l/2 Microstrip Band-
pass Filters Using Skew-symmetric Feed Struc-
ture,” Microwave and Optical.Technology Letters, 
Vol. 50, No. 2, February 2008, pp. 440-442.

4.  K.F. Chang, K.W. Tam, W.W. Choi and R.P. Mar-
tins, “Novel Quasi-elliptic Microstrip Filter Config-
uration Using Hexagonal Open-loop Resonators,” 
2002 IEEE International Symposium on Circuits 
and Systems Digest, Vol. 3, pp. 863-866.

5.  R.J. Mao and X.H. Tang, “Novel Dual-mode Band-
pass Filters Using Hexagonal Loop Resonators,” 
IEEE Transactions on Microwave Theory and 
Techniques, Vol. 54, No. 9, September 2006, pp. 
3526-3533.

6.  D. Ni, Y. Zhu and Y. Xie, “Design of Hexagonal Fil-
ter with Source-load,” Electronics Letters, Vol. 42, 
No. 23, 9 November 2006, pp. 1355-1357.

7.  J.S. Hong and M.J. Lancaster, “Couplings of Mi-
crostrip Square Open-loop Resonators for Cross-
coupled Planar Microwave Filters,” IEEE Transac-
tions on Microwave Theory and Techniques, Vol. 
44, No. 11, November 1996, pp. 2099-2109.

8.  C.M. Tsai, S.Y. Lee and C.C. Tsai, “Performance of 
a Planar Filter Using a 0˚ Feed Structure,” IEEE 
Transactions on Microwave Theory and Tech-
niques, Vol. 50, No. 10, October 2002, pp. 2362-
2367.

9.  C.F. Chen, T.Y. Huang and R.B. Wu, “Miniaturized 
Microstrip Quasi-elliptical Bandpass Filters Using 
Slotted Resonator,” 2006 IEEE MTT-S Internation-
al Microwave Symposium Digest, pp. 1185-1188.

smaller. Also, the design parameter S 
is affecting the extra transmission zero 
location, as shown in Figure 8.

The proposed Type II filter was fab-
ricated and its photograph is shown in 
Figure 9. Its physical parameters are 
the same as shown previously, with W1 
= 0.4 mm, W2 = 0.4 mm and S = 0.6 
mm. The measured results are given in 
Figure 10. The measurements verify 
that the proposed filter has a fractional 
bandwidth of 23 percent with a center 
frequency of 1.84 GHz. The filter has a 
return loss greater than 15 dB from 1.71 
to 1.98 GHz. The insertion loss in the 
passband is less than 1.5 dB. There are 
two transmission zeros on both sides 
of the passband. They are -41 and -38 
dB at 1.35 and 2.37 GHz, respectively. 
Another transmission zero is -51 dB at 
3.20 GHz. There is a good agreement 
between simulated and measured re-
sults. The circuit size is 21.2 × 12 mm. 
A comparative study of the sizes of the 

s Fig. 8  Location of the extra zero vs. S.
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s Fig. 9  Proposed filter photograph.

s Fig. 10  Measured data for proposed 
filter.
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Design of a UWB 
BanDpass filter With a 
notcheD BanD anD WiDe 
stopBanD
A novel ultra-wideband (UWB) bandpass filter (BPF) is proposed and 
implemented in this article. The proposed UWB BPF has a highly rejected 
notched band and improved out-of-band performances. It is composed of two 
cascaded interdigital hairpin resonator units and four semicircle defected ground 
structures (S-DGS). The interdigital hairpin resonator unit and S-DGS with 
different dimensions are theoretically analyzed. The equivalent circuit of S-DGS 
is also presented. The working frequency band of the proposed UWB BPF is 3.1 
to 10.6 GHz and the notched band is 7.5 to 7.6 GHz. Good insertion and return 
losses and high out-of-band rejections are achieved as demonstrated in both 
simulation and experiment.

Research into ultra-wideband technol-
ogy has risen dramatically since the 
US Federal Communications Commis-

sion (FCC) authorized the frequency band of 
3.1 to 10.6 GHz for commercial purposes.1 A 
bandpass filter is a key component of a UWB 
wireless communication system. Many BPFs 
have been developed based on various kinds of 
methodologies, such as non-periodical shunt-
stub loading,2 composite low pass/high pass 
topology,3 cascaded broadside-coupling,4 cir-
cular resonator5 and multiple-mode resonator 
(MMR).6-9 Most of these BPFs have good in-
band frequency performance, but the out-of-
band performance is poor. Due to the existing 
radio signals such as wireless local-area network 
(WLAN) signals, which may interfere with the 
UWB users, a small BPF with a notched band 
is needed to reject these interfering signals. A 
UWB BPF with a notched band was realized 
using an embedded open-circuited stub,10

which is an effective way to reject any unde-

sired radio signal. However, this structure has 
poor out-of-band performances.

In this article, a novel UWB BPF is proposed 
and implemented. It exhibits good frequency 
performances and a highly rejected notched 
band in the passband and achieves a wide stop-
band. The designed UWB BPF consists of two 
cascaded interdigital hairpin resonator units 
and four semicircle defected ground structures 
(S-DGS) along with the microstrip line. This 
structure is simple and flexible for the purpose of 
blocking any unwanted existing radio signals that 
may appear in the UWB band. S-DGSs are used 
to improve out-of-band performances. Measured 
results agree well with the simulated results.

L. Chen, Y. Shang and Y.L. Zhang
Xi’an Technological University 
Xi’an, P.R. China
F. Wei
Xidian University, Xi’an, P.R. China
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mm, W2 = 0.4 mm, W3 = 0.15 mm, L1
= 9.4 mm, substrate εr = 2.2 and the 
substrate thickness is 1.0 mm. Differ-
ent notched bands can be achieved by 
changing W2 and W3. However, it can 
be seen that the proposed interdigital 
hairpin resonator unit has a gradual 
cut-off frequency response and poor 
out-of-band performance.

Semicircle Defected Ground 
Structure

A defected ground structure 
(DGS) for a microstrip line is a pe-
riodic defect etched in the ground 
plane, which can provide a good band-
rejection property. The conventional 
dumbbell DGS consists of two rect-
angular defected areas and one con-
necting slot on the backside metallic 
ground plane. The configuration of 
the proposed S-DGS, fed by a 50 V
microstrip line, is shown in Figure 3. 
It consists of two semicircle defected 
areas and one narrow connecting slot 
on the ground plane of the microstrip 
line. The new S-DGS has better stop-
band characteristics.

The frequency characteristic of 
the S-DGS unit can be modeled by 
a series-connected parallel LC reso-
nance circuit in the transmission line, 
as shown in Figure 4. The equivalent 
capacitance and inductance of the cir-
cuit can be extracted by using the cir-
cuit analysis theory as follows:
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W3. The microstrip interdigital hairpin 
resonator proposed in this article, with 
five identical fingers, is also shown. The 
coupling-finger length (L1) is first cho-
sen to be one-quarter wavelength at 
the center frequency of this UWB pass-
band, which is 6.85 GHz. The frequen-
cy characteristics of these two interdigi-
tal hairpin resonators are simulated by 
HFSS V.10.0. The simulation results 
show that a notched band is introduced 
by adding two fingers, as shown in Fig-
ure 2, where W0 = 3.0 mm, W1 = 0.15 

ANALYSIS AND DESIGN
Interdigital Hairpin Resonator

Figure 1 shows the geometry of a 
conventional interdigital hairpin reso-
nator unit with three identical fingers 
within a 50 V microstrip line. The width 
of the finger is W2 and the distance be-
tween the adjacent coupling fingers is 

s Fig. 1  Geometry of interdigital hairpin 
resonators: (a) 3 fingers and (b) 5 fingers.
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(b)
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s Fig. 2  Simulated S-parameters of the 
hairpin resonator unit.
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s Fig. 3  Geometry of the proposed S-DGS 
unit.
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s Fig. 4  Equivalent circuit of the proposed 
S-DGS unit.
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passband and stopband, two interdigi-
tal hairpin resonator units and four 
S-DGSs are cascaded along with the 
microstrip line. S-DGSs are on the 
backside metallic ground plane under 
the microstrip line. The configuration 
of the proposed UWB BPF is shown 
in Figure 7. Different notched bands 
can be obtained by changing W2 and 
W3. The BPF simulation is performed 
by using HFSS V.10.0. The substrate 
is RT/Duroid 5880 with a thickness 
of 1.0 mm and a dielectric constant 
of 2.2. All the dimensions are deter-
mined as follows: W0 = 3.0 mm, W1 = 
0.4 mm, W2 = 0.4 mm, W3 = 0.15 mm, 
W4 = 0.1 mm, L1 = 7.2 mm, L2 = 5.0 
mm and R1 = 1.0 mm.

RESULTS AND DISCUSSIONS
Finally, the designed UWB BPF 

is measured with an Agilent N5230A 
vector network analyzer. The com-
parison between the simulated and 
measured results is shown in Figure 
8. It is found that the working fre-
quency of the proposed UWB BPF is 
3.1 to 10.6 GHz and the notched band 
is 7.5 to 7.6 GHz. The insertion loss 
is less than 1.0 dB and the return loss 
is better than 10 dB in most part of 
the passband. The measured rejec-
tion loss is more than 25 dB at the 
mid-band frequency of the notched 

the cut-off frequency decreases. Fig-
ure 6 shows the frequency response 
of the S-DGS for various gap dis-
tances with W0 = 3.0 mm and R = 4.0 
mm. It can be seen that the resonance 
frequency is proportional to the gap 
distance.

UWB BPF
For the design of a UWB BPF 

with a highly rejected notched band 
and good frequency characteristics in 

where ƒc is the 3 dB cut-off fre-
quency and ƒ0 is the resonant fre-
quency of the stopband.

Furthermore, the effects of the 
proposed S-DGS parameters on the 
frequency characteristics have been 
investigated. Figure 5 shows the 
transfer characteristics of the S-DGS 
with a different radius with W0 = 3.0 
mm and W1 = 0.4 mm. The simulation 
results show that the cut-off frequen-
cy is dependent on the radius of the 
semicircle. As the radius is increased, 

Cover Feature

s Fig. 5  Simulated S21 of the proposed S-
DGS unit for various semicircular radius.

S 2
1 

(d
B

)

0

5

10

15

20

25

30
161412108

FREQUENCY (GHz)
642

R = 2.0 mm R = 3.0 mm
R = 4.0 mm R = 5.0 mm

s Fig. 6  Simulated S21 of the proposed S-
DGS unit for various gap distances.

W1 = 0.2 mm W1 = 0.3 mm
W1 = 0.4 mm W1 = 0.5 mm
W1 = 0.6 mm

161412108
FREQUENCY (GHz)
642

0

5

10

15

20

25

30

S 2
1 

(d
B

)

s Fig. 7  Geometry of the proposed UWB 
BPF.
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s Fig. 8  Simulated and measured S-
parameters of the designed UWB BPF.
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posed BPF is applied to a UWB sys-
tem.

CONCLUSION
In this article, a compact UWB 

BPF with a highly rejected notched 
band and improved out-of-band 
performance has been proposed, 
designed and implemented. By us-
ing two cascaded interdigital hairpin 
resonator units and introducing four 
S-DGSs, the proposed UWB BPF 
can have a wide stopband and in the 
meantime effectively introduce a nar-
row notched band. The measured re-
sults are in good agreement with the 
simulated results. n
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UWB BPF. The volume of the UWB 
BPF with the metallic enclosure is 36 
× 29 × 22 mm. In consideration to the 
application, the influence of a metallic 
enclosure on the S-parameters of the 
proposed UWB BPF has also been 
analyzed, as shown in Figure 10. By 
observing the figure, one can find that 
the influence is weak and the insertion 
loss at the upper-stopband is slightly 
increased but still is less than 10 dB, 
which can be neglected when the pro-

band and the upper-stopband with 20 
dB attenuation is up to 20 GHz. It is 
found that the measured lower cor-
ner frequency is shifted to a higher 
frequency, which could be attributed 
to the fabrication tolerance. Figure 9
shows photographs of the fabricated 

s Fig. 9  Photographs of the fabricated 
UWB BPF: (a) top view, (b) bottom view and 
(c) with opened metallic enclosure.

s Fig. 10  Measured S-parameters of the UWB 
BPF with and without metallic enclosure.
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Special RepoRt

RF and MicRowaves in 
asia: challenging TiMes
Over the last decade Asia has seen unprecedented economic, industrial and 
commercial growth. However, with the economic downturn impacting globally, 
and consumers, manufacturers and investors having to face harsh realities, will 
the region continue to prosper? This report highlights the prevailing indicators, 
examines the region’s RF and microwave market, and gauges the current market.

When this annual report was published 
a year ago, the reality of a global eco-
nomic downturn had just begun to 

loom large. The banking and financial services 
sectors were the first to take a hit, but all in-
dustries, including the RF and microwave sec-
tor, were bracing themselves for the full impact 
of a global financial crisis and recession. The 
threat has been heightened by the two things 
that are most difficult to combat and legislate 
for—uncertainty and unpredictability.

Surely though, if there was one geographical 
region in a position to ride the economic storm, 
it would be the Asia-Pacific. In recent years the 
region has been the Utopia of development 
and expansion, the focus of internal activity 
and outside investment, and a hub of techno-
logical innovation. The established countries 
have been innovators and models for commer-
cial development, while emerging nations offer 
competition through low cost, large scale mass 
production.

Market growth has been stimulated by 
consumer demand both from booming home 
markets in developing and emerging countries, 
eager to embrace the latest technology and 
innovation, and from industrialized countries 
across the globe that have exhibited an insa-
tiable appetite for low price products.

After a period of growth and development, 
Asia is facing challenges that were largely un-

foreseen. One of the first opportunities to gauge 
how it is faring will come at the 2009 Asia-Pacif-
ic Microwave Conference (APMC 2009), which 
will be held in Singapore from 7 to 10 Decem-
ber. The event is a platform for the region’s tech-
nological research and development, a forum 
for networking and will provide an opportunity 
to gauge the current climate.

This article provides an insight into the pre-
vailing market conditions and the development 
and implementation of technology. It does not 
purport to be a comprehensive market over-
view, but offers a snapshot of the current status 
of industrial development and identifies the 
main trends influencing it. It also provides a 
commercial perspective as executives from a 
small cross-section of companies actively par-
ticipating in the Asian RF and microwave in-
dustry contribute to the ‘company survey’.

ASIAN PERSPECTIVE
In the past year statistical forecasts have 

been amended, rewritten and even abandoned, 
so the emphasis in this article is on the technol-
ogy rather than the numbers. Telecommunica-
tions is a major area of RF and microwave ac-
tivity, with the semiconductor and electronics 
industries also being significant.

Richard Mumford
Microwave Journal International Editor
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expand the country’s infrastructure to 
cover all of the districts and states in 
India where there is no existing fixed 
wireless or mobile coverage. A second 
phase is then proposed that will see 
the erection of additional towers to 
provide mobile services to cover the 
remaining remote areas. These activi-
ties are being supported through the 
Universal Service Obligation Fund 
(USOF), which was set up by the In-
dian government in order to provide 

com network and the second largest 
wireless network in the world, and the 
DoT has set a target of 500 million 
telephones and broadband connec-
tivity to 20 million subscribers by the 
end of 2010.

In India the demand for the masses 
to ‘get connected’ has seen the growth 
of wireless telephony, which is afford-
able, accessible and has the capacity 
to service rural and remote commu-
nities. There are ongoing efforts to 

Telecommunications
The Asia-Pacific region has been 

the fastest growing telecommunica-
tions market in the world. The com-
plete developmental spectrum is rep-
resented from the established markets 
of Japan, Singapore, South Korea, Tai-
wan and Hong Kong to the potentially 
vast markets of China and India.

In the mature markets there is 
near saturation of mobile subscrip-
tions. The latest handsets are readily 
available, the range of services offered 
is comprehensive and operators are 
looking to technology to provide dif-
ferentiation, be it speed, accessibility, 
longer battery life, etc.

Mobile revenues in Japan, Hong 
Kong and South Korea are not 
achieved through subscriber growth 
but by data usage and network expan-
sion. All three countries are at the fore-
front when it comes to rolling out new 
networks and adopting new technolo-
gies. Japan, in particular, is renowned 
for using cutting-edge technologies. 
South Korea, on the other hand, leads 
in adopting new business models and 
innovation and has become a leader in 
CDMA technology.

Over recent years mobile sub-
scriptions have risen steadily towards 
saturation in Malaysia and Singapore, 
while the likes of Cambodia, Laos and 
Vietnam are yet to reach such figures. 
In these countries growth is primarily 
driven by expansion into rural areas as 
networks extend beyond the major ur-
ban conurbations.

Although it is yet to have extensive 
penetration, 3G technology has been 
gaining in popularity as a number of 
operators in countries such as Viet-
nam and Thailand have begun to de-
ploy 3G networks in order to supple-
ment their non-voice revenues and 
profit from the wider range of service 
that faster network speeds facilitate.

Even in the current economic cli-
mate it is India and China where there 
is significant activity. India, in particu-
lar, has put long-term initiatives in 
place, which it continues to invest in. 
The Indian Telecom sector has devel-
oped dramatically, with the share of 
the private sector increasing to more 
than 66 percent and the contribution 
of mobile telephony going up to 80 
percent, according to India’s depart-
ment of Telecommunications (DoT). 
The country has the third largest tele-
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Having set floor prices of 35 billion 
rupees (approximately $725 M) for 
the 3G auction and 17.50 billion ru-
pees (approximately $365 M) for the 
WiMAX auction, when the auctions 
do take place the government expects 
to reap at least 250 billion rupees (ap-
proximately $5.2 B).

China is also in transition from 2G 
to 3G with the government award-
ing 3G licenses for CDMA 2000, 
WCDMA and TD-SCDMA to China 

people in rural and remote areas ac-
cess to telecommunication services at 
affordable and reasonable prices.

The country is also set to enter 
the 3G arena with the DoT setting a 
deadline for the nation’s 3G auctions 
in early December 2009 with WiMAX 
and EVDO auctions commencing just 
a few days later. However, at the time 
of going to press, there is speculation 
that the December deadline will not 
be met and will be shifted into 2010. 

Telecom, China Unicom and China 
Mobile, respectively. The Chinese 
government and the three operators 
are supporting LTE, with each opera-
tor’s implementation strategy being 
dictated by their present positions in 
the market and their currently adopt-
ed 3G technologies.

In terms of technology, WiMAX 
faces challenges, particularly from 
LTE, but at the current time the Asia-
Pacific region represents good pros-
pects for the technology in terms of 
subscriber uptake and the number of 
network deployments. There is par-
ticular potential in emerging markets 
as they try to bridge the digital divide.

Wi-Fi development in China is in-
teresting and growing in three sectors. 
First, there is industrial implementa-
tion driven by the information-based 
nature of Chinese business. Secondly, 
the delays in awarding and imple-
menting 3G licenses have seen Wi-Fi 
being adopted for home usage.

Third, and most significant, is the 
deployment of Wi-Fi City in many 
cities throughout China. As the name 
suggests, Wi-Fi City differs from  
Wi-Fi hotspots as it aims to provide 
seamless Wi-Fi connectivity city-
wide, rather than in limited areas. It 
has been popular as it is often free 
to access. This was the case in many 
areas up to and including the Beijing 
Olympics in 2008, but whether that is 
a realistic business model that can be 
sustained indefinitely remains to be 
seen.

Worldwide there have been moves 
to increase the broadband connectivi-
ty. Asia is no exception and broadband 
Internet has become one of the fast-
est growing market segments in the 
region. As is to be expected, broad-
band has been led by the region’s 
developed economies such as South 
Korea, Japan, Taiwan, Singapore and 
Hong Kong. In developing countries 
dial-up narrowband access has been 
prevalent, but that is changing. n

This article is continued online. 
Please visit 

www.mwjournal.com/Asia09 
for our full report and annual 

Asian company survey.
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For Commercial, Military, and Industrial Use, Mini-Circuits proudly presents the 
MCA1 series of Low Temperature Co-fired Ceramic (LTCC) frequency mixers. Highly 
reliable, only 0.080” in height, and “tough as nails”, these patented mixers have all 
circuitry hermetically imbedded inside the ceramic making them temperature stable 
and impervious to most environmental conditions. The process also gives you high 
performance repeatability and very low cost. There’s a variety of broadband models 
and LO power levels to choose from, so you can use these mixers in a multitude of 
designs and applications. And MCA1 mixers are ideal for the COTS program! Just 
check all the specs on our web site. Then, choose the model that best fits your 
needs. Our team is ready to handle your requirements with quick off-the-shelf 
shipments, custom designs, and fast turn-around/high volume production.

Mini-Circuits...Your partners for success since 1969

 

  Model LO Freq. Conv. LO-RF Price
   Level Range Loss  Isol. $ ea. 
   (dBm ) (MHz )   (dB ) (dB ) ( Qty. 10 )  
  MCA1-85L 4 2800-8500 6.0 35 9.45
  MCA1-12GL 4 3800-12000 6.5 38 11.95  
  MCA1-24 7 300-2400 6.1 40 5.95  
  MCA1-42 7 1000-4200 6.1 35 6.95 
	 	 MCA1-60 7 1600-6000 6.2 30 7.95
  MCA1-85 7 2800-8500 5.6 38 8.95
  MCA1-12G 7 3800-12000 6.2 38 10.95   
  MCA1-24LH 10 300-2400 6.5 40 6.45 
	 	 MCA1-42LH 10 1000-4200 6.0 38 7.45 
	 	 MCA1-60LH 10 1700-6000 6.3 30 8.45
  MCA1-80LH 10 2800-8000 5.9 35 9.95  
  MCA1-24MH 13 300-2400 6.1 40 6.95 
	 	 MCA1-42MH 13 1000-4200 6.2 35 7.95 
	 	 MCA1-60MH 13 1600-6000 6.4 27 8.95
  MCA1-80MH 13 2800-8000 5.7 27 10.95  
  MCA1-80H 17 2800-8000 6.3 34 11.95 
   Dimensions: (L) 0.30” x (W) 0.250” x (H) 0.080”
   U.S. Patent # 7,027,795            	
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For your leading-edge synthesizers, local oscillators, and Satellite up/down converters, Mini-Circuits 
offers a large selection of broadband doublers, triplers, quadruplers, and x12 frequency multipliers. 

Now generate output frequencies from 100 kHz to 20 GHz with excellent suppression of fundamental frequency 
and undesired harmonics, as well as spurious. All featuring low conversion loss and designed into a wide 
array of, off-the-shelf, rugged coaxial, and surface mount packages to meet your requirements. 

Visit our website to choose and view comprehensive performance curves, data sheets, pcb layouts, 
and environmental specifications. And you can even order direct from our web store and have a unit 
in your hands as early as tomorrow!     
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Product Feature

Some years ago CST introduced a fre-
quency domain solver into CST MICRO-
WAVE STUDIO (CST MWS) in addi-

tion to its time domain solver. The company 
recognized that an ever increasing array of mi-
crowave/RF and high speed data applications 
required alternate solver technology in order to 
optimize speed and memory usage. While such 
technology was available from various vendors, 
CST’s approach placed the solvers within the 
same user friendly front-end that many engi-
neers were already familiar with.

The company has continually expanded the 
range of technology available and increased 
the vast number of RF, microwave and high 
speed applications that can be solved quickly 
and accurately. Non-EM physics has also been 
introduced with circuit, thermal and mechani-
cal simulation all available and closely coupled 
either directly or through CST DESIGN 
STUDIO (CST DS).

In the new CST STUDIO SUITE 2010 the 
circuit and system simulator CST DS, includ-
ing optimization and layout, is a standard fea-
ture of all licenses. Full system simulation with 
CST tools is now emerging as a mainstream 

task for the design engineer—a breakthrough 
in a world of compact, high frequency devices 
with multi materials, antennas and circuits all 
within the same housing.

With such complete technology, CST can 
offer ideal solutions. For example, the data 
networking company may appreciate just the 
time domain solver for its broadband capabili-
ties and memory efficiency for complex devic-
es, but the defense contractor may additionally 
need the frequency domain solver for phased-
array antennas and the asymptotic solver for 
electrically large aircraft.

While advancing the solving technology, 
CST has recognized that engineers often have 
large software toolboxes comprising mechani-
cal CAD, layout, circuit simulation, legacy 
EM and more. A stand alone or ‘point tool’ 
EM simulator is no longer sufficient; it has to 
fit into existing workflows. This article reviews 
the latest 3D EM technology in CST STUDIO 

CST - Computer Simulation 
Technology
Framingham, MA
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different scales to be simulated in a reasonable time. This 
approach is also available between other members of CST 
STUDIO SUITE via the ‘field source’ monitor.

ACCELERATING THE SIMULATION
In recent versions, techniques for ensuring that avail-

able hardware can be fully exploited to speed up simula-
tions have been introduced. High performance computing 
(HPC) platforms can be used to achieve dramatic speed-
ups.

To consolidate the many acceleration features now 
available through hardware and HPC, CST has introduced 
‘acceleration tokens.’ One token will enable access to all ac-
celeration features, but on limited hardware. More tokens 
will allow greater hardware utilization.

Examples of acceleration features include GPU cards 
(graphics card technology), MPI (using a computing clus-
ter) and port/frequency point/parameter distribution 
(sending directly parallel tasks to multiple machines). For 
version 2010 the multi-CPU option becomes a standard 
feature where utilization of up to 16 threads is allowed on 
one main board. Figure 1 shows HPC features available.

NEW SOLVER TECHNOLOGY
Despite recent advances in hardware capability, certain 

applications are still too demanding for the core general-
purpose solvers. Particularly challenging problems range 
from complex multi-layer PCBs to large aircraft or ships. 
In either case, the complexity or size of the required so-
lution mesh means that alternative techniques must be 
sought to achieve reasonable simulation times.

There are also physical consequences of driving high 
frequency currents or fields through devices, in particular 
heating and mechanical stress. To fully realize complete 
system simulation, these effects need to be considered in 
the system design.

ASYMPTOTIC SOLVER
In recent versions an integral equation solver (I) was in-

troduced making use of the method of moments (MoM) 
and multi-level fast multipole method (MLFMM). This 
has proved successful for large antennas and aircraft. Fig-
ure 2 shows installed performance simulation of an an-
tenna radiating at around 9.5 GHz. This corresponds to an 
electrical length of the helicopter of ca. 600 wavelengths. 
However, the simulation of electrically huge (thousands 
of wavelengths) operational aircraft and ships at radar fre-
quencies requires other approaches.

CST’s new asymptotic solver uses the recently devel-
oped shooting bouncing ray (SBR) method, an extension 
to physical optics (PO). The technique employs a second- 
order curved surface mesh that avoids mesh singularities. 
Very high accuracy and correlation to full wave solver re-
sults (within full solver limits) is being observed for a wide 
range of examples.

SI/PI SOLVER
CST PCBS was introduced in CST STUDIO SUITE 

2009. With a very easy to use ‘layout’ type interface famil-
iar to PCB designers, the software is able to import and 
quickly calculate S-parameters of nets in PCBs up to four 
or so layers. CST PCBS links to CST DS for larger overall 

SUITE 2010 and how it has become a vital component in 
so many design workflows and system simulations.

ADDITIONS TO CORE SOLVERS
While the core solvers remain time-domain (T) and fre-

quency-domain (F), these are constantly being enhanced, 
driven both by new algorithm research and high perfor-
mance hardware. New in the F solver for version 2010 is 
sensitivity and yield analysis where S-parameter ranges for 
tolerant parameters can be calculated efficiently without 
numerical recalculation.

Also for the F solver, third-order elements and mixed el-
ements are allowed. This combination is ideal for applica-
tions requiring frequency domain simulation that are elec-
trically large but that also have critical small features. For 
the T solver, Nth order material fitting is new and allows 
accurate broadband modeling of critical material proper-
ties. Improved handling of port losses at broadband ports 
increases accuracy for certain applications.

The acquisition of the EM division of Flomerics has 
brought an additional approach to time-domain via the 
transmission line matrix method (TLM). This approach to 
3D EM has strengths in EMC/EMI applications and in-
stalled antenna performance. One of its key benefits is its 
‘compact model’ library, whereby geometrically complex 
components, such as vents and seams (including curved 
models for version 2010) that are difficult to mesh, are 
replaced by accurate circuit representations. Its ‘octree 
meshing’ approach is very efficient for structures with large 
differences in detail.

For version 2010, CST MICROSTRIPES (CST MS) is 
further integrated into CST STUDIO SUITE allowing easy 
model exchange and, key in this release, integration with 
CST DS. As with CST MWS, this allows CST MS blocks to 
be placed in the system simulator with circuit components 
or cascaded. CST MS also now benefits from the import 
of broadband sources from CST PCB STUDIO (CST 
PCBS) or CST CABLE STUDIO (CST CS).

This allows the results of PCB or cable harness simula-
tions to be placed inside an enclosure and then simulated 
with CST MS to give the complete radiated emissions re-
sponse. This decoupled approach leverages the strengths 
of both tools, allowing systems with components on vastly 

s Fig. 1  CST Studio Suite HPC options.



Want a miniature surface mount, shielded plug-in, or rugged 
coaxial voltage controlled oscillator with the right stuff 
for your project? Contact Mini-Circuits! From custom 
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we’ll supply extra robust, 100% tested VCO solutions 
you need at a price you can afford. Choose from narrow to 
broad to octave band widths. Select linear tuning, low 
phase noise, and 5 V models optimized for PLLs and 
synthesizers. And pick from an innovative array of 
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quickly find the model you need using “The YONI2 
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Contact us for our lightning fast response, low prices, and 
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CABLE MODELING
Also in version 2009, CST CS was 

introduced, allowing full cable harness 
simulation inside and outside chassis 
structures. Fully integrated with CST 
DS, it is a major piece of the system 

system simulation. 
In version 2010 a 
technique able to 
solve much more 
complex PCBs and 
obtain output pow-
er delivery network 
(PDN) input im-
pedances is intro-
duced.

This is a 3D 
FEM frequency 
d o m a i n - b a s e d 
method that is 
able to identify 
dominant EM ef-
fects from the PCB 
structure. Com-
plexity is reduced 
by applying selec-
tive EM models in 
critical parts and 
replicating these 
through the struc-
ture. The 3D (FE 
FD) solver is based 
on the frequency-
domain fi nite-
element method, 
combined with a 
domain-decomposition approach. 
Problem-adapted basis functions are 
used to improve simulation perfor-
mance by exploiting the structural 
characteristics of the PCB. Figure 3
shows a screen shot of CST PCBS.

 Fig. 3  Imported PCB for power integrity analysis.

 Fig. 2  Antenna installed beneath an Apache helicopter. Inset shows 
the meshed biconical antenna.
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and interchange formats are cov-
ered. In addition to existing Mentor, 
Zuken and ODB++, direct import of 
Cadence .brd and .mcm files is now 
possible through an advanced import 
filter. With a look and feel familiar to 
layout engineers, this filter allows in-
teractive selection of areas and trac-
es, stack-up editing and component 
placement, all before the 3D model 
is created. An ‘EDA token’ can now 
be purchased to access all aforemen-
tioned imports.

On the post-processing side, sen-
sitivity analysis is introduced as de-
scribed earlier. Farfield processing 
has also been consolidated and im-
proved. For visualization of fields and 
current on the largest structures a new 
plotting engine is incorporated, which 
gives significantly improved graphic 
performance.

CONCLUSION
Building even further on the com-

plete technology theme, CST STU-
DIO SUITE 2010 enhances existing 
solvers and introduces completely 
new ones for the most demanding of 
applications. It leverages high per-
formance computing to offer excel-
lent solution turnaround times. With 
new coupled physics solvers, greater 
integration of all modules and great-
er interoperability, the software will 
allow engineers to consider full sys-
tem simulation before entering the 
test lab.

CST - Computer Simulation  
Technology,  
Framingham, MA  
(508) 665 4400,  
e-mail: info@cst.com,  
www.cst.com.

RS No. 302

simulation puzzle allowing cable radi-
ation (or irradiation) to be taken into 
account. For 2010, a number of en-
hancements are introduced including 
a direct link to the 3D modeler. The 
illustration at the beginning of this ar-
ticle shows a vehicle and cable harness 
simulation in CST CS.

MULTI-PHYSICS SIMULATION
CST MPHYSICS STUDIO in-

corporates the existing thermal solver 
with a new mechanical stress solver. 
This combination allows currents gen-
erated from an EM simulation to be 
used as a heat source, which in turn 
can be used for mechanical stress 
analysis. To complete the loop, the de-
formation arising from the mechanical 
stress can be fed back for sensitivity 
analysis. Figure 4 shows progressive 
field, thermal and mechanical simula-
tions for a cavity filter.

PRE- AND POST-PROCESSING
Advanced modeling capabilities 

such as bending sheets to create con-
formal layers and interactive transfor-
mations have been successfully used 
in applications such as smart phone 
and RFID simulation since being in-
troduced at the end of 2008. In ver-
sion 2010, some key features enhanc-
ing usability for the most complex of 
structures are added. This includes 
full hierarchical component assem-
blies maintained from CAD assembly 
imports, a continuity (connectivity) 
checker for the hexahedral mesh. 
The continuity checker is ideal for 
verifying that EDA trace imports are 
electrically connected. It can also be 
used to check for unintended short 
circuits.

Layout and mechanical imports 
have further been extended in version 
2010 so that virtually all commercial 
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s Fig. 4  The multi-physics analysis of a cavity filter (courtesy of Spinner GmbH).
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The High Frequency Structure Simula-
tor (HFSS™) is a software tool for 3D 
full-wave electromagnetic field simula-

tion. HFSS provides E- and H-fields, currents, 
S-parameters, and near and far radiated field 
results. Intrinsic to this engineering design tool 
is an automated solution process where users 
are only required to specify geometry, material 
properties and the desired output. HFSS au-
tomatically generates an appropriate, efficient 
and accurate mesh for solving the problem us-
ing the proven finite element method (FEM).

HFSS includes many Ansoft-pioneered re-
search and development innovations. These 
breakthroughs have made HFSS a widely used 
software product for solving 3D full-wave elec-
tromagnetic field simulations. The invention 
of tangential vector basis functions enabled 
the highly accurate finite element method for 
electromagnetic field solution. The transfinite 
element method, another Ansoft invention, al-
lows the 3D finite element solution to couple 
to port solutions for fast and accurate multi-
mode S-parameter extractions. Finally, the de-
velopment of automatic mesh generation and 
adaptive refinement was a key innovation for 
reliable, repeatable and efficient results.

NEW IN HFSS 12.0
HFSS 12.0 is a major step forward for three-

dimensional full-wave electromagnetic field 
simulation with new innovations for engineer-
ing simulation and design. The software in-
cludes key updates in mesh generation, solver 
technologies, and enhancements to the user 
interface and the modeler. The most signifi-
cant solver technology enhancement is domain 
decomposition, a technique that allows the tool 
to exploit high-performance computing (HPC) 
capabilities to solve electromagnetic field prob-
lems of unprecedented size and scope. With 
domain decomposition, a single HFSS job can 
be divided into smaller pieces and then distrib-
uted across a network of computers. The use of 
all of the memory across a network allows for 
truly giant simulations with the rigor, accuracy 
and reliability of HFSS.

A faster and more robust meshing algorithm 
generates higher-quality, more efficient tet-
rahedral meshes. This meshing technology is 
particularly effective on complex geometries, 

Ansoft
Pittsburgh, PA
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your drop-in solutions for

several low cost surface

mount control components.

Medium and high power

PIN diode SPST switch

elements are excellent for

test instrumentation, soft-

ware defined radio, and

wireless infrastructures

such as TD-SCDMA,

WiMAX, WiBro, WLAN,

and MIMO OFDM.

High dynamic range

shunt attenuator diodes

are ideal for test instru-

mentation and wireless

infrastructures such as

TD-SCDMA, WiMAX,

WiBro, WLAN, point-to-

point radio, and FWA.

GaAs and silicon

Schottky mixer/detector

diodes are perfect for test

instrumentation, sensors,

and wireless infrastruc-

tures such as point-to-

point radio and FWA.

Call 888-641-7364 or visit

our website for datasheets,

quotes, and samples:

www.aeroflex.com/metelicsMJ

Part
Number Type Freq

Vbr
Min V

Ct
Typ pF

Vf Rs
Max Ω PackageMin mV Max mV

SMGS11 Detector >26.5 5 0.10 620 760 7 0503

SMGS21 Mixer >26.5 – 0.15 620 760 7 0503

SMS201 Detector >26.5 1 0.08 60 120 80 0503

SMS202 Detector <18 1 0.18 60 120 80 0503

• GaAs Schottky diode SMGS11 is ideal for temperature compensated detector.
• GaAs Schottky diode SMGS21 is an anti-parallel pair, ideal for a doubler and harmonic mixer.
• Silicon zero bias Schottky diode SMS201 and SMS202 are simplest for a broadband detector

design, with good sensitivity, -54 dBm typical and no DC bias required.

Part
Number Polarity

Insertion
Loss

dB Typ

Attenuation Value, dB typ.
Package

10 uA 100 uA 1 mA 10 mA 100 mA
MSAT-N25 NIP 0.3 0.4 0.8 5 17 27 2012
MSAT-P25 PIN 0.3 0.4 0.8 5 17 27 2012

• Low distortion vs. forward current, harmonic distortion at 85 dBc typical.
• Broadband performance beyond 10 GHz.

Medium and High Power PIN Diode SPST Switch Elements

High Dynamic Range Shunt Attenuator Diodes

GaAs and Silicon Schottky Mixer/Detector Diodes

Part Number
Rated
Power
Max

Freq
Max

Insertion Loss
Typical

Isolation
Typical Package*

1 GHz 2.7 GHz 1 GHz 2.7 GHz
MSWSE-050-10 50 1 0.15 – 10 – 0805P (SE)
MSWSE-044-10 40 2 0.20 0.25 15 8 0805P (SE)

MSWSHB-020-30 40 10 0.10 0.20 38 40 2012 (SH)
MSWSS-020-40 20 6 0.15 0.30 63 50 2012 (SS)
MEST2G-020-15 20 6 0.20 0.20 25 18 2012 (SE)
MEST2G-010-20 10 10 0.40 0.40 31 23 2012 (SE)
MSWSE-010-15 10 2 0.25 0.25 18 9 0503 (SE)
MSWSE-005-15 5 6 0.30 0.60 24 17 0503 (SE)

*Configurations: series (SE), shunt (SH), and series shunt (SS)

Footprints actual size: 0503 0805P 2012

MWJ/AEROFLEX/DIODES/1009

Visit http://mwj.hotims.com/23292-3 or use RS# 3 at www.mwjournal.com/info
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http://mwj.hotims.com/23292-3
http://www.mwjournal.com/info


Product Feature

120  MICROWAVE JOURNAL n NOVEMBER 2009

load, offering in some cases better 
than linear speed improvements with 
each additional processor.

Figure 2 shows a seven-element 
phased array of helix elements simu-
lated in HFSS 12.0 across the 3 to 
4 GHz S-band. The array is excited 
uniformly to provide broadside ra-
diation. Mutual coupling among the 
elements and edge effects of the fi-
nite-sized ground plane are included 
because the array was simulated with 
all the elements and ground plane 
present. Such a model is useful for 
understanding these effects and for 
preliminary design. Of course anten-
nas are ultimately installed on some 
larger system. Figure 3 shows the 
helix array placed on a satellite. Real 
estate is precious on a satellite plat-
form and other services must share 
space on the spacecraft. Another 
high-gain antenna is also mounted 
on the spacecraft with the poten-
tial of disrupting radiation from the 
helix array. HFSS 12.0 with domain 
decomposition was used to simulate 
both antennas and the spacecraft in 
a single simulation. As can be seen in 
the figure, field interaction is signifi-
cant when the array beam is steered 
10° off bore-sight. The radiation of 
the array interacts with the back side 
of the high-gain reflector antenna. 

HIGH-PERFORMANCE 
COMPUTING (HPC) 
TECHNOLOGIES

The HFSS High-Performance 
Computing (HPC) options enable 
intra- and inter-machine parallel solv-
ing and processing that distribute and 
speed the solution.

Domain Decomposition Method 
(DDM)

DDM enables the simulation of 
very large models by accessing the 
memory of a network of machines. 
Figure 1 shows how DDM splits 
the finite-element mesh of the ge-
ometry automatically into a number 
of smaller mesh sub-domains. HFSS 
determines the optimum number 
of domains, depending on the mesh 
size and the number of computers 
and processors available. The do-
mains are analyzed separately on a 
single machine or on a network of 
machines, after which an iterative 
procedure on the domain interfaces 
reconstructs the full solution. This 
network memory access allows the 
simulation of very large models for 
which one machine might not have 
enough memory. It also reduces 
simulation time and overall memory 

especially those imported from exter-
nal 3D CAD tools. Other important 
enhancements include mixed element 
orders, curvilinear elements and ad-
joint derivative computation. Ease of 
use and automation in the user inter-
face has been improved and include 
additional modeler capabilities such 
as sheet wrapping and imprinting. Ad-
vanced integration with load-sharing 
utilities and an Ansoft-developed Re-
mote Solve Manager (RSM) provide 
integration within popular comput-
ing environments. These advances in 
HFSS 12.0 enable electrical engineers 
to expand their solution capability, ex-
ploit HPC hardware and fully inte-
grate electromagnetics analysis into 
their design processes.

HFSS HPC OPTION
The HPC Option in HFSS 12.0 en-

ables new solver technology using An-
soft’s breakthrough implementation of 
the domain decomposition method. 
With the HPC option, large-scale 
simulations can be solved across a 
network of machines using all of their 
available memory.

HFSS 12.0 has seamless, out-of-
the-box integration with industry 
standard schedulers (computer queu-
ing systems) to allow engineering 
organizations to combine the power 
of HFSS with Load Sharing Facility 
(LSF), from Platform, Windows HPC 
Scheduler, from Microsoft, Portable 
Batch System (PBS) from Altair, and 
Sun Grid Engine (SGE).

These enhancements allow engi-
neers to simulate and design at a scale 
and speed never before possible. Us-
ers of this latest version of HFSS soft-
ware can achieve a dramatic reduction 
in development time and costs while 
at the same time realizing increased 
reliability and design optimization.

s Fig. 1  Domain decomposition divides 
mesh across network to solve large problems.

s Fig. 3  Ansoft HPC with domain decom-
position solved the helix array on a spacecraft 
with other antennas nearby (1.3 M tetrahe-
dra, 25 M unknowns, 35 computer cores).

s Fig. 2  Seven-element helix array (a) show-
ing uniform excitation at S-band with mutual 
coupling and ground plane edge effects (b).
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vice tuning, tolerance evaluation and 
optimization. These derivatives are 
employed to speed up the sequential 
nonlinear programming (SNLP) op-
timizer included with the Optimet-
rics™ add-on program.

CONCLUSION
HFSS has been used the world 

over to design electronic and micro-
wave products from smart phones to 
high-speed computer backplanes to 
high-performance antenna systems. 
The HPC options in HFSS allow en-
gineers to solve giant electromagnetic 
simulations on a network of comput-
ers using all of the available memory. 
A new meshing engine provides even 
more reliable and high-quality FEM 
meshes that simulate even faster. New 
element technologies enable true 
curved surface simulation represent-
ing the fields along those surfaces per-
fectly without approximation. Mixed 
element orders provide numerical 
efficiency and accuracy from very 
concentrated regions of the problem 
to very open regions. Adjoint deriva-
tives provide engineers data on the 
local sensitivity of their designs with 
respect to project variables like mate-
rial properties, geometry and bound-
ary conditions.

Ansoft,  
Pittsburgh, PA (412) 261-3200, 
www.ansoft.com/hfss.

RS No. 304

meshing. By following this proce-
dure, HFSS can reliably mesh ge-
ometries imported from other CAD 
tools while creating an even higher 
quality mesh for finite element simu-
lation.

NEW ELEMENT TECHNOLOGIES
Curvilinear elements and mixed 

element orders allow for higher accu-
racy and more efficient distribution 
of computational resources. Curvilin-
ear elements model the fields exactly 
on curved surfaces and in these cases 
provide higher accuracy even with a 
coarser mesh discretization. Mixed 
element orders allow for an automat-
ed and judicious localized application 
of element order based on geometry 
and electromagnetic requirements. 
Smaller features are solved more 
efficiently by lower-order elements 
while large homogenous regions ben-
efit from higher-order elements, all 
element orders being automatically 
and appropriately “mixed” in one 
mesh. Mesh refinement is now per-
formed on both the size and order of 
the elements.

ADJOINT DERIVATIVES
Adjoint derivative computation 

provides a highly efficient and ac-
curate procedure to evaluate the de-
rivatives of S-parameters with respect 
to geometric and material model pa-
rameters. This technique provides 
sensitivity information for use in de-

The size and scope of this simulation 
is unique in full-wave simulators.

Multiprocessing (MP)
The multiprocessing option is used 

for solving models on a single machine 
with multiple processors or multiple 
cores that share RAM. Operations 
during the solution process are paral-
lelized across the available cores on a 
machine thus significantly reducing 
the simulation time.

Distributed Solve Option (DSO)
The DSO option allows users to 

distribute parametric sweeps to ex-
plore variations in geometry, materi-
als, boundaries and excitations. Addi-
tionally, users can distribute frequen-
cy sweeps to generate responses over 
a broad frequency band of interest. 
This time-saving capability splits mul-
tiple pre-defined parametric design 
variations and/or frequency points, 
solves each simulation instance on a 
separate machine and then reassem-
bles the data. This dramatically accel-
erates parametric studies and design 
optimization.

VOLUMETRIC MESHING
A new highly robust volumetric 

meshing technique results in even 
more efficient and higher-quality 
meshes that reduce memory and 
simulation time. The new technique 
meshes the 3D volume with uniform-
ly distributed tetrahedra, followed 
by boundary refinement and surface 

http://www.ansoft.com/hfss
http://mwj.hotims.com/23292-125
http://wavelineinc.com
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IN STOCK

DC to 18 GHz  from 

$6895
ea. (qty. 1-9)

CABLES6
       TEST
FLEX 

GUARANTEE* FLEX
mo.

6GUARANTEE 
mo.

TM

 Strength, ruggedness, and reliability…supercharged! That’s what you get 
when you choose Mini-Circuits ultra-flexible precision test cables. 
Engineered to be a workhorse for your day-to-day test operations, these 
triple shielded cable assemblies are qualified to at least 20,000 bends, 
employ an advanced strain relief system, and are equipped with 
passivated stainless steel connectors, so you can rely on them to 
flex, connect and disconnect over and over and over again! 
They're so rugged, each test cable is backed by our 6 month guarantee*! 
With low insertion loss and very good return loss, you can also rely on 
getting good performance over the wide DC-18 GHz band. Visit our 
website to choose and view comprehensive performance curves, data 
sheets, and environmental specifications.   
                                      

       RoHS complianto S

Frequency Range: DC-18 GHz, Impedance: 50 ohms
Models Connector  Length Inser. Loss (dB) Return Loss (dB) Price 
 Type (Ft.) Midband Midband $ ea.
   Typ. Typ. Qty. (1-9)
Flex TesT Cables      Male to Male
CBL-1.5 FT-SMSM+ SMA 1.5 0.7 27 68.95
CBL-2FT-SMSM+ SMA 2 1.1 27 69.95
CBL-3FT-SMSM+ SMA 3 1.5 27 72.95
CBL-4FT-SMSM+ SMA 4 1.6 27 75.95
CBL-5FT-SMSM+ SMA 5 2.5 27 77.95
CBL-6FT-SMSM+ SMA 6 3.0 27 79.95
CBL-10FT-SMSM+ SMA 10 4.8 27 87.95
CBL-12FT-SMSM+ SMA 12 5.9 27 91.95
CBL-15FT-SMSM+ SMA 15 7.3 27 100.95
CBL-25FT-SMSM+ SMA 25 11.7 27 139.95
CBL-2FT-SMNM+ SMA to N-Type 2 1.1 27 99.95
CBL-3FT-SMNM+ SMA to N-Type 3 1.5 27 104.95
CBL-4FT-SMNM+ SMA to N-Type 4 1.6 27 112.95
CBL-6FT-SMNM+ SMA to N-Type 6 3.0 27 114.95
CBL-15FT-SMNM+ SMA to N-Type 15 7.3 27 156.95
CBL-2FT-NMNM+ N-Type 2 1.1 27 102.95
CBL-3FT-NMNM+ N-Type 3 1.5 27 105.95
CBL-6FT-NMNM+ N-Type 6 3.0 27 112.95
CBL-10FT-NMNM+ N-Type 10 4.7 27 156.95
CBL-15FT-NMNM+ N-Type 15 7.3 27 164.95
CBL-20FT-NMNM+ N-Type 20 9.4 27 178.95
CBL-25FT-NMNM+ N-Type 25 11.7 27 199.95
                                  Female to Male
CBL-3FT-SFSM+     SMA-F to SMA-M 3 1.5 27 93.95 
CBL-2FT-SFNM+ SMA-F to N-M 2 1.1 27 119.95
CBL-3FT-SFNM+ SMA-F to N-M 3 1.5 27 124.95
CBL-6FT-SFNM+ SMA-F to N-M 6 3.0 27 146.95
aRmoReD Cables       Male to Male
APC-6FT-NM-NM+ N-Type 6 3.0 27 181.95
APC-10FT-NM-NM+ N-Type 10 4.8 27 208.95
APC-15FT-NM-NM+ N-Type 15 7.3 27 243.95

       Tough armored Cables are steel triple shielded     
and qualified to at least 25,000 
bends. They're so rugged they can 
even pass a crush test of a 600lb.    
nitrogen tank over the cable 1000 
times, without any change in      
electrical performance. 

New!

6
       TEST
FLEX 

GUARANTEE* FLEX
mo.

6GUARANTEE 
mo.

*Mini-Circuits will repair or replace your test cable at its option if the 
connector attachment fails within six months of shipment. This guarantee 
excludes cable or connector interface damage from misuse or abuse.

metric sizes available on our Website
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2 W  & 5 W 
DC to18 GHz  ATTENUATORS

$2995
ea. (1-49)from

    MODELS  (Add Prefix BW- )            
2 W SMA 5 W SMA 5 W Type-N 
     
$29.95 $44.95 $54.95        Nominal     Accuracy*
S1W2 S1W5 N1W5  1   ±0.40 
S2W2 S2W5 N2W5  2   ±0.40 
S3W2 S3W5 N3W5  3   ±0.40 

S4W2 S4W5 N4W5  4   ±0.40 
S5W2 S5W5 N5W5  5   ±0.40 

S6W2 S6W5 N6W5  6   ±0.40 

S7W2 S7W5 N7W5  7   -0.4, +0 .9 
S8W2 S8W5 N8W5  8   ±0.60 
S9W2 S9W5 N9W5  9   -0.4, +0.8 

S10W2 S10W5 N10W5  10   ±0.60 

S12W2 S12W5 N12W5  12   ±0.60 
S15W2 S15W5 N15W5  15   ±0.60 

Attenuation (dB)

Rugged Stainless Steel Construction, High Repeatability, Miniature Size, Low Cost, 
and Off-The-Shelf Availability are some of the features that make Mini-Circuits “BW” 
family of precision fixed attenuators stand above the crowd! This extremely broad 
band DC to 18 GHz series is available in 5 watt Type-N and 2& 5 watt SMA coaxial 
designs, each containing 15 models with nominal attenuation values from 1 to 40 dB. 
Built tough to handle 125 watts maximum peak power, these high performance 
attenuators exhibit excellent temperature stability, 1.15:1 VSWR typical, and cover a 
wealth of applications. So contact Mini-Circuits today, and capture this next generation of 
performance and value!  Mini-Circuits...Your partners for success since 1969

INÊ STOCK

Now Available! Adapters ( Prices: qty. 1-49 )

      SMA to BNC           Type-N to Type-N  
  DC-2 GHz  $395 ea.         DC-6 GHz  $995 ea.

 Type-N to SMA             
        DC-18 GHz $2295 ea.

 SMA to SMA          QUICK CONNECT  SMA  

                           DC-18 GHz  from  $495 ea. o S
C O M P L I A N T

To order Attenuators as RoHS, add + 
to base model No. Example: BW-S1W2+
Adapters available as RoHS, see web site.
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It goes without saying that components 
and sub-assemblies supporting today’s 
defense equipment, such as military ra-

dio receivers and counter-IED solutions, 
must be rugged, light and reliable. Increas-
ingly critical, however, are a host of beyond-
requisite demands that reflect today’s new 
military procurement and combat realities. 
One example is the dictum that communica-
tions technologies must operate over wider 
and more numerous frequency bands in sup-
port of the equally wide variety of electron-
ics being deployed at the warfighter level and 
across all branches of the military. Then there 
is the intense downward pressure on procure-
ment costs and bills of materials, ironically 
paired with intense upward pressure to pack 
ever-more functionality into the ever-smaller 

gear being deployed to today’s multi-mission 
armed service members.

Anaren has recently introduced a new 
family of couplers designed specifically for 
both these traditional and emerging require-
ments. Leveraging its original innovation and 
subsequent track record in multilayer, strip-
line components in the commercial wireless 
infrastructure sector, the company has ex-
panded its popular Xinger®-brand packaging 
approach to the military side with three new 
couplers specifically designed to cover the 
wide range of frequencies utilized by military 
equipment OEMs, while reducing both cost 
and component footprints.

Anaren Inc.
East Syracuse, NY
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Satellite
RF Link emulation
and link budget testing
for payload and terminal
development. System allows
phase continuous Doppler,
delay, path loss, phase shift and
flat fading to be independently
programmed  for each channel.
Multiple  channels permits
satellite or earthstation handoff
emulation for full constellation
testing.

  V-SAT earth station development
Mobile terminal testing

WIN-T       - warfare information  networks, tactical
MUOS        - mobile user objective system
IRIS            - Internet routing in space
Terrestar   - mobile communications

Solutions provided for...

Payload communications testing

SATCOM Test Equipment

RF Test Equipment for Wireless Communications

dBm, LLC
32A  Spruce Street      Oakland,  NJ 07436
Tel (201) 677-0008        Fax (201) 677-9444

www.dbmcorp.com

The XC0600B-03P 3 dB hybrid 
coupler operates from 225 to 1000 
MHz and features an insertion loss of 
0.70 dB maximum, a phase balance 
of 90° ± 5.0° maximum, an ampli-
tude balance of ± 0.6 dB maximum, a 
maximum VSWR of 1.33:1 and 17 dB 
of minimum isolation. The coupler is 
rated to handle power levels up to 75 
W CW. The package dimensions are 
0.5  1.0  0.22 inches.

The XC4300-E-03P is also a 3 dB 
hybrid coupler that operates over the 
2500 to 6000 MHz frequency range. 
This device features a low insertion 
loss of 0.25 dB maximum, a phase 
balance of 90° ± 4.0° maximum, an 
amplitude balance of ±0.75 dB maxi-
mum, a maximum VSWR of 1.3:1 
and 21 dB of minimum isolation. 
The coupler is rated to handle power 
levels up to 100 W CW. The package 
dimensions are 0.20  0.56  0.089 
inches.

The third device in the new fam-
ily is the XC4300-A-20P. This 20 
dB directional coupler also operates 
over the 2500 to 6000 MHz frequen-
cy range with a low insertion loss of 
0.2 dB maximum, a mean coupling 
of ±1.0 dB maximum, a maximum 
VSWR of 1.3:1 and 18 dB of mini-
mum directivity. The coupler is rated 
to handle power levels up to 100 W 
CW.

These three new Anaren Xinger-
brand packaged couplers bring high 
performance and reliability to mili-
tary broadband applications reducing 
the cost, parts count and foot print 
for many demanding applications.

Anaren Inc.,  
East Syracuse, NY  
(315) 432-8909,  
www.anaren.com.

RS No. 305

SOLID AND HIGHLY REPEATABLE 
PERFORMANCE

The new Anaren couplers feature 
low insertion loss, excellent phase 
balance, less amplitude imbalance 
and high isolation. The new parts are 
also much less frequency sensitive 
and feature considerably more power 
handling capability, as well as a high-
er maximum operating temperature. 
In addition, they are available in a 
lead free version.

Pushing the frequency of operation 
up to 6 GHz, Anaren’s new wideband 
couplers are available in three for-
mats—the smallest measuring only 
0.20  0.56  0.089 inches—and, 
like their commercial-grade counter-
parts, are 100 percent RF tested and 
fully compatible with high-volume, 
automated pick and place equipment. 
They are the first in a family of such 
military components the company in-
tends to put in its pipeline over time.

Join the  
Microwave Journal Community 

on Facebook.

http://www.dbmcorp.com
http://mwj.hotims.com/23292-30
http://www.anaren.com


0.5 to 2000 MHz MIXERS

ADE-1

( ea. qty. 1000 )

*Typical Specifications: ADE-1 ADE-2 ADE-11X
 Frequency LO/RF (MHz) 0.5-500 5-1000 10-2000
 Frequency LO/IF (MHz) DC-500 DC-1000 5-1000
 LO Level (dBm) 7 7 7
 IP3 (dBm) 15 20 9
 Conv. Loss (dB) 5.0 6.67 7.1
 L-R Isolation (dB) 55 47 36
 L-I Isolation (dB) 40 45 37
 Dimensions: L.310”xW.220”xH .162” .112” .112”
*Specified midband unless otherwise noted.
 Price $ea. (Qty. 25) 2.49 2.49 2.49
 Protected by U.S. patent 6133525.

In today’s tough economic times there is no choice, reducing cost 
while improving value is a must. Mini-Circuits has the solution…
pay less and get more for your purchases with our patented frequency 
mixers ADE-1, ADE-2, and ADE-11X. Total solutions for high performance, 
reliability, and value…and they cost only $1.69 each (quantity 1000), 
with prices even lower at higher quantities!  
Right from the start, we’ve embedded premium advantages into these level 7 
mixers such as broad bandwidths, low conversion loss, excellent L-R 
isolation, and IP3 as high as +20 dBm. These units also feature our low 
profile surface mount package with open cover to allow high reliability 
water wash, tin plated leads for excellent solderability and RoHs 
compliance, and all-welded connections which reduce parasitic 
inductance and improve reliability. In fact, these units are so 
reliable that they are backed by our exclusive 2 year guarantee.  
Mini-Circuits...Your partners for success since 1969
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Sustained growth in wireless communica-
tions and greater demands for bandwidth 
place tremendous pressure on compo-

nent manufacturers to provide high perfor-
mance, surface-mount technology (SMT) 
packaged products. The market is seeking 
low-cost, SMT components for high volume 
printed circuit board (PCB) assembly flow, par-
ticularly for applications such as point-to-point 
(PTP) digital radio at microwave and millime-

ter-wave frequencies. The drivers for industry 
growth in the PTP market are next generation 
data services and the rapid expansion of cellu-
lar usage in developing nations such as China 
and India. In order to meet the performance, 
cost and time to market requirements of these 
systems, OEMs are turning to complete SMT 
chipset solutions.

Mimix Broadband’s new 38 GHz Mimix 
SmartSet products are high performance, 
highly integrated devices that are offered in 
SMT packages and include a receiver, up-con-
verter, driver amplifier and power amplifier. 
The Mimix SmartSets offer industry leading 
performance and are consistent with typical 
requirements for high performance PTP ETSI 
38 GHz Radios. The SMT packages offer a 
number of advantages, including low cost, ease 
of handling and assembly, and suitability for 
mass production.

Figure 1 shows the functional schemat-
ic for a transceiver using the 38 GHz Mimix 

Mimix Broadband Inc.
Houston, TX
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New SMT 38 GHz 
CHipSeT MeeTS MarkeT 
NeedS

ExEcutivE intErviEw SEriES

MwJ SpEakS with klauS-DiEtEr BEck, hEaD of SalES anD MarkEting, raDar anD 
SatEllitE DiviSion, SpinnEr gMBh.

viSit www.MwJournal.coM to rEaD thiS in-DEpth intErviEw.

s Fig. 1  Mimix SmartSet: 38 GHz transceiver. 
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• Wide Frequency Range . . . 18–40 GHz
• High Isolation . . . . . . . . . >17 dB
• Low Insertion Loss . . . . . 1.6-3.4 dB typ.

• Amplitude Balance . . . . . ±0.4 dB typ.
• Phase Unbalance . . . . . . ±2° typ.
• Input/Output VSWR . . . . . 1.7:1 typ.

100 Davids Drive, Hauppauge, NY 11788
Tel: 631-436-7400 • Fax: 631-436-7430

www.miteq.com

For additional information or technical support,
please contact our Sales Department at (631) 439-9220

or e-mail components@miteq.com

For additional information or technical support,
please contact our Sales Department at (631) 439-9220

or e-mail components@miteq.com

RF INPUT PARAMETERS UNITS MINIMUM MAXIMUM

RF frequency range GHz 18 40
Insertion loss dB 1.5
Isolation dB 17
Input VSWR Ratio 1.8
Output VSWR Ratio 1.7
Phase unbalance Degrees ±5.0
Amplitude balance dB ±0.5

RF frequency range GHz 18 40
Insertion loss dB 2.5
Isolation dB 17
Input VSWR Ratio 1.8
Output VSWR Ratio 1.7
Phase unbalance Degrees ±5.0
Amplitude balance dB ±0.5

RF frequency range GHz 18 40
Insertion loss dB 3.5
Isolation dB 17
Input VSWR Ratio 1.8
Output VSWR Ratio 1.7
Phase unbalance Degrees ±5.0
Amplitude balance dB ±0.5

2 Way Power Divider - Model D0289

8 Way Power Divider - Model D0889

4 Way Power Divider - Model D0489

Features
• Wide Frequency Range . . . 18–40 GHz
• High Isolation . . . . . . . . . >17 dB
• Low Insertion Loss . . . . . 1.6-3.4 dB typ.

• Amplitude Balance . . . . . ±0.4 dB typ.
• Phase Unbalance . . . . . . ±2° typ.
• Input/Output VSWR . . . . . 1.7:1 typ.

100 Davids Drive, Hauppauge, NY 11788
Tel: 631-436-7400 • Fax: 631-436-7430

www.miteq.com
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SmartSet. On the transmit (TX) side, 
the IF1 and IF2 inputs are applied 
through a 90 degree hybrid for im-
age rejection. The XU1019-QH up-
converter is balanced, so the compli-
mentary outputs IF1* and IF2* are 
also brought out, and normally termi-
nated to 50 ohms. The 2xLO leakage 
can be minimized by tuning the DC 
bias on the main and complimentary 
IF signals. If further 2xLO rejection 
is required, the signal is filtered after 
the output of the transmitter through 
a bandpass filter (BPF). Gain is pro-
vided by the linear driver amplifier 
XB1014-QT, and the power amplifica-
tion and detector functions are imple-
mented in the XP1080-QU. Linear 
gain control of the Tx lineup can be 
achieved through drain current con-
trol of the XU1019-QH, XB1014-QT 
and XP1080-QU. The received signal 
is coupled into the XR1008-QB re-
ceiver, which integrates a low noise 
amplifier and image reject mixer.

XR1008-QB PACKAGED 38 GHZ 
RECEIVER

A receiver chain is traditionally 
designed using up to four MMICs: 
an LNA that provides the optimum 
noise figure; an image reject mixer 
with high linearity performance; an 
LO driver amplifier; and often, a fre-
quency doubler for the LO input. In 
this device, all of these functions are 
combined into a single SMT chip.

The XR1008-QB offers 12 dB 
conversion gain, 20 dB image rejec-
tion and 4 dB noise figure (see Fig-
ure 2). The device is offered in a 
7  7 mm surface-mount package that 
can be installed onto radio boards us-
ing standard SMT manufacturing lines.

XB1014-QT PACKAGED 38 GHZ 
LINEAR DRIVER AMPLIFIER

This small, low cost, three-stage 37 
to 40 GHz GaAs MMIC driver ampli-

14

12

10

8

6

4039
FREQUENCY (GHz)

USB LSB USB LSBUSB LSB

(a)

3837 40393837 40393837
FREQUENCY (GHz)

(b)
FREQUENCY (GHz)

(c)

C
O

N
V

ER
SI

O
N

 G
A

IN
 (

dB
)

–10

–15

–20

–25

–30

–35

–40

IM
A

G
E 

R
EJ

EC
TI

O
N

 (
dB

c)

6.0

5.0

4.0

3.0

2.0

1.0

0

N
F 

(d
B

)

s Fig. 2  Conversion gain (a), image rejection (b) and noise figure (c) of the XR1008-QB.



LAVI

  Very low distortion

 MIXERS 
 +36 dBm IP3     2 to 2500 MHz

Mini-Circuits shielded LAVI frequency mixers deliver the breakthrough combination of very high 
IP3 and IP2, ultra-wideband operation, and outstanding electrical performance. By combining our 
advanced ceramic, core & wire, and semi-conductor technologies, we’ve created these evolutionary 
patented broadband mixers that are specially designed to help improve overall dynamic range.
With a wide selection of models, you’ll find a Lavi mixer optimized for your down converter and 
up converter requirements. Visit the Mini-Circuits website at www.minicircuits.com for comprehensive 
performance data, circuit layouts, and environmental specifications. Price & availability for on-line 
ordering is provided for your convenience.
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Typical 38 GHz Tx paths require 
some level of ATPC, and the XB1014-
QT gain turn-down while maintaining 
linear performance is easily achieved 
by control of the drain currents. The 
device is offered in a low cost 3  3 
mm plastic QFN package. Typical 
gain and OIP3 performance curves 
are shown in Figure 3.

XP1080-QU PACKAGED 38 GHZ 
LINEAR POWER AMPLIFIER

Mimix Broadband’s four-stage 37 
to 40 GHz GaAs MMIC power am-
plifier has a small-signal gain of 22 dB 
with an OIP3 of 38 dBm. An on-chip 
temperature compensated power de-
tector has a useable dynamic range of 
greater than 25 dB.

This device is a highly compact, 
low-cost amplifier ideally suited for 
the digital microwave radio market. 
The amplifier comes in a 7  7 mm 
QFN-style package, giving the user 
an easy-to-install 38 GHz power am-
plifier product with excellent linear 
performance. Typical gain and OIP3 
performance curves are shown in  
Figure 4.

fier has a small-signal gain of 21 dB 
with an OIP3 of 30.5 dBm. The device 
delivers 22 dBm of saturated power, 
and P1dB of 19.5 dBm.

s Fig. 3  Small-signal gain (a) and OIP3 (b) 
of the XB1014-QT.
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XU1019-QH PACKAGED 38 GHZ 
UP-CONVERTER

Mimix Broadband’s 38 GHz up-
converter integrates a mixer, RF buf-
fer, LO buffers and LO doubler. The 

s Fig. 4  Small-signal gain (a) and OIP3 (b) 
of the XP1080-QU.
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The information you need, from the 
technology leaders you trust.

Understanding Phase Versus Temperature  
Behavior “The Teflon™ Knee” 
White Paper, Micro-Coax

Getting the Right Outdoor Communications 
Connectors: Standards, Testing and Other 
Important Attributes
Steve Loyal, HARTING North America 

Impact of X-parameters in the 
System Design Flow
White Paper,  Agilent Technologies

T3 Mixer Primer: A Mixer for the 21st Century
Ferenc Marki  & Christopher Marki, Ph.D., Marki Micowave

Check out these new online Technical Papers featured 
on the home page of  Microwave Journal and the 
MWJ white paper archive in our new Technical 
Library (www.mwjournal.com/resources)

balanced mixer 
uses an image re-
jection configura-
tion, offering good 
nominal 2LO 
leakage into the 
RF port. This 
performance can 
be enhanced by 
applying appro-
priate DC bias to 
the four IF lines 
coming out of 
the package (IF1, 
IF1*, IF2, IF2*). 
The bias is applied 
through simple 
bias tees in line 
with the IF ports 
and can be tuned 
to various levels of 
complexity (over 
frequency, over 
temperature), de-
pending on the 
level of 2LO 
leakage the user 
has allowed. The 
addition of image 
rejection in the 
up-converter re-
sults in minimal or 
no Tx filtering re-
quired, depending 
on power detector 
accuracy require-
ments.

The up-con-
verter achieves 7 
to 9 dB gain across 
the 38 GHz band, 
20 dBc image rejection and tuned RF 2LO isolation 
of greater than 17 dB, as shown in Figure 5. The device 
comes in a 4  4 mm QFN package.

“MIMIX SMARTSET SOLUTIONS”
The concept of Mimix SmartSet Solutions has been ap-

plied not only to 38 GHz, but to all the major PTP bands, 
providing the industry with highly integrated devices that 
are offered in SMT packages and include a receiver, up-
converter, driver amplifier and power amplifier. The SMT 
packages offer a number of advantages, including low cost, 
ease of handling and assembly, and suitability for mass pro-
duction.

Mimix Broadband Inc. 
Houston, TX  
(281) 988-4600,  
www.mimixbroadband.com.

RS No. 303

s Fig. 5  USB conversion gain (a), image 
rejection (b) and 2×LO isolation (c) of the 
XU1019-QH.
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Power SenSor Pwr-6G+ Package
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Includes:
PWR-SEN-6G+ Power Sensor Unit
Power Data Analysis Software
SMA Adaptor, USB Cable

       Fully loaded software features
 • Power data analysis
 • Power level offset
	 • Scheduled data recording
	 • Averaging of measurements
 • Interface with test software
	 • Multi sensor support software
        (up to 16 sensors support software) 

 
 

• Compatible with LabVIEWTM, Delphi, 
   C++ and Visual Basic software

LabVIEW is a registered trademark of National Instruments Corp.
Delphi and C++ are registered trademarks of Codegear LLC. 
Visual Basic is a registered trademark of Microsoft Corporation. 
The Mini-Circuits USB Power Sensor is not affiliated with 
any of the programming software referenced above.

                                           Now, Mini-Circuits offers a USB Power Sensor      
                                         and software together with your laptop that will    
                                        reduce your equipment costs and provide new 
application features that will simplify your power measurements. Having a  
measurement range of -30 to +20 dBm at frequencies from 1 to 6000 MHz.  
The PWR-6G+ is supplied with easy-to-use, Windows-compatible 
measurement software to speed and simplify your power measurements, 
allowing you to set as many as 999 averages and to record results for further 
analysis. The PWR-6G+ USB Power Sensor provides 0.01-dB measurement 
resolution and impressive accuracy over temperature.
Visit the Mini-Circuits’ web site at www.minicircuits.com to learn more. 
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Software Update

LINC2 FILTER PRO SOFTWARE RELEASE
ACS has recently released a new version of its LINC2 filter synthesis soft-
ware. LINC2 Filter Pro version 1.18 adds new capabilities for exporting 
design and analysis data to other programs. This new version can send filter 
analysis data, including frequency response data, to Excel and other pro-
grams for creating user designed charts and custom documentation of filter 
performance. CSV files can be automatically created that capture the filter’s 
S-parameters or other performance data (such as group delay and attenua-
tion characteristics). Distributed filters implemented in microstrip and strip-
line can automatically be rendered in both schematic and layout windows. 
The wizard-like GUI quickly and effortlessly guides the user through the 
process of entering the specifications for the automatic synthesis of a wide 
variety of filters.

Applied Computational Sciences LLC, Escondido, CA  
(760) 612-6988, www.appliedmicrowave.com.

RS No. 310

SOFTWARE FOR COMPLIANT TESTING 

AR’s SW1006 software is a standalone program that combines conduct-
ed immunity test software, radiated susceptibility test software and pre-
compliance conducted and radiated emissions test software into one 
user-friendly package suitable for corporate to professional test lab us-
ers. The software automatically performs both calibration and immunity 
testing in full compliance with IEC 61000-4-3, 4-6; MIL STD 461/462 
RS103, CS114 and RTCA/DO160 Section 20 specifications. In addi-
tion, the program supplies the user with selectable test parameters and 
a “thresholding” mode for pre-compliance investigation of equipment 
susceptibility. 

AR RF/Microwave Instrumentation,  
Souderton, PA  

(215) 723-8181, www.ar-worldwide.com.
RS No. 311

PLL PHASE NOISE SOFTWARE

The widely popular PLL Phase Noise Calculator tool on Hittite’s web-
site was specifically designed to help synthesizer designers select the 
best Hittite divider, phase frequency detector and VCO for their PLL 
circuit needs. The interrelation of these building blocks is critical to 
achieving optimal PLL phase noise, and each component in the PLL 
circuit will impact overall performance. A graphical interface guides 
the user through the component selection process, and the calculator 
uploads the key performance attributes for each Hittite component 
selected. The PLL Phase Noise Calculator quickly provides the phase 
noise contribution of each PLL element, as well as the total for the 
entire loop.

Hittite Microwave Corp.,  
Chelmsford, MA (978) 250-3343, www.hittite.com.

RS No. 312

VISUAL SYSTEM SIMULATOR

AWR announced Version 2009 of its Visual System Simulator (VSS) 
software for the end-to-end design and optimization of communica-
tions systems. The versatile simulation tool now supports AWR Con-
nected™ for Rohde & Schwarz that adds real-world test signals from 
the company’s R&S WinIQSIM2 instrument software to the simulation 
to produce much greater accuracy than generic waveforms. VSS Version 
2009 also features a new LTE communication library, many new RF 
component models and measurement enhancements that let users gain 
greater insight into performance of their designs throughout the design 
cycle. The pre-release of Visual System Simulator software Version 2009 
is available now to qualified customers. 

AWR, El Segundo, CA (310) 726-3000, www.awrcorp.com.
RS No. 314
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Software UpdateSoftware Update

NSI 2000 ANTENNA MEASUREMENT SOFTWARE
The NSI 2000 antenna measurement software is an integrated software 
package that contains far-field, planar, cylindrical and spherical near-
field test capabilities. The software consists of an acquisition module, a 
data display and processing module, and an optional scripting module 
that allows for full customization of all processes. This software repre-
sents the most advanced antenna measurement software available in 
industry today allowing for fully automated high-speed data acquisi-
tion controlling all axes of motion, test range RF instrumentation and 
antenna control electronics. Data is displayed in 3D format as shown 
above and the user has full control of coordinate systems, amplitude or 
phase modulation.  

Nearfield Systems Inc.,  
Torrance, CA (310) 525-7000, www.nearfield.com.

RS No. 313

   NON-LINEAR TRANSISTOR LIBRARY
Modelithics Inc. has announced the release of an enhanced version of 
the Non-Linear Transistor Model Library for AWR Microwave office. 
This latest release features new models for TriQuint GaAs HFET, NEC 
LDMOS FET and Excelics HEMT devices. The Modelithics® NLT 
Library addresses accurate predictions of noise, substrate-scalability, 
temperature dependence, broad-bandwidth, non-linearities and high 
power, among other stringent requirements of state-of-the-art RF and 
microwave design. This upgrade will be forwarded, free of charge to 
all customers currently under a Modelithics Platinum Maintenance 
contract for the NLT Library or The Modelithics Library Complete for 
Microwave Office. See release notes at www.modelithics.com/products.
asp for details. 

Modelithics Inc., Tampa, FL (888) 359-6359,  
wwww.modelithics.com.

RS No. 315
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Just Published
The Six-Port Technique with 
Microwave and Wireless 
Applications
Fadhel M. Ghannouchi and Abbas 
Mohammadi

One of the main issues in microwave and 
wireless system design is to ensure high 
performance with low cost techniques. The 
six-port technique helps allow for this in 
critical network design areas. This practical 

resource offers you a thorough overview the six-port technique, from 
basic principles of RF measurement based techniques and multiport 
design, to coverage of key applications. 

• Hardcover • 252 pp.  • 2009 • ISBN: 978-1-60807-033-6 • $89/£55

New
Microwave Radio 
Transmission Design 
Guide, Second Edition
Trevor Manning

This newly revised edition of the classic 
Artech House book, Microwave Radio 
Transmission Design, provides a current, 
comprehensive treatment of the subject 
with a focus on applying practical knowl-
edge to real-world networks. The second 

edition includes a wealth of important updates, including discus-
sions on backhaul capacity limitations, ethernet over radio, details 
on the latest cellular radio standards.   

• Hardcover • 298 pp. • 2009 • ISBN: 978-1-59693-456-6 • $109/£68

ArtechHouse.com 
Your Complete Source for RF & Microwave Design Know-How

http://www.modelithics.com/products
http://wwww.modelithics.com
http://www.nearfield.com
http://ArtechHouse.com
http://www.ArtechHouse.com
http://www.artechhouse.com
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Europe's Premier Microwave, 
RF, Wireless and Radar Event
European Microwave Week is the largest event dedicated to RF,

Microwave, Radar and Wireless Technologies in Europe.
Capitalising on the success of the previous shows, the event

promises growth in the number of visitors and delegates.

EuMW2010 will provide:
• 7,500 sqm of gross exhibition space •

• 5,000 key visitors from around the globe •
• 1,700 - 2,000 conference delegates •

• In excess of 250 exhibitors •
Running alongside the exhibition are 4 separate, but

complementary Conferences:
• European Microwave Integrated Circuits Conference (EuMIC)

• European Microwave Conference (EuMC)
• European Wireless Technology Conference (EuWiT)

• European Radar Conference (EuRAD)
Plus Workshops and Short Courses

Interested in exhibiting? Book online NOW!

www.eumweek.com
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The 3rd European Wireless
Technology Conference The 7th European Radar Conference 

The 40th European Microwave Conference 

The 5th European Microwave
Integrated Circuits Conference
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Power Divider

Model PD0218-S2 is a two-way Wilkinson pow-
er divider that was just released and covers most 
military and EW bands from 2 to 18 GHz. 
These power dividers are available in octave 
and multi-octave bandwidths and are available 
from Aeroflex/Inmet stock. The designs are 
based on an industry standard footprint, and 
achieve excellent isolation, loss and phase char-
acteristics while offering an economic solution 
for various market applications. 
Aeroflex-Inmet,  
Ann Arbor, MI (734) 426-5553,  
www.aeroflex.com.

RS No. 216

Ceramic Duplexer

The model AM1880-1960D268 is a surface-
mount monoblock ceramic duplexer designed 
for use in base station transceivers serving wire-
less communication applications operating in 
the 1850 to 1960 MHz band. The transmit-to-
receive response of the duplexer includes inser-
tion loss from 1850 to 1910 MHz of 3.4 dB or 
less and return loss of at least 11 dB. Attenua-
tion ranges from 45 dB from DC to 1000 MHz 
to 38 dB from 2040 to 2100 MHz. Antenna-to-
receiver response includes insertion loss of 3.7 
dB or less from 1930 to 1990 MHz and attenua-
tion ranging from 51 dB from 1850 to 1910 
MHz to 30 dB from 2150 to 2210 MHz. Rejec-
tion in the transmit band is at least 54 dB and 49 
dB in the receive band. The 50 ohm duplexer 
will handle RF input power of 2 W and mea-
sures 4.6 × 23 × 6.5 mm.
Anatech Electronics,  
Garfield, NJ (201) 772-4242,  
www.anatechelectronics.com.

RS No. 217

Elliptic Type Low Pass Filter
KR Electronics 
introduces part 
number 2927, a 
surface-mount 
440 MHz ellip-
tic type low pass 
filter. The filter 
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has < 3 dB attenuation at 440 MHz and > 50 dB 
at 520 MHz. The filter is supplied in a surface-
mount package measuring 1.0" × 0.5" × 0.3" and 
can also be supplied connectorized. The filter 
can be customized for other center frequencies 
and bandwidths. 
KR Electronics Inc.,  
Avenel, NJ (732) 636-1900,  
www.krfilters.com.

RS No. 218

Directional Coupler

The model 101004006 is a directional coupler 
that operates in a frequency range from 1 to 4 
GHz. This model offers coupling (with respect to 
output) of 6 ± 0.5 dB and frequency sensitivity of 
± 0.5 dB. The directional coupler features direc-
tivity of > 20 dB, maximum VSWR (any port) of 
1.2, insertion loss of < 1.3 dB, maximum power 
rating (Input) of 20 W Average, 3 kW Peak. This 
model offers SMA female standard connectors 
and operates in a temperature range from -54° to 
+85°C. Delivery: Stock to 30 days.
Krytar,  
Sunnyvale, CA (877) 734-5999,  
www.krytar.com.

RS No. 219

Power Dividers

Microlab/FXR announced an important wide-
band addition to its already wide range of $ 
Saver power splitters/dividers. The new low 
cost, two-, three-, four- and eight-way power 
dividers, Dx-63FF series, cover from 1700 to 
4200 MHz to not only include the PCS and 
UMTS bands but the new 2.5 to 2.7 MHz 
WiMAX/LTE expansion band up, and 3.5 GHz 
WiMAX bands. Microlab/FXR Model Dx-63FF 
series of Wilkinson style power dividers has 
been designed for low power applications 
where output isolation is preferable over lowest 
possible loss. The wide frequency range of this 
design allows use with multi-band antennas and 
leaky cable systems. Lower loss dividers that en-
hance receive sensitivity and preserve transmit-
ted power over the same wideband are also 
available from Microlab/FXR in the Dx-82FN 
and Dx-86FN series. 
Microlab/FXR, 
Parsippany, NJ (973) 386-9696,  
www.microlab.fxr.com.

RS No. 220

Temperature-compensated Cavity 
Filters

NIC’s new temperature compensated cavity fil-
ters have a percentage bandwidth as narrow as 
0.5 percent. This design offers an economic so-
lution to meet the temperature performance, 
but avoids using expensive cavity housing mate-
rial such as Invar. The design is also optimized 
with maximum resonator quality factor, which 
ensures low insertion loss operation of the filter. 
Features include: stable operation over tem-
perature; narrow bandwidth; high selectivity 
and low insertion loss; custom designs available; 
and stability as low as ± 2 ppm.
Networks International Corp.,  
Overland Park, KS (913) 685-3400,  
www.nickc.com.

RS No. 221

Directional Couplers

The CHP series of high power directional cou-
plers offer accurate coupling, low insertion loss 
and high directivity in a compact package. The 
standard units are optimized for 2 octave band-
widths and are available with a choice of cou-
pling values. These units are ideal for sampling 
forward and reflected power with a negligible 
effect on the transmission line and very low in-
termodulation products.
RLC Electronics,  
Mount Kisco, NY (914) 241-1334,  
www.rlcelectronics.com.

RS No. 222

Compact Lumped Element 
Diplexer

Trilithic has re-
leased a new se-
ries of compact 
lumped element 
diplexers de-
signed specifi-
cally for the 
802.11, 5 GHz 

WiMAX bands. These diplexers feature high isola-
tion and low insertion loss in a 1.25" × 1.25" × 0.5" 
package. This diplexer combines the full 2.4 to 2.5 
GHz and 4.9 to 5.9 GHz bands with a maximum 
insertion loss of 1.5 dB in either band, a maximum 
passband VSWR of 1.5:1 and a minimum of 45 dB 
isolation between bands. It can accommodate up 
to 5 W in each band simultaneously. Both connec-
torized and PCB mount versions are available. 
Other band combinations are available.
Trilithic Inc.,  
Indianapolis, IN (317) 895-3600,  
www.trilithic.com.

RS No. 223
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from
$995

ea. qty.  5-49

RoHS complianto S

 Frequency, NF Gain Max  Output Price $
MODEL GHz dB dB dBm (5-49)

TAMP-960LN+ .82-.96 0.55 18.0 16.5 9.95
TAMP-242LN+ 1.7-2.4 0.65 13.0 17.0 9.95
TAMP-242GLN+ 1.7-2.4 0.85 30.0 20.0 13.95
TAMP-272LN+ 2.3-2.7 0.90 14.0 18.0 9.95
TAMP-362LN+ 3.3-3.6 0.90 12.0 11.0 10.95
TAMP-362GLN+ 3.3-3.6 0.90 20.0 16.0 14.95
TAMP-Custom  Customer to specify

TAMP Typical Specifications
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Drop-In LNA s
The TAMP series of LNAs not only eliminates the need for 
designers to optimize low noise transistor bias and matching 
circuitry, but they’re also optimized to give superior performance 
of ultra low noise and high dynamic range in a self contained, 
drop-in, compact metal-shielded case. The case PCB area is 
smaller than most LNA transistor designs with external circuitry.

The TAMPs do not require any external elements, are unconditionally 
stable, and are matched to 50Ω input/output. They’re the ideal mix 
of flexibility, efficiency, and price and come in a single, integrated 
component ready to drop-in to your assembly board.

Visit us online at www.minicircuits.com to view actual performance data for our complete line of new, all-in-one LNAs –  
the latest way Mini-Circuits continues to deliver on it’s commitment to bring you more engineering value for your money.   

Mini-Circuits.  Your partners for success since 1969.
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450-6000 MHz   0.55 dB NFas Low as
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making it ideal for single-cell Li-Ion and USB 
applications. It can generate two independent 
output voltages as low as 0.6 V, enabling it to 
power the latest generation of low voltage 
DSPs and microcontrollers. The LTC3619 
uses a switching frequency of 2.25 MHz, which 
allows for the utilization of tiny, low cost ce-
ramic capacitors and inductors less than 1 mm 
in height. 
Linear Technology,  
Milpitas, CA (408) 432-1900,  
www.linear.com.

RS No. 226

Frequency Mixer

Model SYM-
63LH+ is an ul-
tra broadband 
double balanced 
mixer utilizing 
core and wire 
transformers and 
a diode quad in 
a ring configura-

tion. The transformers are designed to pro-
vide ultra wide bandwidth using simulation 
software together with Mini-Circuits proprie-
tary transformer technology. These mixers 
provide an IF response from DC to 1000 
MHz and are especially useful in wideband 
system applications such as IED. Price: 
$12.95 (QTY 10 to 49).
Mini-Circuits,  
Brooklyn, NY (718) 934-4500,  
www.minicircuits.com.

RS No. 227

a wide range of coaxial connector types, includ-
ing 7/16, BNC, Type N, MCX, MHV, SHV, 
TNC, UHF, MMCX and MIL-qualified con-
nectors for harsh environments. EAM’s RG ca-
ble assemblies are available in a variety of con-
structions using a wide range of dielectric 
materials, jacket materials and shield materials 
depending on performance requirements. Ca-
ble sizes include outside diameters of 0.098", 
0.195" and 0.390", and assemblies can be manu-
factured to meet a host of mechanical and elec-
trical requirements.
Electronic Assembly Manufacturing Inc., 
Methuen, MA (978) 374-6840,  
www.eamcableassemblies.com.

RS No. 225

Step-down DC/DC Converter

The LTC3619 is a dual output, high efficiency, 
2.25 MHz, synchronous buck regulator with 
programmable average input current limit. It 
can deliver up to 800 mA of continuous output 
current from one channel and 400 mA from 
the other with efficiencies as high as 96 per-
cent. Using a constant frequency and current 
mode architecture, the LTC3619 operates 
from an input voltage range of 2.5 to 5.5 V, 

Components
Eight-way Active Splitter

CAP introduces 
the MCA2016 
dual eight-way 
active splitter. 
This high linear-
ity multi-cou-

pler is suitable for satellite IF signal distribution 
and supports all analog and digital standards, 
from 950 to 1450 MHz. Featuring extremely 
flat gain and phase linearity response, it also of-
fers LNB bias capability on its feeds, complete 
DC power supply redundancy without diode 
OR-ring, all in a one EIA rack unit (1.75") 
height 19" rack mount chassis.
CAP Wireless,  
Newbury Park, CA (805) 499-1166,  
www.capwireless.com.

RS No. 224

Cable Assemblies

EAM announced 
the availability 
of dozens of 
quick turn RG 
cable assemblies. 
These 50 and 75 
ohm RG cable 
assemblies can 
be supplied with 

http://www.capwireless.com
http://www.eamcableassemblies.com
http://www.linear.com
http://www.minicircuits.com
http://mwjournal.com/info


High linearity, high breakdown power process is ready  
for your most demanding applications.

High Voltage HFET @ WIN

HFET @

High linearity high voltage technology

TaN 
Resistor

MIM 
Capacitor

Mesa  
Resistor

pHEMT  
with Airbridge

pHEMT  
with Backvia

Parameter Value

Ft @VDS=4 V 12.5 GHz
BVDGO @ VGS=-3.0 V 33 V

IDSS @VDS=4V 175 mA/mm

Idmax @VDS=4V, VGS=+0.5V 250 mA/mm

VPO @VDS=4 V -1.1 V

MIM Capacitance 500 pF/mm2

CGS 1900 pF/mm2

EPI Sheet Resistance 250 Ohm/sq

TFR Sheet Resistance 50 Ohm/sq www.winfoundry.com

WIN Semiconductors-the  
world’s leading GaAs foundry.
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New Products Amplifiers
Hybrid Power Amplifier Modules

AR’s new line of 
wideband, hy-
brid power am-
plifier modules 
(HPM) cover 
the 6 to 18 GHz 
frequency range, 
and are the re-
sult of combin-

ing Microelectronic technology with the latest 
developments in thin film substrates. These hy-
brid modules require a single DC voltage 
source and are 50 ohm cascadable building 
blocks with output powers up to 37 dBm. AR 
offers in-house capabilities to create custom 
HPM design solutions with frequencies from 
DC to 40 GHz. Bring AR your requirements 
and they will work with you to create a solution. 
AR RF/Microwave Instrumentation, 
Souderton, PA (215) 723-8181,  
www.ar-worldwide.com. 

RS No. 231 

MMIC Power Amplifiers

These two new 
GaAs PHEMT, 
½ and 1 W pow-
er amplifiers are 
ideal for high 
linearity trans-
mit chains in 
Point-to-Point/

Point-to-Multi-Point microwave radio, military 
& space, VSAT, and test applications from 16 to 
24 GHz. The HMC756 and the HMC757 are 
GaAs PHEMT, ½ and 1 W power amplifier dies 
that are rated from 16 to 24 GHz, and provide up 
to 23 dB of small-signal gain across the band. 
These three-stage, balanced power amplifiers 
are also capable of providing +33 dBm of satu-
rated output power at 28 percent PAE and +30 
dBm of saturated output power at 30 percent 
PAE, respectively, from a +7 V supply. The 
HMC756 and the HMC757 Power Amplifiers 
also feature output IP3 of up to +41 dBm, P1dB 
output power up to +32 dBm, and require no ex-
ternal matching components. 
Hittite Microwave Corp.,  
Chelmsford, MA (978) 250-3343,  
www.hittite.com.

RS No. 232

High Power Pallet Amplifier

MITEQ intro-
duces a new ad-
dition to its 
family of broad-
band high pow-
er amplifiers. 
Model AMF-
8B-18002650-
70-37P is a plate 

mounted high power amplifier, covering 18 to 
26.5 GHz and delivering a minimum of 5 W of 
saturated power. The SMA connectorized mod-
ule has a base of 5" wide, 5.24" long and 2" high 
including fins on top.  Housing is EMI and en-
vironmentally shielded, and can operate in 
baseplate temperatures up to 60°C.  The power 

Integrated Switch Solutions
Renaissance Electronics has developed inte-
grated switch solutions that covers diverse mar-
ket sectors such as consumer electronics, mili-
tary, aerospace, automotive, communications, 
semiconductor and medical. The ability to 
integrate state-of-the-art RF components like 
MEMS, hermetic switches and 10 million life 
cycle coaxial switches in custom specified con-
figurations has yielded highly reliable solutions 
with unsurpassed MTBF. Designs are avail-
able in standard configuration of reciprocal or 
non-reciprocal and/or blocking or non-blocking 
formats. Renaissance can design and integrate 
other RF components like LNAs, mixers, am-
plifiers, filters, attenuators, couplers, dividers/
combiners and detectors,  to build  custom RF/
microwave switch matrices that meet cost and 
performance goals.  
Renaissance Electronics Corp.,  
Harvard, MA (978) 772-7774,  
www.rec-usa.com.

RS No. 228

High Power Hybrid

Response Mi-
crowave announ -
ced the avail-
ability of its new 
application spe-
cific 3 dB, 90° 
quadrature hy-

brid for use in high-power telecom distribution 
applications. The new unit operates between 
800 to 2400 MHz. Electrical performance of-
fers typical insertion loss of  0.3 dB, isolation of 
23 dB minimum, VSWR of 1.22:1 maximum 
and coupling of 3  0.5 dB. Average power han-
dling is 200 W. Unit is available with type N fe-
male connectors standard and alternate interfac-
es available upon request. The package size is 
5.6"  1.54"  1.02", plus connectors. Units ac-
commodate environmental extremes from -35° 
to +80°C. Delivery is from stock.
Response Microwave Inc.,  
Devens, MA (978) 772-3767,  
www.responsemicrowave.com.

RS No. 229

Digital Frequency Discriminator
Sage Laborato-
ries introduces 
its newest addi-
tion to the IFM/ 
DFD family of 
products. The 
FDFD7409-4 is 
a broadband (2 
to 18 GHz) digi-

tal frequency discriminator incorporating a pulse 
detector/processor. Processing pulse widths as 
narrow as 80 ns up to CW, the DFD provides fast 
and accurate identification of threats. With ultra-
low power consumption and small, lightweight 
packaging, this cost-effective model continues to 
build the Sage legacy of high-capability Instanta-
neous Frequency Measurement Receivers. This 
model is available with an optional VME inter-
face as well as 50 ns pulse capability.
Sage Laboratories,  
Hudson, NH (603) 459-1600,  
www.sagelabs.com.

RS No. 230
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These Voltage Controlled Oscil-
lators offer exceptionally low 
Phase Noise in the industry 
Standard one 
half inch square 
package. Mod-
el MCR1270-
1290MC with 
an Input Volt-
age of +5.0V, 
Tuning Voltage of 0.5V to 4.5V 
and a Frequency Range of 1270-
1290MHz is rated -122dBc @ 
10khz offset. Many other cata-
log models are available and  
custom designs can be supplied 
with no NRE
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New Products Antennas
High Power, Crossed Notch 
Antenna

Model 94800568 
is a dual-linear, 
h i g h - p o w e r, 
crossed notch 
antenna that op-
erates over the 2 
to 18 GHz fre-
quency range. 

The antenna VSWR is 2.5:1 maximum and < 
2.0:1 over 90 percent of the frequency range. An-
tenna gain ranges between 5 and 10 dB, and is +8 
dB nominal. The port-to-port isolation is more 
than 20 dB and RF power is 500 W CW at each 
port simultaneously. Model 94800568 is suitable 
for high-power ECM applications; it is also suit-
able for feeding reflector antennas, wide-band 
antenna arrays and other broadband applications.
Cobham Sensor Systems -  
Sensor Electronics,  
Baltimore, MD (410) 542-1700,  
www.cobham.com.

RS No. 237

Broadband Conical Monopole 
Antenna

The low-loss antenna BCM40 sup-
ports a monopole antenna charac-
teristic and an ultra broad frequen-
cy band (1.2 to 40 GHz). This 
antenna covers all major frequency 
bands, ideal for surveillance appli-
cations with a very robust casing 

and design. The BCM40 antenna is manufac-
tured precisely, offers good matching and an 
antenna gain of ca. 0 dBi. The robust casing al-
lows for indoor and outdoor use even in moist 
conditions. 
Heuermann HF-Technik GmbH,  
Stolberg, Germany +49 2402/9749764, 
www.hhft.de.

RS No. 238

Integrated Circuit
MMICs

Endwave Corp. 
has announced 
the release of an 
extensive prod-

uct line of microwave and millimeter-wave inte-
grated circuits (MMIC) for use in microwave ra-
dios and other high frequency systems. The 
product line consists of a wide variety of circuit 
types including amplifiers, voltage-controlled os-
cillators, up and down converters, variable gain 
amplifiers, voltage variable attenuators, fixed at-
tenuators and filters. Both bare die and QFN 
packaged devices are available. Devices are avail-
able over the full microwave radio frequency 
range of 7 to 38 GHz and the product line also 
includes devices for the new E-band (71 to 76 
GHz and 81 to 86 GHz) frequency range. The 
product line has been derived from Endwave’s 
extensive design library created while providing 
custom microwave and millimeter-wave RF 
modules to radio systems OEMs. 
Endwave Corp.,  
San Jose, CA (408) 522-3100,  
www.endwave.com.

RS No. 239

amplifier includes over temperature protection 
in addition to full internal regulation. A 20 dB 
output coupled port is optional.
MITEQ Inc.,  
Hauppauge, NY (631) 436-7400,  
www.miteq.com.

RS No. 233

RF Amplifier

OPHIR RF so-
lution for your 2 
to 6 GHz, 50 W 
RF power re-
quirement of 
EN 61000-4-

3:2006 is now available. The 5193 is a 50 W 
multi-octave broadband 2 to 6 GHz amplifier 
system. This 5.25" compact and lightweight am-
plifier utilizes Class A/AB linear power devices 
that provide an excellent third order intercept 
point, high gain, and a wide dynamic range. Op-
tional digital controller is available to display the 
amplifier operating status and remote interface 
with Ethernet, IEEE488 and RS232. In stock.
OPHIR RF,  
Los Angeles, CA (310) 306-5556,  
www.ophirrf.com.
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High Power Pallet Amplifier
The PP88-108-
800 is a high 
power Class AB 
Pallet Amplifier 
providing 800 
W CW power 
output in an ex-

tremely small footprint. Featuring the latest 
generation LDMOS transistors, the PP88-108-
800 provides the highest power density of any 
FM pallet in the world today. Thermal tracking 
bias allows the PP88-108-800 to operate Class 
AB while providing 800 W CW with a typical 
efficiency of 80 percent.
Power Module Technology Inc.,  
Carson City, NV (775) 883-1122,  
www.pmtrf.com.
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Broadband Amplifiers
The R&S BBA100 is the most flexible and ad-
vanced broadband amplifier system on the mar-
ket. Its mod ular design allows users to select 
frequency range and output power to suit their 
requirements. The built-in expansion capability 
protects capital investment. Individual ampli-
fier modules can be replaced quickly and eas-
ily, making downtime a thing of the past. The 
R&S BBA100 is ideal for EMC applications in 
test houses and the electronics and automotive 
industry. The high quality and reliability of the 
amplifiers will also benefit research institutes, 
development labs and government agencies, as 
well as radiocommunications applications. The 
amplifier will have three frequency bands that 
cover the range from 9 kHz to 1 GHz and pro-
vide power up to 500 W. The base unit includes 
comprehensive control functions. 
Rohde & Schwarz GmbH & Co. KG, 
Munich, Germany +4989/4129-0,  
www.rohde-schwarz.com.
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More RF 
Board2Board 
Coaxial Solutions 
Get more from SMP-MAX

The best and broadest selection 
Radiall offers more board2board choices than 
anyone does with four product groups and ten 
connector series including the new cost effective 
SMP-MAX, SMP-Spring, IMP-Spring and other 
misalignment solutions!

For more information 
and a FREE SMP-MAX 
go to www.radiall.com 
or call 1 480 682 9400
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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
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100 MHz to 20 GHz

FEATURES:
• Power levels to 5 KW CW, 75 KW Pk.
• Low Intermod Units
• Low Loss Options
• Extended Octave Bandwidths
• Power Monitors and DC Blocks
• Iso Filter-Monitor Assemblies

Isolators / Circulators

Our “POWER-LINE” capability 
serves major markets...
Military and Commercial

Broadband Units • Common Band Devices • High Isolation 
Units • Multiport Devices • Drop-In Devices • Wireless/PCN
Devices • High-Power Industrial/Medical Iso Adaptors
Waveguide Junctions • High-Power TV Units • VHF and UHF 
Devices                   sales@utemicrowave.com

3500 Sunset Ave., Asbury Park, NJ 07712 
Tel: 732-922-1009  Fax: 732-922-1848
E-mail: info@utemicrowave.com

Contact us for more information on our extensive product line and current catalog. We accept Visa, MC, Amex

The following models are examples of our High Power units

Model No. Power Connectors Freq. Range

CT-1542-D 10 Kw Pk 1 Kw Av DIN 7/16 420–470 MHz

CT-2608-S 3 Kw Pk 300 W Av “Drop-in” 1.2–1.4 GHz

CT-3877-S 2.5 Kw Pk 250 W Av “Drop-in” 2.7–3.1 GHz

CT-3838-N 5 Kw Pk 500 W Av N Conn. 2.7–3.1 GHz

CT-1645-N 250 W Satcom N Conn. 240–320 MHz

CT-1739-D 20 Kw Pk 1 Kw Av DIN 7/16 128 MHz Medical

POWERHIGH

For Military / Radar

      
 Applications.

Telecom

Communications

Scientific – Medical

Drop-in Model CT-3885-S

Military and Radar

UTE Microwave is one of the leading suppliers of ferrite components 

in the industry. We offer innovative engineering, reliability, custom 

design, standards...many off-the-shelf...plus superior service and 

over 35 years of know-how.

For Military and Radar applications our Drop-in Model CT-3885-S  

is designed to operate at 2.5 KW Peak and 250 Watts average 

power in the 3 GHz radar bands. Bandwidth is up to 12%. Typical 

specs are 20 dB Isolation. 0.3 dB max Insertion loss and 1.25 max 

VSWR. The 1-5/8 x 1-5/8 x 7/8 package provides for optimum RF 

grounding and heat transfer. Other stripline interface HIGH POWER 

units are available from VHF thru C band.

A broad line of low loss HIGH POWER coaxial and stripline mounting 

circulators are available. Typical coax units handle 3 KW CW, 10 KW 

peak at 120 MHz and 1 KW CW, 3 KW peak in the 400-800 MHz  

TV bands. 250 Watt stripline drop-in units are also available. In the 

800-3.5 GHz spectrum, 0.15 dB loss stripline drop-in units operate 

at 200 Watts CW, 2 KW peak power levels.

MWJ/UTE/POWER/0309
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Materials
Patented RF Packages

Patents have 
been awarded to 
RF packages for 
the company’s 
c o m p o n e n t s , 
which includes 
a t t e n u a t o r s , 
power dividers/

combiners and switches. This cost-effective, spe-
cial high frequency plastic patented package is 
entirely built from printed circuit material. The 
frames, the internal isolation and cover parts are 
achieved by printed circuit layers. The individual 
parts are pressed and soldered in the soldering 
machine together with the connectors, produc-
ing a very mechanically robust RF module. The 
RF shielding is made by connecting through the 
single printed circuit layers and is in accordance 
with standard full metal housings. 
eubus GmbH,  
Munich, Germany +49 (0) 89 540 32 733, 
www.eubus.net.

RS No. 240

6.15 DK Laminates

Rogers Corp. has introduced RO4360™ lami-
nates, developed for the special requirements 
of high-frequency amplifier designers. RO4360 
laminates feature a dielectric constant of 6.15 
and loss of 0.003 at 2.5 GHz. The laminates 
are based on a ceramic-filled, thermoset resin 
system reinforced by glass fiber for excellent 
mechanical stability compared to PTFE wo-
ven glass. RO4360 laminates provide the per-
formance and reliability designers need in a 
lower total PCB cost solution. The new product 
features low dissipation factor, generous pow-
er-handling capability, and improved thermal 
conductivity. Environmentally friendly RO4360 
laminate materials are RoHS compliant and 
compatible with standard printed circuit board 
processing methods.
Rogers Corp.,  
Chandler, AZ (480) 961-1382,  
www.rogerscorp.com.
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Capacitor
Multilayer Capacitors

ATC announced 
the introduction 
of non-magnetic 
( n o n - n i c k e l ) 
barrier layer 
multilayer ca-
pacitor prod-

ucts. They are manufactured in 600L, S and F 
(0402, 0603, 0805) EIA case sizes as well as 800 
A and B (0.055" × 0.055" and 0.11" × 0.11") sig-
nature case sizes, and 800R NPO Ceramic, 
High RF Power Lowest ESR MLCs (0.070" × 
0.090"). ATC’s new non-magnetic MLCs are de-
signed and manufactured to provide the same 
superior performance as the current nickel bar-
rier versions. These products are suitable for 

use in MRI and other medical electronics ap-
plications. They also may be used in applica-
tions where there is a concern regarding passive 
intermodulation distortion in wireless commu-
nications systems.
American Technical Ceramics,  
Huntington Station, NY (631) 622-4700, 
www.atceramics.com.
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Software
3D Planar EM Analysis Software

AWR announced significant performance en-
hancements to its AXIEM 3D planar electro-
magnetic (EM) analysis software that greatly 
increase the software’s speed, accuracy and 
capacity. AXIEMs proprietary solver and mesh-
ing algorithms have made it possible for the 
first time to migrate EM analysis from a back-
end, post-verification tool to an upfront design 
diagnostic solution. With nearly linear scaling 
achieved through its novel method-of-moments 
(MoM) engine, AXIEM even in its first year of 
commercial availability, outperforms competing 
3D planar solutions that have been on the mar-
ket for more than a decade.
AWR,  
El Segundo, CA (310) 726-3000,  
www.awrcorp.com.

RS No. 243

Sources
Voltage-controlled Oscillator

Crystek’s CRB-
V55FL-0200- 
0239 RedBox 
v o l t a g e - c o n -
trolled oscillator 
(VCO) operates 
from 200 to 239 
MHz with a 
control voltage 
range of 0.5 to 

4.5 V.  This VCO features a typical phase noise 
of -123 dBc/Hz at 10 kHz offset and has excel-
lent linearity. Output power is typically +9 
dBm. Crystek’s RedBox line comprises VCOs 
enclosed in a robust aluminum enclosure (1.25" 
× 1.25" × 0.58") with SMA connectors, enhanc-
ing the VCO’s durability and making integration 
of a VCO into any application an easy, plug-and-
play option.
Crystek Corp.,  
Fort Myers, FL (239) 561-3311,  
www.crystek.com.

RS No. 244

Reference Oscillators
The PLXO Se-
ries phase-
locked crystal 
oscillator can be 
designed to op-
erate at select 
custom fre-
quencies from 
200 to 350 MHz 
as a reference 

oscillator in military and other electronic sys-
tems. The PLXO units feature excellent phase 
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Modco announces its MCS Series CRO’s. 
Low Vcc of 3.3V and current consump-
tion of 13ma and makes it ideal for battery 
powered applications. Model Number 
MCS1400-1470CR tunes 1400-1470MHz 
with a Vt of 0.3-2.7V It provides 0dBm 
output power. Phase Noise is -110dBc @ 
10kHz Pushing is 0.2MHz per volt and Pull-
ing is 0.9MHz. Many models are available. 

 www.modcoinc.com

Miniature 0.3 inch square CRO

RS 102
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noise (<-119 dBc/Hz at 1 kHz) and low power consumption (+12 V at 155 
mA). The PLXO units are housed in a rugged, connectorized package 
(1.50" × 1.50" × 0.6") to withstand harsh environments. The PLXO-250 
units also feature no sub-harmonics and a wide operating temperature 
range (-30° to +70°C).
EM Research Inc.,  
Reno, NV (775) 345-2411,  
www.emresearch.com.
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Voltage-controlled Oscillator
T h e  m o d e l  CRO3400C-LF is a RoHS 
compliant voltage-controlled oscillator 
(VCO) in S-band.  The CRO3400C-LF 
operates at 3400 MHz with a tuning volt-
age range of 0.5 to 4.5 VDC. This VCO 
features a typical phase noise of -112 dBc/
Hz at 10 kHz offset and a typical tuning 
sensitivity of 5 MHz/V. The CRO3400C-
LF is designed to deliver a typical output 

power of 3 dBm at 5 VDC supply while drawing 24 mA (typical) over the 
temperature range of -40º to 85ºC. This VCO features typical second har-
monic suppression of -20 dBc  and comes in Z-Comm’s standard MINI-
16-SM package measuring 0.5" x 0.5" x 0.22".
Z-Communications Inc.,  
San Diego, CA (858) 621-2700,  
www.zcomm.com.
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Test Equipment
Vector Network Analyzer

Anritsu Co. announces it has extended the 
low-end frequency of its MN469xB Vec-
torStar 4-port test sets, making the instru-
ments the first microwave multiport Vec-
tor Network Analyzer (VNA) solutions to 
measure down to 70 kHz. The MN469xB 
series now combines DC coverage and the 
wide dynamic range time domain capabil-
ity of a VNA, making the test sets ideal for 
digital engineers who need to conduct sig-

nal integrity measurements on passive high-speed balanced transmission 
lines and connections in order to optimize their Gbit designs. Two models 
are available in the MN469xB series. The MN4694B covers up to 40 
GHz, while the MN4697B has a frequency range up to 70 GHz. Both in-
clude bias tees for active measurement applications. 
Anritsu Co.,  
Morgan Hill, CA (408) 778-2000,  
www.us.anritsu.com.
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Spherical Near-field Arch Roll Scanner
The NSI-700S-300 Spherical Near-Field 
Arch Roll Scanner is designed for preci-
sion testing of stationary Antennas Under 
Test  (AUT). An innovative probe mo-
tion design delivers spherical measure-
ment accuracies for antennas rivaling 
those currently obtained only with planar 
scanning techniques. The scanner’s arch 
provides accurate probe motion over an 
extended hemispherical scan area, and its 

software supports multi-beam, multi-frequency control of the RF subsys-
tem and includes an ‘on-the-fly’ probe position correction subsystem to 
maintain probe position accuracy on the order of 0.0025" (63 microns). 
Nearfield Systems Inc.,  
Torrance, CA (310) 525-7000,  
www.nearfield.com.
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For additional information, please contact MITEQÕ s SATCOM Sales Team at (631) 439-9108.

The New MITEQ Solid State Power Amplifier (SSPA) Systems 
are designed for satellite uplink applications. Designed using a 
modular approach to provide quick and flexible solutions to meet 
a variety of applications.  

SSPA systems incorporate amplifier modules engineered using 
state-of-the-art GaAs FET technology, high efficiency power supply
and a microprocessor-based monitor and control system.

The systems provide for over-temperature, over-current and high 
output VSWR safety protection.

www.miteq.com  •  e-mail: satcomsales@miteq.com
TEL: 631-436-7400, FAX: 631-436-7431  • 100 Davids Drive, Hauppauge, NY 11788

• Indoor and Outdoor configurations
• Modular system design
• Low intermodulation distortion
• Exceeds INTELSAT phase noise
• High gain stability
• Forward/reflected power monitors
• Output signal monitor ports
• Gain and mute control functions
• RF On/Off operating modes
• RS422/485 serial interface
• 10/100 Base-T Ethernet interface
• Contact closure summary alarm
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www.SATELLITE2010.com
16668

SATELLITE 2010 is the only Conference and Exhibition to focus on the technology and applications 
shaping the future of satellite-enabled communications and provide the opportunity to network 
and form relationships with the power players in the satellite community.

➤  Experience conference content that is on the leading edge of innovation, led by the sharpest 
minds in the marketplace

➤  Discover solutions designed for your organization with more than 300 companies showcasing 
the latest products and cutting edge technology

➤  Collaborate with end-users in the satellite community who can help you propel your 
organization to new heights

Simply stated, SATELLITE 2010 is THE event for communications via satellite!

Register today at www.SATELLITE2010.com with VIP Code: MWJ10 
to save hundreds on the Conference with the Early Bird discount!

“The whole market is [at SATELLITE] - if you can only make it to one 

satellite event…this is it.”

- Jeffrey Carl, Sr. Offer Manager, AT&T

COnfErEnCE: MArCh 15—18, 2010

ExhIbITIOn: MArCh 16—18, 2010

GAyLOrd nATIOnAL COnvEnTIOn CEnTEr

nATIOnAL hArbOr, Md
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THE BOOK END

RF-BAW devices employing a  
piezoelectric thin membrane  
were proposed in 1980. 

Although their excellent perfor-
mance was well recognized, the 
majority of engineers believed that 
their applicability was limited due 
to extremely tight requirements 
given to device fabrication. How-
ever, RF-BAW devices have pro-
gressed surprisingly in the last de-
cade and are now mass produced. 
They are currently attempting to 
take over the current RF-SAW 
fi lter market. The devices also re-
ceive much attention from Si-IC 
industries for their use as a core 
element in sophisticated RF front-
end and/or one-chip radio mod-
ules based on the system-on-chip 
(SoC) or system-in-package (SiP) 
integration with active circuitry.

This book deals with key tech-
nologies and information neces-
sary for the realization of high-per-
formance RF-BAW resonators and 
fi lters. All the authors are promi-
nent professionals in this fi eld, 
and they attempt to transfer their 
knowledge to the younger genera-
tion as various chapters are written 
by different experts in the fi eld.

The fi rst several chapters re-
view BAW’s background, history, 
topologies, fabrication and device 
basics to provide the foundation 
to understand the more detailed 

brane fabricated by the surface 
or bulk micromachining technol-
ogy. Namely, the solidly mounted 
BAW resonator (SMR) employ-
ing the multilayered refl ector(s) is 
excluded from this category. For 
this reason, the RF-BAW resona-
tor categorization is used as the 
whole set of these two categories 
throughout the book.

This book is invaluable for 
young engineers and students who 
wish to acquire this exotic technol-
ogy and covers the subject thor-
oughly. In addition, it is for more 
advanced engineers who wish to 
further extend their knowledge, 
as experts in various areas have 
written each chapter. The last two 
chapters are very useful as they re-
view actual designs and integration 
techniques that would be utilized 
in actual applications.

information in the later chapters. 
The book then covers FBAR reso-
nators and fi lters with a compari-
son to SAW devices. The book then 
segues into thin fi lm deposition of 
BAW devices and characterization. 
Finally, the last couple of chapters 
review practical applications of the 
devices through monolithic and 
SiP integration.

The editor notes that the term 
fi lm bulk acoustic wave resonator 
(FBAR) might be more familiar to 
many readers, although he states 
that its use is often limited to the 
category of a free-standing mem-
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MWJ Puzzler

Across

5 A circuit that is designed to propagate signals of a de-
sired frequency or frequency interval and to reject all other 
signals
7 Frequency-dependent impedance that is capable of stor-
ing but not dissipating energy
9 A component that transfers electric energy by magnetic 
induction from one circuit to another, usually with a change 
in voltage or current
11 A transformer circuit that couples a balanced transmis-
sion line to an unbalanced transmission line
12 A filter that only allows frequencies above a cut-off fre-
quency to pass (3 words)
13 Resonator consisting of free-space rings of metal with 
a gap that prevents them from being a complete ring (3 
words)
15 The property of a circuit or component that tends to 

oppose changes in current due to the magnetic field that is 
a result of the current itself
17 A measure of how much better a material is as a path 
for magnetic flux as compared to free space
18 The difference in power, expressed in dB, between the 
input level and output level when a unit is in high loss con-
dition
19 The vector ratio of voltage to current, the reciprocal of 
admittance
20  A class of multiport components that directs the major-
ity of an incident signal to the output port and the remainder 
of the signal to other ports

Down

1 Arbitrary shaped structure etched into the ground plane 
which disturbs the shield current distribution (3 words)
2 A circuit that splits the power of an input signal into two 
or more locations without producing impedance mismatch 
(2 words)

3 A reactive circuit that rejects signals whose frequencies 
are outside of its passband 3 dB point frequencies and 
propagates signals whose frequencies are within the 3 dB 
point frequencies (3 words)
4 Technology for transmitting information spread over a 
large bandwidth, typically >500 MHz (3 words)
6 Artificial materials engineered to provide properties that 
may not be readily available in nature typically with negative 
index properties
8 Frequency where signal transmission between input and 
output is stopped (2 words)
10 A transmission line structure that splits an input signal 
into two or more equal phase output signals (2 words)
14 The ratio between the amplitude of the output signal of 
a device or circuit compared to the amplitude of its input 
signal (2 words)
16 The frequency interval that is propagated through a filter 
with minimum insertion loss
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(Inches)
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H7492*

*Utilizing Werlatone’s Patented Stripline Design to achieve extremely low loss and high isolation!

Wide bandwidth, 
HIGH POWER DEVICES
Unsurpassed quality + on-time delivery, is the Werlatone promise

couplers combinersdividersquadratures

hybrids

Breaking

all the
Rules

400 MHz 2000 MHz

Model H7877Insertion Loss

400 MHz 2000 MHz

Model H7877Isolation

HIGH POWER 180° HYBRIDS
Multi-Octave Performance

Our Standard Line of 180° Hybrids features multi-octave performance.
 Transmission line techniques guarantee low loss for both the sum and difference ports, 

while providing exceptional isolation.

Our Patented Stripline 180° Hybrids exhibit an incredible 5:1 Bandwidth!! 
Disruptive Microwave Techniques and Advanced Stripline Designs provide high power 

performance with incredible isolation.

MWJ/XXXXXXXX/XXXXXXX/0409

 Visit http://mwj.hotims.com/23292-128 or use RS# 128 at www.mwjournal.com/info

http://www.werlatone.com
http://mwj.hotims.com/23292-128
http://www.mwjournal.com/info


A Special Supplement to

www.mwjournal.com

http://www.mwjournal.com


MWJ/JFW/APPLICATIONS/0909

Visit http://mwj.hotims.com/23293-6 or use RS# 6 at www.mwjournal.com/info

http://mwj.hotims.com/23293-6
http://www.mwjournal.com/info
http://www.jfwindustries.com
mailto:sales@jfwindustries.com


MWJ/JQL/SUPP/DROPIN/1109

 Visit http://mwj.hotims.com/23293-7 or use RS# 7 at www.mwjournal.com/info

http://mwj.hotims.com/23293-7
http://www.mwjournal.com/info
http://www.jqlelectronics.com
mailto:sales@jqlelectronics.com
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6 Using Base Station and MIMO Channel Emulators to 

Characterize Performance of a Mobile WiMAX Device
Michael Lawton and Peter Cain, Agilent Technologies Inc.
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This article describes how a channel emulator can be used to characterize the 
performance of a MIMO receiver. The testing was done in stages of increasing 
complexity, namely testing under AWGN conditions, MIMO testing with known 
static channels, and finally testing with channels chosen to represent “real world” 
behavior. The article seeks to demonstrate how testing at each of these stages can 
help give engineers confidence in their design as well as potentially expose issues 
that may be difficult to isolate with the more complex “real world” testing.

Michael Lawton and Peter Cain
Agilent Technologies Inc., Santa Clara, CA
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Using Base Station 
and MIMO Channel 
Emulators to Characterize 
Performance of a Mobile 
WiMAX Device

The IEEE 802.16 working group is fo-
cused on developing standards for 
Broadband Wireless Access. As a part 

of this work, a physical layer specification has 
been written for mobile devices,1 which uses 
Orthogonal Frequency Division Multiple Ac-
cess (OFDMA) in combination with advanced 
techniques such as Adaptive Modulation and 
Coding (AMC) and multiple input, multiple 
output (MIMO). The overall performance 
gain for a network that uses techniques such as 
AMC and MIMO is strongly influenced by the 
receiver characteristics of client devices within 
that network. For example, a good receiver will 
allow the network to more readily use complex 
modulation schemes and hence achieve greater 
throughputs. This article uses the combination 
of a base station emulator and a MIMO chan-
nel emulator to characterize the receiver per-
formance of a commercially available Mobile 
WiMAX device.

MEASUREMENT SET-UP
Figures 1 and 2 show a schematic represen-

tation and a photograph of the equipment used 
for the testing. The E6651A is a fully functional 
base station emulator designed for testing mo-
bile WiMAX devices. It supports a number of 

different use models, including RF testing, 
functional emulation of protocol features, end-
to-end application testing and protocol confor-
mance testing. In this case, the equipment was 
used to perform a downlink “ping test”, with a 
variety of different modulation and coding for-
mats both with and without MIMO.

The E6651A has two RF ports that can be 
configured to provide transmitter outputs for 
MIMO testing. Each downlink signal was fed 
into a signal analyzer (MXA) that down-con-
verted the RF signal to a differential baseband 
digital signal that served as an input to the PXB.

The N5106A PXB MIMO Receiver Tester 
is a baseband channel emulator that allows the 
user to emulate a variety of single channel and 
MIMO fading conditions. In addition to chan-
nel characteristics, such as Doppler spread and 
delay spread, the PXB is able to emulate anten-
na characteristics, including antenna spacing, 
polarization, antenna lobe patterns and angular 
spread. The PXB can be used in a baseband 
configuration, where it is connected to a signal 
source (MXG) and used to test receiver perfor-
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mance for a variety of different wire-
less formats.

In this test set-up the digital out-
puts from the PXB were up-converted 
to RF using a signal source and then 
connected with the device under test 
(DUT). In order to support a fully 
functional radio, the cabling set-up 
uses isolators to provide an un-faded 
uplink signal to the RF1 port of the 
E6651A.

THERMAL NOISE PERFORMANCE
Figure 3 shows the sensitivity mea-

surements for the device under test 
under thermal noise conditions. The 
figure is also annotated to show the 
test limits as defined by the WiMAX 
Forum in its Radio Conformance Test 
(RCT) specification.2

These results 
demonstrate that the 
receiver is meeting 
the required sensitiv-
ity limits under addi-
tive white Gaussian 
noise (AWGN) con-
ditions. The WiMAX 
Forum test limits are 
set by calculating the 
theoretical thermal 
noise power and then 
assuming degrada-
tion due to the noise 
figure of the receiver 
and an implementa-
tion loss. Passing this 
test provides a level 
of confidence about 
both the device and 
the measurement 
set-up.

MIMO 
PERFORMANCE 
UNDER STATIC 
FADING 
CONDITIONS

MIMO tech-
niques exploit the 
multipath character-

istics of radio channels and allow the 
link to either benefit from higher or-
ders of diversity or to create separate 
spatial streams, which can support 
the transmission with increased data 
throughput. The use of spatial streams 
for increasing data throughput is an 
exciting development which, given 
the right conditions, provides the pos-
sibility of achieving data rates that ex-
ceed the Shannon Capacity limit.

Given that MIMO is exploiting the 
characteristics of a multipath channel, 
it is not possible to characterize the per-
formance using a simple AWGN chan-
nel. However, prior to testing the per-
formance in channels that are intended 
to emulate “real world” environments, 
it is helpful to test the MIMO perfor-
mance in simple static channels, where 

the expected behavior is known.
One way of characterizing whether 

or not a “channel” is well suited to 
providing multiple spatial streams is 
to calculate the condition number.3
The condition number is a measure 
of how sensitive the eigenvalues of 
a given matrix are to small perturba-
tions of the values in that matrix. If 
the condition number is low then the 
eigenvalues will not be sensitive to 
small perturbations (or noise) and the 
channel will be well suited to support-
ing two MIMO streams. A high condi-
tion number indicates that the chan-
nel matrix is very sensitive to noise 
and the system requires a significant 
increase in the required signal to noise 
ratio in order to support multiple spa-
tial streams.

Figure 4 shows a schematic rep-
resentation of a 2  2 MIMO chan-
nel. Each of the Tx-Rx pairs has their 
own channel, which in the general 
case can be represented by a com-
plex time varying impulse response. 
For the simplified static channels h00, 
h01, h10 and h11 can each be repre-
sented by a constant complex num-
ber within a single matrix. The matrix 
(1,0,0,1) has a condition number of 
0 dB and reflects a theoretically per-
fect MIMO channel with two spatial 
streams, which are orthogonal. The 
packet error rate curves in Figure 5
show a shift in the required SNR for 
a single input, single output (SISO) 
link vs. an ideal MIMO link with two 
transmitters and two receivers (condi-
tion number = 0 dB). The figure also 
shows curves for packet error rates for 
a variety of channels with varying lev-
els of condition number.

Cain3 has plotted graphs to show 
the empirical relationship between the 
condition number and the additional 
carrier to noise required to maintain a 
given error vector magnitude (EVM). 
Figure 6 shows an example where the 
blue line corresponds to the additional 
CNR required to sustain an EVM of 32 
percent. Placed on this graph are three 
data points (shown as a yellow circle, 
square and triangle), which overlay the 
measurements presented in this article. 
This shows a good correlation between 
the SNR required for a given EVM vs. 
those related to specific bit error rate 
curves. The figure also shows that, for 
a practical receiver implementation at 
high condition numbers, MIMO tech-
niques fail to provide a useable benefit 

s Fig. 1  Equipment set-up for measuring receiver performance.
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RF RF
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s Fig. 2  Photograph of the measurement set-up used for receiver 
testing.

s Fig. 3  Packet error rate under AWGN conditions.  
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Rx diversity with the irreducible PER 
reduced to only 0.1 percent. This is 
expected theoretically if the errors on 
each of the channels can be considered 
to be mutually exclusive random vari-
ables (that is 0.01  0.01 = 0.0001). 
Interestingly, if Matrix A MIMO is 
employed (that is transmit diversity), 
the irreducible error rate is 1 percent 
and not 0.01 percent achieved with Rx 
diversity. This could be explained by 
quantization issues during deep fades 
as, for Tx diversity, each Rx has to ex-
tract the two Tx signals from one sam-
pled waveform, which is not required 
in simple Rx diversity. Matrix A MIMO 
does, however, demonstrate a diversity 
gain versus the blue SISO curve. Given 
that WiMAX networks seek to opti-
mize approximately a 10 percent PER, 
the Matrix A performance gain will be 
valuable to the system. Finally, Matrix 
B MIMO demonstrates that even un-
der these Ped B channel conditions, it 
is possible to double the data through-
put. There is, however, a penalty in 
terms of the required signal to noise.

CONCLUSION
This article has shown how a base 

station emulator can be used in con-
junction with a channel emulator to 
characterize the performance of a 
MIMO capable receiver. Measured 
results were compared with theory for 
both AWGN and static MIMO channel 
conditions. Finally, this article presents 
MIMO receiver performance results 
using the ITU pedestrian B profile. 
This work shows how the ITU pedes-
trian B profile does stress the receiver 
(witnessed by the presence of an ir-
reducible error rate), but that it is still 
possible to exploit the benefits of both 
receive diversity and MIMO in this ra-
dio environment. n
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as the system suffers from irreducible 
error rates (see curve for condition 
number = 25 dB).

RECEIVER PERFORMANCE IN AN 
ITU-PEDB CHANNEL

Testing with static channels is in-
structive as it allows comparison be-
tween measured results and the theory 
of MIMO operation. However, in order 
to assess the expected performance of a 
given system, it is necessary to emulate 
time varying “real world” channels. In 
this article, an ITU pedestrian profile 
B (mobile speed of 3 km/h) was used 
as one example of a real world channel.

Figure 7 shows the SISO receiver 

performance for both ½ rate QPSK and 
5/6 rate 64QAM under both AWGN 
and pedestrian B channel conditions. 
For the 1/2 rate QPSK, the sensitivity is 
degraded by approximately 8 dB, using 
the pedestrian B channel at the 1 per-
cent PER level. For 5/6 rate 64QAM, 
the receiver suffers from an irreduc-
ible error rate when measured under 
pedestrian B channel conditions. To 
verify this result the measurement was 
repeated on a different DUT and simi-
lar results were found.

Figure 8 shows the 5/6 rate 64QAM 
performance with a variety of SISO/
MIMO configurations. The green 
line for SIMO shows the benefit of 

s Fig. 4  2  2 MIMO channel.
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s Fig. 5  MIMO performance in static chan-
nels with varying condition numbers.
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Operators are faced with the challenge 
of providing enough transmission 
capacity for the almost exponential 

demand in bandwidth from new data servic-
es, while constrained by a relatively modest 
increase in revenue from those services (see 
Figure 1). This additional bandwidth demand 
is not an issue for fiber optic transmission sys-
tems, which have virtually limitless capacity. 
However, radio systems are constrained in ca-
pacity by available radio frequency (RF) band-
width and can suffer quality degradations dur-
ing atmospheric irregularities.

Conversely, fiber is not readily available in 
the access portion of the network and is too time 
consuming and costly to provide in a ubiquitous 
manner. Therefore, microwave radio will con-
tinue to be the technology of choice for next-
generation access networks, compelling a solu-
tion to the problem of constrained bandwidth.

User data throughput can be increased in a 
fixed RF bandwidth through the use of more 
complex modulation schemes, improving the 
bits/Hz efficiency. However, historically, this 
came at the cost of all the traffic being more 
susceptible to noise and interference. Thus, 
there was a trade-off between quality and ca-
pacity. This was a one-off decision that had to 
be made at the design phase, where the choice 
was either to deploy radios with a low modu-
lation scheme, which could achieve higher 
availability and performance for a given size of 
antenna, or have much higher capacity in the 
same RF bandwidth, but with a lower level of 

Stuart Little
Harris Stratex
Trevor Manning
TMC Global Ltd.
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Deployment and Link 
Planning of Adaptive 
Coding and Modulation 
Radio Networks
This article covers how Adaptive Coding and Modulation (ACM) systems 
operate and can be deployed, illustrates their significant advantages, and 
recommends a new planning methodology. It shows that significant increases 
in data throughput can be obtained without compromising Quality of 
Service (QoS) requirements—even if the maximum modulation scheme was 
planned in the first place. In ACM systems it is essential to understand the 
difference between link availability (i.e., uptime) and link performance (i.e., 
signal quality while the system is operational) as detailed in the International 
Telecommunications Union (ITU) standards. High frequency links (>13 
GHz) are affected by rain attenuation and should be designed to meet the 
link availability objectives in a different manner from that of low frequency 
links, where multipath fading predominates, affecting performance but not 
availability.
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quality for all traffic. Alternatively, to 
achieve the same Quality of Service 
(QoS) metrics, extra expense had to 
be incurred by deploying larger an-
tennas on the radio hops.

ACM UNLOCKS ADDITIONAL 
CAPACITY

Microwave radio systems have now 
evolved that can provide significantly 
more capacity in a fixed RF band-
width—at the equivalent level of ser-
vice to fiber. The key technology en-
abler for this is Adaptive Coding and 
Modulation (ACM).

ACM radio systems are able to 
monitor path conditions and switch 
to lower modulation schemes, creat-
ing more available fade margin, when 
necessary, to extend the primary traf-
fic and critical radio control services 
by enhancing the availability and 
performance of the link. ACM sys-
tems can thus offer significantly more 
throughput most of the time, the only 
trade-off being that additional traffic 

being carried cannot achieve the same 
availability and performance as the 
core traffic.

Transmission networks now have 
a mix of traditional TDM and Eth-
ernet traffic. Ethernet is becoming 
more popular in transmission net-
works, largely due to the efficiencies 
and scalability for carrying data traf-
fic, which includes voice in the case 
of VoIP. Using various prioritization 
methods, Ethernet traffic is easily dif-
ferentiated to achieve different QoS 
levels and thus ACM becomes a very 
attractive solution for reducing the 
overall transmission bottleneck.

WHAT IS ACM?
ACM is a new technology available 

in radio equipment that allows the 
coding and modulation schemes to be 
changed according to path conditions. 
ACM equipment is designed to en-
sure these changes do not exceed ei-
ther transmitter or receiver spectrum 
regulatory masks. Changes in modula-

tion and thus throughput of data and 
link uptime can be improved under 
adverse path conditions. Traffic shap-
ing is done at the radio input to match 
the offered traffic with available chan-
nel capacity. This ensures that priori-
tized traffic is transmitted at its peak 
level in order to meet availability and 
performance requirements. As shown 
in Figure 2, additional traffic can be 
carried over the link during non-fad-
ing periods, significantly increasing 
the overall average throughput of the 
link.

ACM increases the average 
throughput of data, but at the cost of 
blocking access to some traffic to the 
radio path for small periods of time. It 
is particularly useful when:
• Maximum throughput is more im-
portant than reliability;
• Different levels of priority traffic 
can be identified;
• Licensing conditions insist on high 
spectrum efficiency modulation 
schemes, yet extra performance is de-
sired for some critical traffic;
• Licensing conditions allow a simple 
modulation scheme to operate on the 
link, but maximum return on the in-
vestment in the spectrum allocated is 
desired;
• Existing links are required to be up-
graded to a higher capacity using the 
same path and antenna sizes.

The term “adaptive” is somewhat 
misleading, as it creates the impres-
sion the links are constantly changing 
as weather conditions change. Digi-
tal radio links operate on a threshold 
basis, where they are not affected by 
changing weather conditions until 
a critical receiver threshold value is 
exceeded. Any fading activity is thus 
not seen by users until it breaches this 
critical threshold. Lower modulation 
schemes allow this threshold to be 
breached for less time, thus increas-
ing availability and performance.

However, this margin is not needed 
most of the time, and the links can op-
erate at this higher throughput with 
no degradation in quality. The radio 
monitors the hop conditions, and it 
only changes the modulation scheme 
when it is possible that these criti-
cal thresholds could be breached. In 
practice, this happens very seldom, 
despite the fact that modulation 
switching is done on a predictive ba-
sis, pre-emptively deciding to switch 
prior to any potential failure event. 

s Fig. 1  The end of the ‘Voice Era’ and the increase in demand for data traffic is creating a widen-
ing Ô Revenue GapÕ .
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s Fig. 2  Adaptive Coding and Modulation (ACM) takes advantage of good propagation conditions 
to boost link capacity.
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function of the system gain figure for 
each modulation scheme.

PERFORMANCE (MULTIPATH 
OUTAGE WITH THROUGHPUT 
IMPACT)

For links less than 10 GHz, mul-
tipath fading—where multiple radio 
signals with differential delays arrive 
at the antenna simultaneously—is the 
primary reason for any “outage.” The 
atmospheric conditions that cause 
multipath outages are typically limit-
ed to a fading season of some months 
and occur at specific times of the day 
(usually several hours at sunrise and 
sunset).

While unusual for multipath out-
ages to exceed 10 seconds, which, 
strictly speaking, is not an unavail-
ability outage (i.e., “downtime”), error 
bursts that often result would mean 
short blocks of time where quality is 
so impaired that the service quality is 
not “acceptable.” This can result in a 
short break in transmission (i.e., se-
verely errored seconds, loss of frame), 
which is considered a performance 
outage. Until the fading depth equals 
the fade margin, no errors will occur.

Multipath fading that does not 
cause errors to priority traffic on lower 
modulation schemes would cause er-
rors to traffic on higher modulation 
schemes due to the lower fade margin. 
When the performance levels of the 
lower- or non-priority traffic is calcu-
lated, if the number of fading events is 
considered too high, the fade margin 
can be increased with bigger antennas 

Adaptive modulation should not be 
considered as a dynamic optimization 
technique.

DEFINING QUALITY OF SERVICE
With the emergence of high speed 

mobile data, the IP and telecom worlds 
are converging. The IP world is very 
familiar with using statistical gains in 
multiplexing data into asynchronous 
packets to achieve maximum data 
throughput. More recently, work has 
been done to define a specific QoS for 
“carrier grade” service, which typically 
refers to technologies that can achieve 
network availability of 99.999 percent 
with re-convergence times of 50 ms or 
less. In the telecom world the focus 
has traditionally been on providing 
a dedicated channel, and associated 
fixed bandwidth and throughput, with 
clear methodologies to calculate any 
expected outages or quality impair-
ments on the radio hop.

In a radio-based ACM network, 
instantaneous throughput can change 
as link conditions demand. Traffic can 
be shaped at the radio channel input 
such that different streams can experi-
ence different levels of service. What 
is important to note is that the back-
ground error rate of the traffic itself is 
unaffected.

QoS allows quality metrics to be 
defined as part of a customer’s Service 
Level Agreement (SLA). A top-down 
design methodology is needed, where 
the network has to be designed to a 
specific QoS, which in turn dictates 
QoS objectives for radio links and in-
dividual radio hops.

QUALITY IN A RADIO NETWORK
In radio networks, weather irregu-

larities cause additional impairment to 
background noise in the equipment. 
Rain outages affect the availability of 
the link, whereas multipath fading af-
fects the quality of the link, during the 
period when the link is available.

The ITU standards clearly differ-
entiate between availability standards 
(defined in ITU-T G.827 and ITU-R 
F.1703) and performance standards 
(defined in ITU-T G.821, 826 and 
828 and ITU-R F.1668). This is com-
plex to apply to real radio networks, 
so for short radio links it has been a 
common industry practice to combine 
availability and performance in a per 
hop reliability target of between 99.99 
percent to 99.999 percent.

While this has been a useful design 
simplification for access links, it gets 
the “right answer” using the “wrong 
method.” With ACM systems, which 
can have variable throughput and 
have different traffic streams experi-
encing differentiated availability and 
quality levels, it becomes essential 
to separate these two aspects again. 
Otherwise operators will become very 
confused as to the true performance 
of the link, and system planners could 
make incorrect hop design decisions. 
Availability is the amount of “uptime” 
of the radio link, and during this pe-
riod, performance is measured, which 
affects throughput and transmission 
quality.

AVAILABILITY (RAIN OUTAGE)
For links greater than 13 GHz, rain 

is the primary reason for any outage. 
When the hop fade margin is exceed-
ed by rain of a particular intensity, an 
outage will occur for the duration of 
that rain fading event. This could be 
many minutes and thus affects avail-
ability. It can be treated equivalent to 
a fiber cut, so the fade margin should 
be chosen to ensure it is a rare event. 
These outages can be easily quanti-
fied if the rain intensity statistics are 
known or can be estimated.

In ACM links, where each modula-
tion scheme has a different fade mar-
gin, the available time for each traffic 
stream has to be considered separate-
ly, as shown in Figure 3. Each differ-
entiated traffic stream will thus have a 
different level of “uptime,” which is a 

s Fig. 3  In ACM systems, each modulation will support a different level of Ô uptimeÕ .

Total Link Capacity

QPSK Capacity

16QAM Capacity

64QAM Capacity

Clear Clear Clear Clear

64QAM

16QAM

4PSK

Heavy RainModerate
Rain

Light
Rain



MWJ/EWT/COUNTS/0409

Visit http://mwj.hotims.com/23293-4 or use RS# 4 at www.mwjournal.com/info

http://mwj.hotims.com/23293-4
http://www.mwjournal.com/info
http://www.ewtfilters.com
mailto:sales@ewtfilters.com
http://www.EWTFILTERS.com


16  NEXT GENERATION WIRELESS n NOVEMBER 2009

Next Generation Wireless

ferent types of services was taken into 
account from the start to allow the 
router to select a route based on mini-
mum delay, maximum throughput, 
maximum reliability or lowest cost.

Routing of traffic types can be 
prioritized by inspecting the packet 
headers in the switches or routers. It 
is also possible to define each port of 
a device with a different priority level. 
In radio equipment, TDM traffic can 
be queued according to priority so 
that both TDM and Ethernet traffic 
can be differentiated.

ACM HOP AND LINK DESIGN
ACM requires a change in think-

ing to traditional radio hop design. 
Current practices often ignore prac-
tical considerations, are not cost op-
timized and focus on high levels of 
availability per hop with no consider-
ation of optimizing the throughput in 
the RF channel. All traffic is treated 
as being equal despite the fact that 
the types of traffic have different real 
QoS requirements and revenue pro-
files.

In the past, link capacity was fixed 
and thus the only variables were the 
fading conditions. To design a radio 
hop, the availability and performance 
of the traffic must be calculated. This 
defines the hardware set-up (i.e., an-
tennas, equipment type, configura-
tion) and software settings (e.g., maxi-
mum transmitter power). In the case 
of ACM, not all traffic experiences 
the same QoS metrics because some 

“rogue” interferers, generated outside 
of the frequency planning process. 
However, that negates the benefits of 
having a licensed frequency. Higher 
level interferers that exist on a tem-
porary basis under adverse conditions 
are also addressed by frequency plan-
ning and the fact that lower modula-
tion schemes are more robust under 
this condition—part of the benefit of 
using ACM in the first place.

While it may appear that a new link 
could be allowed by the regulator for a 
radio with a lower modulation scheme, 
this could breach the SNR require-
ments of the existing high modulation 
scheme radio, inhibiting its return to 
the higher modulation scheme after 
a fade has occurred. In practice this 
could not happen.

TRAFFIC PRIORITIZATION
Key to achieving maximum benefit 

with ACM is the ability to prioritize 
customer traffic. In traditional TDM 
networks, traffic multiplexed into a 
PDH-aggregated stream could not be 
identified with different priority levels 
because the information would have 
been bit-interleaved into the aggre-
gate stream. In SDH, each virtual con-
tainer (VC) could be directed through 
the network and its performance 
characteristics measured through the 
header bytes allocated to the VC. In 
ATM networks, QoS was an embed-
ded design goal in the standard.

Prioritization of different IP traffic 
types with differentiated QoS for dif-

or, better still, space diversity should 
be used to reduce the outages. Route 
diversity should not be used to im-
prove performance because multipath 
fading is a fast event and requires hit-
less protection switching as provided 
per space or frequency diversity. The 
improvement with ACM against mul-
tipath fading can be seen in Figure 4.

INTERFERENCE
Interference is any unwanted sig-

nal that has sufficient signal energy 
within the pass-band of the wanted 
receiver to affect the demodulated 
signal quality. For the demodulator to 
correctly demodulate a wanted signal 
error-free, the unwanted signal has to 
be below a minimum signal to noise 
(SNR) level. The higher the SNR 
value is, the more complex the modu-
lation scheme. Since the radio hop is 
required to carry operational traffic all 
the way down to the threshold of the 
receiver, interference signals must be 
considered under faded and unfaded 
conditions.

In ACM systems, when the modu-
lation scheme changes from a lower 
order to a higher order, the receiver 
threshold degrades and the minimum 
SNR figure required by the demodu-
lator increases. In Europe, where 
ETSI standards apply, the transmitter 
power also needs to be backed off to 
achieve the required linearity using 
the higher modulation scheme.

Measured from the 256QAM 
threshold point, the maximum in-
terference level is roughly the same, 
regardless of modulation scheme. 
This is because at a lower modula-
tion scheme, although the minimum 
SNR is relaxed, the reference point is 
its receiver threshold point, which is 
much lower than at a higher modula-
tion scheme.

This is significant, as it means that 
once a frequency is allocated, the maxi-
mum interference level allowed will 
be below the minimum SNR for any 
modulation scheme. For example, an 
interfering signal below an unfaded 
receiver would not cause problems for 
a 4PSK link, but it would seriously de-
grade the threshold of a 256QAM ra-
dio. However, an interfering signal that 
high would not be allowed in the first 
place because it would exceed the SNR 
requirements of a faded 4PSK hop.

It could be argued that the 4PSK 
radio would still be more resilient to 

s Fig. 4  ACM performance in the presence of multipath or Ô selectiveÕ  fading.
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• If core traffic can be differentiated, 
the link should be designed to meet 
the lowest modulation scheme outage.
• If all traffic is treated equally, the 
link should be designed for the high-
est modulation scheme deployed. The 
improvement in average uptime can 
be specified.

CONCLUSION
ACM is a technology available 

to operators at relatively little addi-
tional CAPEX that can significantly 
optimize the transmission avail-
able bandwidth and therefore user 
throughput of data. The usual trade-
off in quality vs. RF bandwidth ef-
ficiency is removed by segmenting 
and prioritizing the input traffic, so 
that the highest level of availability 
and performance can be achieved for 
priority traffic, while achieving the 
throughput expected using spectrally 
efficient systems.

ACM provides benefits, but is par-
ticularly useful where input traffic can 
be prioritized with different QoSs. 
Even where no traffic prioritization 
is performed, the average availability 
and performance improves compared 
to non-ACM, high-modulation sys-
tems.

The coding gains through ACM are 
an excellent alternative to increased 
gain provided by large antennas, 
which can enable significant savings 
in installation and tower costs. In or-
der to design ACM links, QoS must 
be considered where availability is the 
uptime period, which is maximized 
through redundant equipment and 
network topology, and performance is 
considered during uptime periods and 
is optimized to achieve the maximum 
throughput of data.

Operators are struggling with the 
threat of insufficient backhaul capac-
ity for new bandwidth hungry data 
services. Modern ACM-equipped 
microwave radio systems are now 
available that provide an ideal solu-
tion. Adaptive modulation will be 
a key technology feature sought by 
mobile operators who are planning 
to evolve their transmission networks 
to all-IP to support next-generation 
broadband services, enabling them 
to smoothly and cost effectively in-
troduce high speed Carrier Ethernet 
transport, with minimal CAPEX de-
mands. n

the other “virtual pipes” for addition-
al non-priority traffic can be calcu-
lated separately. In other words, QoS 
can be calculated for each priority 
queue, treating the radio as having n 
virtual links where n is the number of 
modulation schemes deployed. Thus, 
smaller antennas can be used rather 
than if the whole path had been de-
signed for the maximum modulation 
scheme.

In either case, the basic QoS fig-
ures for the “core” or “all traffic” are 
tabulated using the conventional out-
age calculations for availability and 
performance. The end-to-end outage 
is calculated using the traditional ap-
proach of cascaded hops making up a 
radio link.

KEY RECOMMENDATIONS FOR 
DEPLOYING ACM LINKS

A more holistic approach to radio 
design is needed, where the nature of 
the traffic in terms of importance (e.g., 
revenue, cost of failure) and type (e.g., 
delay sensitive, bandwidth sensitive) 
should drive design. A top-down de-
sign methodology should be assumed, 
where the radio hop design is a subset 
of network topology decisions.

In summary, the following are 
some particular guidelines that should 
be followed:
• Design to network and link objec-
tives that include system architecture 
and traffic management consider-
ations, with less emphasis on radio 
hop design to fixed design limits.
• Ensure the link meets the overall 
QoS objective, taking network topol-
ogy into account, and do not iterate 
antenna sizes until a per hop thresh-
old value is reached.
• Focus less on flat fade margin and 
large antennas to achieve availability 
and performance goals.
• Treat availability and performance 
separately.
• Compare rain outage with annual 
availability (uptime) objectives for 
each virtual ACM pipe. The overall 
average uptime can be calculated for 
the system.
• Radio link design should be done 
treating each capacity stream linked 
to a modulation scheme as a virtual 
pipe. The radio system gain param-
eters should be used for the ACM ra-
dio that has the built-in ACM coding 
gains.

traffic is restricted during anticipated 
heavy fading to enable changing the 
modulation scheme and reducing the 
outage time for the remaining traffic. 
Radio link design must therefore take 
into account the improvements made 
using ACM.

TRADITIONAL METHODOLOGY
Historically, the approach with ra-

dio link design has been to set a ‘hop’ 
objective and then increase antenna 
size until the fade margin meets the 
hop objective. On long hops this often 
meant that the largest antennas in the 
manufacturer‘s line were used, which 
puts huge stresses on towers. ACM 
can be used to provide extra system 
gain instead of increasing antenna 
size, with no infrastructure implica-
tions.

ACM DESIGN METHODOLOGY
Radio hop design should be de-

signed in a pragmatic way taking into 
account where the hop is in the net-
work, what type of traffic is carried, 
the overall network topology and 
practical considerations of radio and 
antenna spares, antenna space on the 
tower and maintenance constraints.

The customer experiences the ef-
fects of the holistic design consider-
ations and not just the per-hop fade 
margin. The ACM design can be ac-
complished assuming that the traffic 
outages can be calculated for each 
prioritized queue, linked to the vari-
ous modulation schemes deployed, or 
“virtual pipes.” In the case of a non-
prioritized aggregate input, the aver-
age outage figure can be computed.

ACM LINK DESIGN
In order to design an ACM link, it 

is important to consider in which of 
two modes ACM is being used:

Equal priority traffic mode: In this 
mode the link is designed using the 
highest modulation scheme and an 
improvement factor can be calculated 
for running the link with ACM. This 
improvement may not result in small-
er antennas, but does improve cus-
tomer experience. The average avail-
ability and throughput are improved.

Prioritized traffic mode: In this 
mode, the link is designed to meet 
the QoS metrics of the core traffic 
using the lowest modulation scheme. 
The performance and availability of 
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From its beginning, one of the challenges 
of mobile cellular communications sys-
tems has been delivering a very stable 

and accurate (as little as 16 parts per billion, 
ppb) long-term frequency reference at each 
base transceiver station (BTS) to maintain ac-
curate radio transmit and receive frequencies 
needed for reliable inter-cell call handoff and 
interference control. An even bigger challenge 
comes with some existing and emerging cel-
lular architectures that require a precision (as 
stable as ± 1 µs) time reference to support time 
division duplex (TDD) operational modes. By 
‘time,’ a common (relative) sense of time across 
the network is meant, but not necessarily abso-
lute time of day (such as 9:35 AM PST, 12 Dec 
09). Be aware that some writers’ use of ‘time’ 
refers to relative time, while others mean abso-
lute time of day.

Historically, syntonization means two or 
more oscillators having the same frequency 
while synchronization means two or more 
clocks indicating the same time. Syntonization 
is often confusingly referred to as synchroniza-
tion. The syntonization reference was provided 

by the T1 (1.544 Mbps) or E1 (2.048 Mbps) 
backhaul lines that connect the Time Division 
Multiplexed (TDM) data to the wired network. 
The time reference required installing a Glob-
al Positioning System (GPS) downlink to each 
base station (see Figure 1).

Exploding demand for data capacity for 
new cellular services like mobile Web brows-
ing, music and video downloads, in combina-
tion with intense cost pressure to support mass 
service demand, have led cellular network 
equipment manufacturers and cellular service 
providers to look for alternate approaches to 
backhaul traffic. A promising approach is to 
use carrier-class Ethernet equipment to pro-
vide additional data capacity at approximately 
one-sixth the cost per bit, while preserving ser-
vice quality. Unfortunately, using Ethernet to 
eliminate the expensive T1 or E1 connections 
breaks the frequency reference provided by 
the TDM link, forcing operators again to install 
a GPS downlink at each station (see Figure 2). 
Thus, the Ethernet cellular backhaul solution 
has a missing link in providing cellular back-
haul references.

ENTER IEEE 1588, PRECISION TIME 
PROTOCOL

In 2002, the IEEE 1588-2002 Precision 
Time Protocol (PTP) standard was created to 
provide precision timing across Local Area 
Networks (LAN) for test and measurement 

Scott Gibson
Symmetricom Inc., San Jose, CA
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The Missing Link in 
Ethernet Cellular Backhaul: 
IEEE 1588-2008, Precision 
Time Protocol

s Fig. 1  Cellular network syntonization via TDM backhaul.

Radio Node
Controller

TDM Backhaul App Data

Freq Ref

Base Station



0°

15

30°

45°

60°

75°
90°

105°

120°

135°

150°

165°

±180°

-165°

-150°

-135°

-120°

-105°
-90°

-75°

-60°

-45°

-30°

-15°

-20
-15

-10
-5

0

F 1

F 2

F 3

F 4F 1

F 2

F 3

F 4

 

0°

15°

30°

45°

60°

75°
90°

105 °
120°

135 °

150 °

165 °

±180°

-165°

-150°

-135°

-120°

-105°
-90°

-75°

-60°

-45°

-30°

-15°

-20
-10

0 

F 2

F 1

F 2

F 1

F 3

F 4

8 BEAM SYSTEM 
GSM &

WiMax FREQUENCIES

ISO 9001:2000
Certified

-10-105°°

E l e c t r o m a g n e t i c  Te c h n o l o g i e s  I n d u s t r i e s ,  I n c .
5 0  I n t e r v a l e  R d .   B o o n t o n ,  N J  0 7 0 0 5  U . S . A .

Te l :  9 7 3 - 3 9 4 - 1 7 1 9   F a x :  9 7 3 - 3 9 4 - 1 7 1 0
e m a i l :  s a l e s @ e t i w o r l d . c o m  w e b s i t e :  w w w . E T I w o r l d . c o m

6 BEAMS IN 
90

O

SECTOR
DUAL POLARIZATION

MULTI-BEAMMULTI-BEAMMULTI-BEAMMULTI-BEAMMULTI-BEAMMULTI-BEAMMULTI-BEAMMULTI-BEAMMULTI-BEAMMULTI-BEAMMULTI-BEAMMULTI-BEAMMULTI-BEAMMULTI-BEAMMULTI-BEAM
ANTENNA SYSTEMANTENNA SYSTEMANTENNA SYSTEMANTENNA SYSTEMANTENNA SYSTEMANTENNA SYSTEMANTENNA SYSTEMANTENNA SYSTEMANTENNA SYSTEMANTENNA SYSTEMANTENNA SYSTEMANTENNA SYSTEMANTENNA SYSTEMANTENNA SYSTEMANTENNA SYSTEM

MWJSUPP/ET/SYSTEM/1109

 Visit http://mwj.hotims.com/23293-5 or use RS# 5 at www.mwjournal.com/info

mailto:sales@etiworld.com
http://www.ETIworld.com
http://mwj.hotims.com/23293-5
http://www.mwjournal.com/info


22  NEXT GENERATION WIRELESS n NOVEMBER 2009

Next Generation Wireless

and industrial control applications. 
Segments of these industries need 
to provide widely distributed sen-
sors and actuators a common sense 
of time for coordinated measurement 
and control. For example, what is the 
distribution of stress in aircraft wings 
under dynamic vibration conditions? 
(Are the wings going to fall off?) And, 
how do we ensure that newsprint pa-
per fed into a 100 meter long print-
ing press at 30 meters per second also 
comes out at 30 meters per second? 
(Will it rip or end up in a pile on the 
floor?)

PTP is a time transfer protocol that 
allows precision time at one (Master 

Clock) location to 
be accurately trans-
ferred to another 
(Client Clock, also 
called a Slave Clock 
in the literature) lo-
cation through an 
asynchronous pack-
et network using an 
exchange of care-
fully produced time-
stamps of packet ar-

rival and departure times as measured 
by the local clock (see Figures 3 and 
4), some assumptions and some arith-
metic.

If the network is constrained to use 
identical forward and reverse network 
paths, it is a good assumption that the 
forward and reverse packet propaga-
tion delays are equal. The offset of the 
two clocks is then simply:

DeltaTime = (t2-t1) - PathDelay
where PathDelay = ½[(t2-t1)+(t4-

t3)]
After the Delay_Resp message, the 

client can calculate DeltaTime, reset 
itself to the master clock’s time and 
thus transfer the time from master to 
client. As the two clocks naturally drift 
relative to each other and propagation 
delay changes, new timestamps are 
exchanged and the process repeats, 
keeping the two clocks the same, or 
synchronized.

THE TELECOM INDUSTRY SEES 
AN OPPORTUNITY

The original PTP standard con-
ceptually solved the Ethernet base 
station reference problem, shown in 
Figure 5, except for the not insig-
nificant need for greatly improved 
frequency and time stability (to have 
accurate time, one must have accurate 
frequency), the ability to apply it be-
yond the LAN environment to reach 
cellular base stations and carrier-class 
reliability. With the otherwise stellar 
potential of carrier-class Ethernet for 

cellular backhaul, 
the telecom industry 
teamed with their 
test and measure-
ment and industrial 
control partners 
to take on PTP for 
telecom timing, 
including base sta-
tion backhaul. The 
result of this effort 
is a much-improved 

standard for telecom applications: 
IEEE 1588-2008, Precision Time 
Protocol, commonly called PTPv2. 
PTPv2 defines a significant number of 
improvements that support the strin-
gent needs of base station frequency 
and time references.

Higher Message Rates
To ensure stability requirements 

can be met with inexpensive client 
clock oscillators, the client clock time 
must be updated more frequently. 
The revised PTP standard allows 
timestamp exchange (sync, follow_up, 
delay_request and delay_response 
message) rates over 128 per second, 
from the original maximum value of 
once per second. Though not explic-
itly required by the standard, more 
frequent timestamp updates do little 
good without accurate timestamps to 
exchange. Hardware timestamping, 
on both the master and client sides, 
delivers the sub-microsecond accura-
cy needed for base station references, 
as compared to software timestamp-
ing, which has jitter associated with 
typical software processes.

Shorter Message Formats
To keep the network bandwidth 

consumed by timestamp exchanges 
to a minimum, the original 165 oc-
tet (eight bit) message format was 
shortened to 44 octet sync messages 
by placing information about clock 
source and quality into a separate An-
nounce message that need not be sent 
as frequently.

Unicast
The original PTP standard only 

supported multicast message ex-
changes between clock masters and 
clients. PTPv2 adds support for the 
unicast messaging needed in a tele-
com environment. Unicast messaging 
allows each client clock to only listen 
to messages from its master. This re-
duces the processing power and cost 
of the many client clocks typically 
found in a network, compared to what 
would be required using multicast. 
Also, unicast messaging allows clients 
of different capabilities and in differ-
ent locations in the network to have 
different sync messaging rates. Mul-
ticast messaging requires the master 
to send messages to all clients at the 
highest rate required by any client in 
the network, potentially wasting net-
work bandwidth.

s Fig. 2  Ethernet backhaul with GPS reference.
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s Fig. 3  PTP master clock server and client 
Ethernet work.
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a good quality oscillator, either an 
Oven-Controlled Crystal Oscillator 
(OCXO) or better-yet, a Rubidium 
atomic oscillator (RbO), to maintain 
the required time accuracy even if 
the time or frequency reference used 
by the GMC (such as GPS or T1 or 
E1) should fail for an extended pe-
riod of time, a function called ‘hold-
over.’ A good OCXO-based GMC 
should be able to maintain sufficient 
accuracy in holdover for eight hours 
or more. A good RbO-based GMC 
should have ten times the holdover 
performance.

The GMC must have hardware 
timestamping, which, as was already 
mentioned, is required to precisely 
transfer clock time accuracy to the 
timestamps. Since the GMC is serv-
ing timestamps to a great many PTP 
slaves, the serving capacity of the 
GMC is also important. For example, 
a network with 125 client clocks with-
in the network topology, and the client 
oscillator quality require an average of 
16 sync and delay messages each, plus 
two announce messages per second to 
maintain the required frequency and 
time reference stability. The resulting 
GMC serving capacity needed is:

125 clients  [(16  2) + 2] mes-
sages/second/client = 4250 messages/
second server capacity.

To deliver carrier-class reliability, 
one must eliminate single points of 
potential failure. A quality GMC will 
have redundant power supplies and 
redundant clocks with built-in hard-
ware and network protection, which 
keeps the GMC operating even if 
one power supply or clock oscillator 
should fail. Wide deployment of PTP 
technology requires that GMCs have 
the ability to be remotely monitored, 
managed, and upgraded with new 
firmware to deliver new capabilities 
as they are developed. Because of its 
central role in the cellular backhaul 
system, it is essential that GMC sup-

Beyond LANs
Two significant innovations enable 

PTP to apply beyond the original LAN 
limitation: ITU-T Recommendation 
G.8261/Y.1361 and Boundary/Trans-
parent Clocks. LANs typically consist 
of physical layer (OSI model Layer 
1) network elements (hubs, repeaters 
and extenders), which have very stable 
propagation delays, keeping packet jit-
ter or Packet Delay Variation (PDV; 
the variation in propagation delay that 
packets experience as they traverse the 
network) low, even through multiple 
devices (hops). On the other hand, 
Wide Area Networks (WAN) contain 
network elements (switches and rout-
ers) that operate at the link and net-
work layers (OSI Layers 2 and 3) and 
make more complex packet path deci-
sions and therefore often induce more 
PDV due to data control techniques 
and computational processing time 
variation.

The International Telecommunica-
tions Union (ITU) has studied the tim-
ing performance needed from packet 
networks to support stringent telecom 
industry requirements at the TDM 
interfaces. ITU-T Recommendation 
G.8261/Y.1361 identifies methods to 
evaluate packet network behaviors that 
impact time transfer performance, in-
cluding Packet Delay Variation. This 
recommendation, in conjunction with 
other ITU recommendations, provides 
a mechanism to determine the ability 
of PTP masters, clients and networks 
to support specific telecom applica-
tions. Forthcoming ITU recommenda-
tions are expected to establish specific 
PTP network performance limits for 
selected telecom applications.

The other innovation is that of syn-
chronization-friendly packet network 
elements. If messages need to traverse 
multiple switches and routers from 
the master clock to the client clock at 
the base station, Boundary Clocks or 
Transparent Clocks can be used to mit-
igate the total PDV through a cascade 
of network elements. The job of the 
Boundary Clock is to transfer precise 
time from one network domain (on the 
master side) to another network do-
main (on the client side). The Bound-
ary Clock acts like both a client clock 
to an ‘upstream’ master clock and like 
a master clock to a ‘downstream’ cli-
ent clock. Precise time of day is passed 
within the Boundary Clock from inter-

nal client to inter-
nal master through 
a high quality local 
oscillator, as shown 
in Figure 6. Thus, a 
Boundary Clock can 
be connected across 
a switch or router to 
eliminate its PDV 
contribution. The 
Transparent Clock 
similarly reduces the 
PDV contribution in 
multi-hop paths, but through the use 
of a trick. With accurate knowledge of 
its own contribution to the path delay, 
a Transparent Clock updates the time-
stamp values as they pass through the 
device, thereby compensating for its 
path delay.

Another method to improve PDV 
over a multi-hop path is by adding a 
Grand Master Clock closer to the cli-
ent clocks, effectively shortening the 
number of hops between master and 
client. A Grand Master Clock (GMC) 
is a master clock that can provide a 
precise time reference independent of 
other master clocks.

Service Reliability
Carrier class service means very 

few minutes of outage per year. The 
enormity and complexity of typical 
telecom packet networks makes it 
likely some paths will have occasional 
failures. TCP/IP networking takes 
care of re-routing data around failed 
paths, but re-routing paths can create 
a massive path delay transient (and 
therefore frequency and time tran-
sient) until timestamp messages are 
exchanged and new PathDelay cal-
culations are made for the new path. 
The PTP standard specifies that cli-
ent clocks use the ‘Best Master Clock’ 
algorithm to scan the network for the 
best possible backup master clock in 
case of path failure and to minimize a 
re-routing transient.

THE CLOCK OF GIBRALTAR
A carrier-class frequency and time 

reference solution is only as good as 
its component parts. The origin of the 
frequency and time references in PTP 
is the GMC. This is where PTP time 
originates and propagates through the 
network to the PTP client clocks, so 
the quality and reliability of the GMC 
is key.

Carrier-class GMCs start with 

s Fig. 6  Using a boundary clock to improve PDV over multi-hop 
networks.
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valuable capability is the ability of cli-
ents to report back their performance 
status to their GMC, enabling opera-
tors to conveniently monitor timing 
quality of service.

PTP clients are available as small 
half-rack ‘translators’ with traditional 
TDM outputs to enable packet timing 
to support existing TDM equipment. 
Also, leading network equipment 
manufacturers (NEM) are integrat-
ing PTP clients into their products. 
Some have chosen to use commer-
cially available small integrated mod-
ule solutions that speed and simplify 
integration of PTP clients into their 
solutions, while others are developing 
PTP client technology themselves or 
getting a hand with performance opti-
mization by using commercially avail-
able ‘soft clients’ consisting of micro-
processor and FPGA source code and 
licenses, as shown in Figure 8.

GO FOR A TEST DRIVE
Some great news about PTP solu-

tions is that you can now test them 
out to ensure they will work. Most 
vendors can share test data to dem-
onstrate how their GMCs and/or PTP 
clients work under various network 
conditions—with different network 
elements from the various NEMs, 
through multiple hops across net-
works, with varying traffic dynamics—
to better understand the performance 
of the end-to-end packet timing solu-
tion.

Also, legacy and newly available 
test equipment allows one to test the 
performance. With a GMC, packet 
network and PTP client TDM trans-
lator to test, traditional TDM timing 
equipment can measure how well the 

important to getting 
frequent low-jitter 
timestamps is the 
design of the oscilla-
tor servo, the circuit 
inside the PTP cli-
ent that directs the 
oscillator to speed 
up or slow down af-
ter a new message is 
received. This can 
have profound ef-
fects on how well 
the client behaves 
in a challenging net-
work environment. 
Figure 7 shows 
some sample clients’ 
servo performance 
compared to ap-

plication performance requirements 
masks. With good design around these 
factors, the best PTP clients can sup-
port cellular backhaul frequency and 
time reference requirements with 
low-cost OCXOs.

Earlier, the ‘Best Master Clock’ 
algorithm to reduce timing transients 
during path re-routes and unicast 
support to allow message rates to be 
tuned for best performance was dis-
cussed. The best PTP clients support 
these. Also, many network operators 
like to manually assign PTP clients 
to primary GMCs, as well as backup 
GMCs to ensure they know exactly 
which clients will be affected during 
various network outage scenarios. The 
best PTP clients will allow this GMC 
assignment approach, as well as en-
abling remote management through 
centralized GMCs and PTP Network 
Management Software, simplifying 
system management tasks. Another 

pliers stand behind their products 
with both hardware and software war-
ranties, as well as providing a 24  7 
support wherever they are deployed 
throughout the world.

Carrier-class GMCs are available in 
both a ‘blade’ type form-factor for in-
stallation in Sync Supply Units (SSU) 
in Mobile Switching Centers (MSC), 
and in a small, 1 rack unit (RU) in-
tegrated form-factor, well-suited for 
MSCs without SSUs and Base Station 
Controller/Radio Node Controller 
(BSC/RNC) locations.

THE CLIENT MAKES ALL THE 
DIFFERENCE

While the Grand Master Clock is 
central to the synchronization solu-
tion and therefore must be extremely 
accurate, stable and reliable, the PTP 
Client has the toughest job. It lives on 
the other side of the network ‘cloud’ 
from the GMC and must contend 
with whatever is happening in the 
cloud (such as traffic levels, failures, 
re-routes) and locally to the client 
(such as temperature changes, power 
supply failures) to do its job.

The fundamental choice for PTP 
clients is around oscillator quality, cost 
and form-factor. The better the client 
local oscillator, the better it can handle 
whatever is thrown its way. However, 
better oscillators cost more money 
and reducing cost is the ultimate goal 
with the cellular backhaul packet up-
grade. To get great results with low 
cost oscillators, the best PTP clients 
support message rates up to 128 per 
second and use hardware timestamp-
ing to minimize induced jitter. Just as 

s Fig. 7  PTP client clock performance examples.

s Fig. 8  Stand-alone PTP translator, embedded module and embedded code solutions.
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up to ten hops. Sufficient GMC capac-
ity can be checked by summing the 
message rate load for each client served 
by the GMC. If the demand exceeds 
the capacity of the GMC, an additional 
GMC can be added to divide the load. 
This has the added benefit of reducing 
the number of hops and lowering the 
PDV seen by some of the PTP clients. 
Finally, each PTP client needs to have 
access to a backup GMC with available 
capacity in the case of network failure.

The GMC may have capacity to 
support the desired quantity of clients, 
but the multi-hop network may have 
excessive PDV to meet the timing 
performance required. There are five 
choices under these conditions: get a 
better GMC, get a better PTP client, 
add a closer GMC, add a boundary 
clock, or add a transparent clock. As-
suming you have already got the best 
GMC and PTP clients available, add-
ing a GMC, boundary clock, or trans-
parent clock appear to be the remain-
ing options. As of this writing, lack 
of commercially availability bound-
ary clocks and transparent clocks for 
telecom applications leaves adding a 
GMC as the practical solution to con-
trolling PDV over wide area networks, 
and it has the added benefit of flatten-
ing the overall timing network.

CONCLUSION
Ethernet is an enabling technology 

for improving capacity and cost of cel-
lular network backhauling. The missing 
link in this approach has been provid-
ing the precise frequency and time ref-
erences to base stations. IEEE 1588-
2008, Precision Time Protocol can now 
be used to complete this link. Best re-
sults require a carrier-class PTP Grand 
Master Clock, performance-optimized 
PTP clients, and following some basic 
network design guidelines. GMCs are 
available in both ‘blade’ form factor for 
Sync Supply Units (SSU) installations 
and small standalone form factor for 
remote Base Station Controller/Ra-
dio Network Controller (BSC/RNC) 
sites. PTP clients are available as small 
‘translator’ boxes to support legacy 
TDM equipment, as well as modular 
and firmware/license packages ready 
for integration. Measurement tools are 
available to evaluate the robustness of 
PTP solutions. PTP GMC/client com-
binations are available that simplify 
management and monitoring of PTP 
timing networks. n

ation services available to assist with 
testing PTP solutions under particular 
conditions of interest.

PUTTING IT ALL TOGETHER
Simple deployment guidelines 

help ensure the best results in Ether-
net cellular backhaul timing applica-
tions. Selecting a carrier-class ‘Clock 
of Gibraltar’ Grand Master Clock 
server—with the best possible perfor-
mance and reliability, plus adequate 
capacity for the number of clients ex-
pected now and in the future in the 
network—forms the foundation of a 
solid solution. Everything flows from 
there, so do not scrimp on the GMC. 
Then, if the base station equipment 
already supports PTP, the client side is 
covered. If not, selecting a good qual-
ity PTP client ‘translator’ will support 
the reference needs of legacy TDM 
cellular base station equipment.

Deciding where to place GMCs 
throughout the network requires con-
sideration of both GMC capacity and 
PDV seen by each PTP client. Cost 
considerations encourage fewer GMCs 
and more hops, while robustness dur-
ing severe network conditions balances 
the solution back toward more GMCs 
and fewer hops. Measurements of a va-
riety of network element cascades un-
der various traffic conditions have led 
to excellent results with PTP networks 

client meets TDM performance re-
quirements over whatever network 
conditions are created. Recently in-
troduced test equipment allows mov-
ing to the packet side of the PTP client 
and directly measuring Packet Delay 
Variation (PDV) as in ITU-T Recom-
mendation G.8261/Y.1361, as shown 
in Figures 9 and 10. Another handy 
tool for PTP solution evaluation is a 
network emulator, which can conve-
niently create various network packet 
delay, jitter and loss conditions. An 
added bonus with some network emu-
lators is their ability to ‘playback’ de-
lay, jitter, and loss behavior recorded 
on real networks to allow convenient 
and accurate network simulation in a 
lab environment. Some PTP solution 
vendors have consulting and evalu-

s Fig. 9  Timing network measurement at TDM packet interfaces.
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With the recent inclusion of 
MIMO into both WiMAX and 
LTE standards, MIMO technol-

ogy is booming. In an unusual multidisciplinary 
approach, multi-mode multi-cavity microwave 
applicator, signal-processing, aperture-iris cou-
pling and RF antenna engineering techniques 
are being jointly applied to provide realistic and 
repeatable emulation of MIMO. As a result, 
EMITE Ing has developed the E300 MIMO 
Analyzer, which measures 0.82  1.425  1.95 
m. With nine wideband antennas, different 
DUT-holder stirring positions, polarization stir-
ring, two mechanical stirrers, 18 iris-coupling ap-
erture stirring and variable frequency stirring, it 
avoids the use of a rotating platform, and there-
fore the need to make MIMO measurements 
using switched-mode or virtual array techniques.

Unlike conventional reverberation cham-
bers, the MIMO Analyzer operates in both 
reverberating and non-reverberating modes, 
avoiding polarization imbalance, and is able 
to emulate a wide variety of Rayleigh, Rician, 
isotropic and non-isotropic environments from 
690 MHz to 12 GHz.

EMULATING CAPABILITIES
The 8  8 MIMO Analyzer provides both 

non-physical—correlation, mutual coupling, 
effective, ideal and apparent implemented di-
versity gain, efficiency (), diversity gain loss 
(DGL) due to efficiency/user, MIMO capacity 
(CMIMO), capacity loss (CLMIMO) due to ef-
ficiency/user, mean effective gain (MEG) and 
effective mean effective gain (EMEG)—and 
physical parameters—angle of arrival (AoA), 
angular spread (AS), number of scatters (NS), 
number of multipath components (MPC)—to 
the MIMO engineer. The E300 Series also pro-
vides for active parameters like Total Radiated 
Power (TRP) and Total Isotropic Sensitivity 
(TIS) for 3GPP/CTIA compliance testing. The 
physical effect of the user on the above param-
eters can also be measured by an agreement 
with Schmid and Partner Engineering AG 
(SPEAG), whereby the SAM v4.5BS head and 
SHO v2RBLB hand phantoms are employed in 
conjunction with the MIMO Analyzer.

Some of the different definitions of diversity 
gain measured with the E300 are illustrated in 
Figure 1. Similarly, MIMO capacity is mea-
sured using the measured channel samples be-
tween each of the MIMO receiving antennas 
(R) and each one of the transmitting ones (T). 
The recently defined efficiency-or-user related 
parameters of DGL and CLMIMO can also be 
measured using the new MIMO Analyzer.

Since it is highly unlikely that all receiving 
antennas have the same efficiency, these two 
parameters help identify the MIMO design 
optimum b=T/R for a specific fading environ-
ment and angular spread, as depicted in Fig-
ure 2, or even for a variety of fading conditions 
through automatic multiple tests in the MIMO 
Analyzer.

In addition, the instrument is able to emu-

EMITE Ing
Murcia, Spain
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The MIMO Analyzer: 
MIMO Measurements 
Made Simple

s Fig. 1  Measured diversity gain using the E300 MIMO Analyzer.
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late Rician-fading environments. To 
do this, a combination of smart-stir-
rers movement, variable iris-coupling, 
holder position and sample-selection 
by genetic algorithms is used. The 
MIMO Analyzer can specify the con-
tribution of each sample to final fad-

ing environment emulation, providing 
for an accurate way of determining 
Rician-fading environments (patent 
protected). Rician benchmarking is 
shown in Figure 3, while different K-
factors obtained from measured data 
analyses and their data distribution is 
shown in Figure 4.

The E300 can also repeatably emu-
late both isotropic and non-isotropic 
fading scenarios, providing for MPC 
and AoA histograms of measured 
data, along with the measured values 
of angular spread and number of scat-
ters. In Figure 5, the measured ei-
genvalues of the data matrix for some 
emulated scenarios are depicted.

Two techniques for emulating non-
isotropic scenarios are available on 
the MIMO Analyzer: A decrease in 
the main cavity Q-factor and the com-
bined use of a wide coupling aperture 
and a relatively-large T-R separation 
with a non-reverberating mode with 
the door open (patent protected).

Figure 6 shows the measured an-
gle of arrival for some emulated sce-
narios. Angular spreads ranging from 
36 to 85 have successfully been emu-
lated by EMITE Ing and incorporated 
onto the MIMO Analyzer firmware. 
In some emulated scenarios a high 
degree of non-isotropicity is observed, 
with up to 50 dB power differences 
for diverse angles.

Finally, the E300 is also able to 
measure TRP and TIS for compliance 
testing purposes, serving the pre-com-
pliance design and testing stages with 
a final certification of performance. 
Figure 7 shows a comparison of TRP 
measured with the E300 MIMO Ana-
lyzer, the SATIMO SG24 and EMS-

CAN LabExpress. 
This feature was 
not included in the 
E300 predeces-
sors, the E200 and 
E100 Series, which 
can be acquired at 
a lower cost.

APPLICATIONS
The E300 is 

ideally suited for 
MIMO applica-
tions that simply 
cannot be simu-
lated, such as the 
use of metamate-
rial antennas for 

wireless terminals. The radiating ele-
ment length in a mobile phone can be 
reduced between 1/15th and 1/20th of 
the wavelength using metamaterials. 
A four-element 2.4 GHz MIMO an-
tenna, for example, will fit in a volume 
of only 48  8  0.8 mm, without 
sacrificing efficiency. It is also an excel-
lent tool for identifying the maximum 
allowable Shannon capacity of the RF 
antenna front-end, which poses a limit 
to the baseband MIMO algorithm and 
places its performance into context.

Another key deployment where the 
new MIMO Analyzer can be helpful 
is that of femtocells, where interfer-
ence is an issue. Trials have shown 
that in some situations, particularly 
buildings with thick concrete floors, 
coverage may not penetrate the entire 
desired area, and then the RF inter-
face acquires great importance. The 
ideal femtocell will support multiple 
standards simultaneously, and with 
significant levels of voice and data per-
formance, MIMO technologies will be 
exploited.

Now that the IEEE 802.11n WiFi 
standard is a reality, WiFi systems with 
pre-N products based on draft versions 
of the standard can be tested by the 
MIMO Analyzer and certified for the 
recently approved standard. The pre-N 
products have been able to multiply ex-
isting peak data rates of IEEE 802.11g 
by 5 to 20 Mbps. Speed can go up to 
150 Mbps raw symbol rate when com-
bined with 40 MHz channels, and 600 
Mbps are said to be achievable with 
four spatial streams.

Another application is that of fixed 
wireless access (FWA) in WiMAX 
(IEEE 801.16) or mobile WiMAX/

s Fig. 2  Measured capacity increase using 
the E300 MIMO Analyzer.
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drive tests. Since UWB supports both 
single user and multiuser MIMO, it is 
also a good candidate to be tested us-
ing the versatility of the MIMO Ana-
lyzer. Some other mm-wave standards 
that may include MIMO techniques 
are WirelessHD (WiHD), IEEE 
802.15.3c or IEEE 802.11 VHT60, 
among others.

CONCLUSION
The E300 MIMO Analyzer has an 

emulating performance well beyond 
conventional reverberation chambers, 
which are limited to Rayleigh-fading 
and isotropic behavior. Standardization 
is also on the way following the recent 
Vodafone proposal to 3GPP to use the 
reverberation chamber technique as an 
alterative to OTA systems for MIMO 
measurements. The MIMO Analyzer 
delivers accurate, fast and repeatable 
MIMO measurements, all united in a 
single and intuitive interface, and can 
drastically reduce research, production 
and compliance testing costs and time 
to market. These capabilities also pro-
vide a basis for comparing test results as 
system hardware/software is changed, 
or alternate devices are tested, or even 
when new materials are employed. 
Automated testing improves time to 
market, test coverage, repeatability as 
well as the collection and archiving of 
the results.

Increased broadband speeds are 
driving the development of new cate-
gories of devices such as smartphones, 
mobile Internet devices, ultra mobile 
PCs and netbooks, where MIMO has 
to be fully integrated. Consequently, 
the new MIMO Analyzer is of inter-
est to both 3.5/4G cellular handset and 
non-handset wireless device manufac-
turers, including the chipsets, cellular 
phones, smartphones, wireless LAN 
access points, 4G base station anten-
nas, HSPA+ routers, compact hand-
held mobile computers, PCMCIA 
cards, PDAs, netbooks, etc. The low-
cost E300 is an important new tool for 
evaluating final product performances 
as well as MIMO conformance tests 
and compliance testing in an efficient, 
fast and accurate way.

EMITE Ing,  
Murcia, Spain,  
Tel. + 34 968 100181,  
e-mail: sales@emite-ing.com, 
www.emite-ing.com.

RS No. 300

WiBRO (IEEE 802.16e). Time-divi-
sion duplex (TDD) WiMAX includes 
several types of MIMO. In the pre-
dicted downlink schemes for mobile 
WiMAX, the criterion to switch be-
tween Matrix-A (STBC) and Matrix-B 
is based upon the scheme that gives 
the highest spectral efficiency. It is 
here where the MIMO Analyzer can 
be helpful in identifying such selection 
for specific MIMO array prototypes in 
diverse emulated scenarios.

Also, in the mobile WiMAX evolu-
tion, MIMO is also being added to fre-
quency-division duplex (FDD) mobile 
WiMAX. Both the IEEE 802.16 Work-
ing Group and the WiMAX Forum aim 
to get twice the spectral efficiency of 
mobile WiMAX release 1.0 in several 
metrics at both the downlink and up-
link using MIMO. The same is true for 
IEEE 802.16m (WiMAX 2 II/Wave 2) 
and pre-LTE transition standards like 
HSPA evolution (HSPA+). The fore-
seen MIMO technologies embedded 
into LTE have to be carefully tested and 
validated against realistic fading envi-
ronments using the MIMO Analyzer.

Furthermore, wireless is rapidly 
moving beyond the handset and even 

the PC and becoming included in ev-
ery new device or media platform. One 
niche application is that of embedded 
in-car wireless systems for vehicle-to-
vehicle (VtV), vehicle-to-infrastructure 
(VtI) or inter-vehicle communication 
(IVC). These systems include MIMO 
techniques in order to achieve fast data 
rates in harsh communications environ-
ments. DSRC/WAVE (IEEE 802.11p) 
systems fill a niche in the wireless in-
frastructure by facilitating low latency, 
geographically local, high data rate and 
high mobility communications.

Some applications envisioned using 
DSRC include applications such as lo-
cal danger warning, vehicle collision 
avoidance, traffic control and remote 
toll collection, emergency warning 
systems for vehicles, cooperative adap-
tive cruise control, cooperative forward 
collision warning, and intersection col-
lision avoidance. In addition, a pleth-
ora of more demanding applications, 
such as high-speed networking, video 
streaming and mobile commerce, are 
envisioned.

An in-vehicle infotainment/safety 
system fully integrated to the phone 
could also certainly make use of MIMO 
to solve the large variability of link con-
ditions, particularly the non-stationary 
nature of the fading behavior with 
temporary high path loss and a strong 
shadowing influence. MIMO, which 
is already being tested by car makers 
worldwide, could be the answer.

MIMO techniques for VtV com-
munication could be used either to 
obtain large capacities or to reduce 
interference effects through spatial 
filtering. Here, channel modeling is 
critical and MIMO measurements are 
essential to identify prototype per-
formance in an environment with a 
widely changing K factor. The E300, 
which is able to emulate diverse K fac-
tors and nonisotropicity, could simpli-
fy MIMO test and measurement for 
these prototypes.

Similarly, the UWB air interface 
(IEEE 802.15.3a) is expected to en-
able peak download data rates of 288 
Mbps in a 20 MHz bandwidth. It uses 
OFDMA with sophisticated control 
and signaling mechanisms, radio re-
source management (RRM), adaptive 
reverse link (RL) interference manage-
ment, and, of course, MIMO.

Throughput gains of between 20 
to 40 percent using MIMO relative to 
SIMO have already been observed in 

s Fig. 6  Some AoA histograms at the E300 
MIMO Analyzer.
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Next Generation Wireless

Because of the unique characteristics 
of the specification, LTE mobile 
infrastructure will require compo-

nents with high linearity and low loss in very 
small form factors; they must also operate with 
low power consumption. Manufactured using 
UltraCMOS, the Peregrine PE43204 digital 
step attenuator (DSA) meets these complex 
demands. It is best suited for use in the signal 
chain to adjust power levels and is specifically 
designed for LTE infrastructure applications 
such as base stations and remote radio heads.

Offering exceptional attenuation accuracy, 

+61 dBm linearity, and low phase error over 
temperature and frequency, the PE43204 is a 
high-performance DSA that provides flexible 
attenuation options across an 18 dB attenu-
ation range in 6 and 12 dB steps. Each 6 dB 
step in attenuation, for example, results in a 
50 percent reduction in the incoming signal.

Typically used in the receive path for gain 
control, the PE43204 DSA features a fast 
switching speed, which allows attenuation to 
be added quickly to protect the receiver and 
prevent over-driving the analog-to-digital 
converter. The new DSA takes advantage of 
the company’s proprietary HaRPTM technol-
ogy that dramatically improves linearity and 
eliminates gate lag or phase drift, which re-
sults in a very fast settling time.

Specifically, the PE43204 features a typical 
switching time of 26 ns with a typical attenua-
tion accuracy of +0.2 dB across a wide operat-
ing range of 50 MHz to 3 GHz (see Figure 
1). In comparison, many GaAs DSAs dem-

Peregrine Semiconductor
San Diego, CA
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Digital Step Attenuator 
Protects 4G Infrastructure

s Fig. 1  PE43204 attenuation error vs. frequency (25¡ C).
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onstrate a typical switching speed of 
130 nS, which is more than 4x slower 
than the UltraCMOS DSA.

 In some receiver architectures  
fast switching speed is imperative to 
protect the receive path from dam-
age when strong blocking signals 
are present, and it is also key for 
gain control on the base station. As 
throw counts increase for LTE, this 
specification becomes even more im-
portant. Faster switching speeds and 
shorter settling times lead to more 
reliable and more accurate perfor-
mance, and UltraCMOS inherently 
offers these advantages.

If multiple-input and multiple out-

put, or MIMO, antenna technology is 
implemented this increase in func-
tionality and signal paths increases 
the need for smaller form factors (and 
higher integration in order to control 
component count). For instance, in a 
2  2 configuration there will be a 
DSA in each transmit and receive 
path. The cost of deploying new 
LTE services will also keep pressure 
on minimizing the bill of materials 
and design complexity. Clearly, the 
need for higher integration as well as 
smaller sizes and higher performance 
is critical.

Recognizing this need, designers 
at Peregrine took advantage of the 
ability to realize logic in CMOS and 
integrated a parallel control interface 
programming logic in the PE43204, 
all while housing it in an ultra-com-
pact 12-lead 3  3  0.85 mm QFN 
package (see Figure 2).

The challenges of LTE design do 
not stop with switching speed and 
board real estate. Specifically, on the 
downlink, LTE implementation of 
orthogonal frequency division multi-
plexing (OFDM) uses several closely 
spaced orthogonal subcarriers make 
up a resource block (RB). The num-
ber of RBs will vary depending upon 
the system’s bandwidth, but general-
ly, 1RB is equivalent to twelve 15 kHz 
subcarriers. The use of RBs compli-
cates receiver design, especially in 
terms of adjacent channel selectivity 
because the LTE specification notes 
that a very large in-band interferer 
is located only 1RB away. To be suc-
cessful, devices with high linearity 
and isolation will be required to meet 
this challenge.

While maintaining a best-in-
class typical input third order inter-
cept point (IIP3) of +61 dBm, the 
PE43204 DSA demonstrates typical 
insertion loss of 0.6 dB and elec-

trostatic discharge (ESD) of 2 kV 
(see Figures 3 and 4). High data 
rate systems, like LTE, benefit from 
higher linearity and low loss like the 
specifications demonstrated by the 
PE43204 DSA. In addition, com-
ponents with high ESD ratings are 
highly desired in the manufacturing 
process to reduce the likelihood of 
ESD damage during assembly.

Despite their need for higher per-
formance and more circuitry packed 
into an IC, designers of LTE systems 
also need to limit or reduce over-
all system power consumption, and 
many want to move towards ‘greener’ 
semiconductor processing choices. 
RF CMOS technology’s advantages 
of low power are well known. Ultra-
CMOS technology is a CMOS pro-
cess where a 50 to 100 nm silicon 
film is formed directly on a sapphire 
substrate. This provides for fully-
depleted devices with little or no 
body charge under the gate. As a re-
sult, UltraCMOS processing delivers 
faster devices with reduced power 
consumption (as compared to GaAs) 
as well as excellent linearity and high 
isolation. Also, UltraCMOS does not 
use Arsenic. The PE43204 DSA, for 
instance, is biased from a 3 V sup-
ply with power supply current of 8 
µA typical. These advantages make 
UltraCMOS devices in general (and 
the PE43204 DSA in particular) an 
excellent match for the rigorous de-
mands of next-generation communi-
cations systems and LTE.

Peregrine Semiconductor,  
San Diego, CA (858) 731-9400, 
www.psemi.com.
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s Fig. 2  Functional block diagram for PE43204 DSA including on chip integrated control logic.
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s Fig. 3  PE43204 input IP3 vs. attenuation 
setting (25¡ C).
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LTE Poster 

Agilent’s LTE poster is a vital tool 
for engineers working with this ex-
citing technology. It has recently 
been updated to include technical 
detail on FDD and TDD frame 
structures, including down and 
uplink physical mapping, down-
link configurations and TDD 5-ms 
switch periodicity mapping. Get 
your free copy today. For more in-
formation, visit www.agilent.com/
find/ltetest. 

LTE Solutions Guide

AWR® Connected™ for Rohde & 
Schwarz now offers an LTE Solu-
tions Guide that highlights how to 
combine design and test domains 
for the Long Term Evolution 
(LTE) standard. The contents of 
it demonstrate how to use AWR’s 
Visual System Simulator (VSS) 
v2009 software, incorporating 
R&S® WinIQSIM2™ simulation 
software, along side R&S LTE, 
specific test and measurement 
instruments for designing com-
munication systems in support of 
the LTE standard. Download the 
guide at www.awrcorp.com/vss.  

AWR Corp.,  

Product Portfolio
ET Industries is a WiMAX manu-
facturer offering total, end-to-end 
WiMAX solutions, in particular, 
solutions for frequency re-use, 
multi-beam antenna systems, sec-
tor contouring antenna systems, 
and solutions for capacity increas-
es of up to 48 times per sector. ET 
Industries equipment is WiMAX 
Forum Certified. ET’s manufac-
turing facility is ISO 9001:2000 
certified.

Agilent Technologies Inc., 
Santa Clara, CA (800) 829-4444, www.agilent.com/find/ltetest.

RS No. 250

El Segundo, CA (310) 726-3000, www.awrcorp.com, www.awr.tv.
RS No. 251

ET Industries, Boonton, NJ (973) 394-1719, www.etiworld.com.
RS No. 253

Understanding Cable 
and Antenna Analysis

Visit Anritsu’s New Masters of the 
Wireless web site and download its 
free White Paper, Understanding 
Cable and Antenna Analysis. Field 
technicians today rely on portable 
cable and antenna analyzers to 
analyze, troubleshoot, character-
ize and maintain the system. The 
purpose of this white paper is to 
cover the fundamentals of the key 
measurements of cable and an-
tenna analysis, return loss, cable 
loss and distance-to-fault (DTF). 
Learn more now.

Filter Catalog
This new short form catalog fea-
tures a sampling of the company’s 
RF and microwave filter products 
to 40 GHz utilized in military, 
commercial and wireless applica-
tions. The catalog also highlights 
some of the company’s diverse 
filter design and manufacturing 
capabilities.

Product Catalog

JFW Industries Inc. is a world 
leader in designing and manu-
facturing passive RF components 
and application specific Test Sys-
tems. These components include 
attenuators, RF switches, power 
dividers and test systems. For over 
30 years, JFW has strived to sup-
ply innovative designs and provide 
complete customer satisfaction to 
each and every customer.

Anritsu Co., 
Richardson, TX (972) 644-1777,  
www.anritsu-newmasters.com/824a.

Eastern Wireless TeleComm Inc.,  
Salisbury, MD (410) 749-3800, www.ewtfilters.com.
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JFW Industries Inc.,  
Indianapolis, IN (317) 887-1340, www.jfwindustries.com.
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Ferrite Product Catalog

The new ferrite product catalog 
features a Thincore waveguide 
isolator for point-to-point com-
munication and a SMT circulator 
for wireless applications. The cata-
log also highlights some of JQL’s 
diverse isolator/circulator design 
and manufacturing capabilities.

DSAs for 4G Wireless 
Infrastructure
Industry leaders have chosen Per-
egrine’s UltraCMOS™ Digital 
Step Attenuators as best-in-class 
for Rx, Tx and Digital Pre-distor-
tion (DPD) level control in next-
generation 4G applications. With 
exceptional input IP3 > +61 dBm 
(3 GHz) and a highly flexible atten-
uation range in a variety of steps, 
Peregrine DSAs deliver world-
class attenuation accuracy over 
frequency and temperature while 
exhibiting very low insertion loss 
and power consumption. Ultra-fast 
switching time (26 ns) with no gate 

lag or phase drift ensures they settle fast. Download the datasheets now.

Product Selection Guide

The RFMD® Multi-Market Prod-
uct Selection Guide and Aero-
space and Defense Product Selec-
tion Guide offer broad portfolios 
of RF components organized in 
easy-to-scan formats. You will find 
a listing of products with complete 
specs or customization informa-
tion for components designed to 

fit a wide variety of applications. Download a copy at www.rfmd.com/
productguides.

JQL Electronics Inc.,  
Deerfield, IL (888) 236-9828, www.jqlelectronics.com.
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Peregrine Semiconductor Corp.,  
San Diego, CA (858) 731-9400, www.psemi.com.
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RFMD,  
Greensboro, NC (336) 664-1233, www.rfmd.com.
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Synthesizer Catalog

Let the Mini-Circuits design team 
create a custom frequency synthe-
sizer tailored to your requirements. 
The Mini-Circuits’ team will review 
your requirements and, following 
technical discussions between your 
engineers and Mini-Circuits de-
signers, will work closely with you 
to create final specifications that 
meet or exceed your requirements. 
To ensure high yields, they will fac-
tor in component tolerances and 
even variations in manufacturing 
processes. You will have full access 
to performance data from sample 

units, and can even evaluate sample units in your system to ensure that final 
production units fulfill your performance requirements.

RF and Microwave 
Filters

This catalog features the compa-
ny’s full line of RF and microwave 
filter products. The catalog high-
lights high reliability filters, mul-
tiplexers and switched filter banks 
that cover DC to 50 GHz and are 
tailored to meet the military mar-
ket. To request a complimentary 
copy, e-mail: catalog@reactel.com.

Line Card
Richardson Electronics offers de-
sign engineers the most innovative 
products from the market leaders 
on its line card. A PDF version of 
the company’s new RF, Wireless 
and Industrial Power Conversion 
line card is now available at www.
rell.com, with over 80 suppliers 
listed alphabetically and grouped 
by product category.

Mini-Circuits,  
Brooklyn, NY (718) 934-4500, www.minicircuits.com.
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Reactel Inc.,  
Gaithersburg, MD (301) 519-3660, www.reactel.com.
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Richardson Electronics,  
LaFox, IL (630) 208-2200, www.rell.com.
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