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David Johns and Patrick DeRoy
CST of America, Framingham, MA

Simulating Crosstalk
and EMI in Cables
Cables not only transfer the power 

needed to run electrical equipment, 
but also the data signals needed to 

operate them. To prevent errors and device 
failures, the same attention must be paid to the 
choice and installation of the cabling as is paid 
to the rest of the system.

Dealing with data means considering signal 
integrity (SI). Since data signals are modulat-
ed electrical pulses, anything that introduces 
noise into the cable can corrupt the informa-
tion, causing equipment to lose performance, 
malfunction or simply fail altogether. Crosstalk 
and impedance mismatch are common sourc-
es of SI problems; cables generally consist of 
multiple wires travelling together. The fi elds 
generated in one wire can, without proper 
shielding, couple to others and induce currents 
in them, while signals can be refl ected at the 
interfaces between cables if the impedances do 
not match. Analyzing these issues uses RF and 
microwave techniques and expertise.

It is not just interference from other data 
signals that one needs to worry about, however. 
Electromagnetic interference (EMI) can come 
from a range of sources within the system 
and the wider environment. Switched-mode 
power supplies generate noise, while lightning 
strikes and electrostatic discharge (ESD) in-
troduce transients that often cause damaging 
current surges in devices. Even the interaction 
between the equipment and its casing can be 
enough to interfere with data signals. As well as 
being immune to external radiation, the cables 
themselves should not radiate either. Electro-
magnetic compatibility (EMC) is a legal re-
quirement and this means that they must pose 
little interference risk to other devices.

Every advance in technology pushes cable 
design requirements further. High-speed de-
vices demand cables capable of handling ever-
higher bit-rates. Automotive and aeronauti-
cal systems, increasingly reliant on electronic 
control and communications systems, need 
cables that are lightweight yet also measure 
up to stringent safety regulations. Consumer 
electronics meanwhile are pushing toward  

standardized multipurpose cables, where one 
lead might be used for anything from charg-
ing a mobile phone to controlling a printer or 
transferring data to a hard drive.

In light of these developments, designers 
have turned to cable harnesses, where multiple 
cables – sometimes a hundred or more – are 
tied together and travel along the same conduit 
as well as hybrid cables, which contain both sig-
nal and power wires together. The most famil-
iar example of a hybrid cable is probably USB, 
but custom cables of many confi gurations are 
used in industrial applications. For such com-
plex cable designs, traditional design rules to 
calculate the cable’s properties become un-
wieldy. Simulation offers a way to develop and 
check an arbitrary cable design and optimize 
its layout and shielding for better performance.

OVERVIEW OF CABLE SIMULATION
Applying full 3D EM simulation methods to 

simulate detailed cabling within a large struc-
ture such as an automobile is impractical, as 
shown in Figure 1. Each individual wire might 
be less than a millimeter in diameter, yet tens 
of meters long, bending as it carries high fre-
quency signals through an electromagnetically 
complex environment. A conventional simula-
tion of such a system would need an incred-
ibly fi ne resolution to capture the fi elds in the 
cable, extended over a very large volume, re-
sulting in slow, computationally-intensive cal-
culations. The arbitrary cross sections of cables 
and changes in the surrounding environment 
along its path make analytic solutions similarly 
hard to fi nd.

Specialized cable simulators can model 
complex cables and cable harnesses far more 
effi ciently. The cable can be divided into seg-
ments, each having a constant cross-section. 
A 2D electromagnetic fi eld solver can then 
be applied to extract the electrical properties 
for each segment. The properties of the entire 
cable may be found by cascading the electrical 
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the connector differs from the cable 
in some way – for example, if a twisted 
wire terminates in a straight pin, or if 
the connector is shielded in a differ-
ent manner to the cable. The connec-
tors are critical in impedance match-
ing, since they provide the transition 
between the cable and the load. Often 
one wants to know which cable di-
mensions will give suitable cable char-
acteristics to minimize refl ection and 
improve data transmission. To do this, 
an optimizer is used. The optimizer 
simulates multiple possible values for 
model parameters – for instance, the 
thickness of an insulator or the posi-
tion of a wire – using sophisticated 
algorithms to reduce the amount of 
guesswork involved in fi nding the best 
confi guration.

CALCULATING LOSSES
Losses in the cable cause signals to 

be attenuated, with the degree of at-
tenuation depending on the frequen-
cy. High frequencies typically suffer 
from greater loss, which has the effect 
of rounding the sharp edges of data 
pulses, limiting the data transmission 
rate.

The AC resistance (skin effect) of 
the wires is one obvious contribution 
to losses. Another is the loss tangent 
of the dielectric insulation materials. 
Signals may also leak through non-

but could be meters 
long.

LINE IMPEDANCE 
SIMULATION

One important 
property of any data 
cable is its line im-
pedance. Ideally, 
the impedance of 
the data line should 
match the imped-
ance of the load. If 
there is a mismatch, 

signals at the interface between the 
two will be partially refl ected and in-
terfere with the signal, which can lead 
to SI problems in the connections be-
tween the line and components. Re-
fl ection is especially problematic for 
bidirectional cables, where the equip-
ment at both ends acts as both source 
and receiver.

Calculating the line impedance of 
a cable is an obvious application of 
simulation. Multiple approaches exist 
for impedance calculations: the static 
approach, a full-wave simulation and 
a specialized cable simulation. Each 
has its advantages and disadvantages, 
as shown in Table 1.

A full-wave simulation also permits 
one to model the connectors at the 
end of the cable. Impedance match-
ing and EMI analysis are very im-
portant when designing or choosing 
a connector. This is especially true if 

models into an equivalent network.  
The specialized cable solver may also 
co-simulate with a full 3D fi eld solver 
to simulate coupling to and radiation 
from the cable.

The cable shown in Figure 2 car-
ries fi ve wires – two power wires (red 
and white), two signal wires (gray 
twisted pair) and a ground (green). 
The signal wires are shielded from the 
power wires by foil and the whole ca-
ble is shielded by a copper braid. It is 
an example of a hybrid cable for which 
an SI and EMI analysis would be im-
portant. The signal wires are not only 
potentially at risk from external inter-
ference, they could also pick up noise 
from the power wires. The shields 
and the use of twisted pair wires are 
both meant to reduce noise in the 
signal; simulation allows the engineer 
to investigate their performance. The 
cable is only a few millimeters wide, 

 Fig. 1  The cabling system inside a car.

TABLE I
VARIOUS APPROACHES TO

CABLE SIMULATION

Electrostatic Simulation

Electro- and magneto-static simulations 
can be used to calculate the L and C 
contributions to the line impedance. This 
approach is fast but only accurate at DC.

Full-Wave Simulation

Full-wave 3D simulation lets the frequency 
dependent effects be taken into account as 
well, modeling the dispersion of signals as 
they propagate down the line. This approach 
is very accurate for broadband signaling, but 
slower than a specialized cable simulation.

Specialized Cable Simulation

The cable cross-section is analyzed using 
a 2D fi eld solver and transmission-line 
network analysis applied to simulate 
propagation. This approach is both accurate 
and effi cient.

 Fig. 2  A cross section of a hybrid cable carrying fi ve wires.
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the wires to reduce mutual inductive 
coupling. It also helps to maintain 
balance in the line, equalizing the ex-
posure of each conductor to external 
fi elds. Coupling is reduced as long as 
the twist length is small compared to 
the wavelength of the interference. 
The precise choice of twist length can 
make a big difference to how immune 
the cable is to crosstalk; for cables car-
rying several pairs of signal wires, such 
as the ubiquitous Cat-5, giving each 
set of wires a slightly different num-
ber of twists per meter can reduce the 
crosstalk between them signifi cantly.

With simulation, the cable de-
signer can examine the interference 
experienced by the wires and test 
how different wire confi gurations af-
fect the signal characteristics. Cable 
simulation lets one easily adjust the 
distance between twists (twist rate) in 
the computer model, and simulate the 
induced currents caused by switching 
noise in each case (see Figure 4). For 
this cable, making the twists shorter 
makes a big improvement to the dif-
ferential mode noise rejection char-
acteristics of the line. These simula-
tions are performed without a shield 
around the twisted pair to study the 
noise rejection due to twisting alone.

Wire twisting is most effective if 
the two wires are well-balanced. In 

of the rounding of 
the pulses caused by 
attenuation.

CROSSTALK 
SIMULATION

The potential 
for crosstalk arises 
whenever two or 
more wires are cou-
pled. In the exam-
ple, the power con-
ductors can couple 
with the signal lines. 
This sort of broad 
spectrum noise may 
be diffi cult to fi lter 
out of signals. In-
stead, the best op-
tion for reducing 
crosstalk is to shield 
the wires well and 
make sure the cou-

pling is minimized.
Since the data is carried by differ-

ential signaling, it is the difference be-
tween the two wires (the differential 
mode) that matters. If the cable system 
is perfectly balanced, the noise coupled 
to each conductor in the differential 
pair will be equal and the receiver will 
be able to reject the noise when the 
voltage signals are subtracted.

Simulating 
Twisted-Pair Wire

Twisted-pair ca-
bling, commonplace 
in communication 
systems for over 
a century, winds 
wires around each 
other in sets of two. 
This minimizes the 
loop area between 

perfect shields, introducing additional 
losses into the circuit. Full-wave and 
specialized cable simulation both al-
low designers to calculate the losses 
for a cable. Full-wave simulations of 
short cable sections can be cascaded, 
allowing losses over the whole length 
to be found without having to solve a 
full model of the structure.

Simulation can also calculate the 
scattering parameters (S-parameters), 
which describe the cable’s characteris-
tics concisely and show how the losses 
vary with respect to signal frequency. 
Standard measurements used in the 
lab such as the eye diagram, shown in 
Figure 3, can also be replicated with 
simulation. To produce an eye diagram, 
a series of random bits are fed into the 
cable, and the output at the other end 
captured and graphed. Layering the 
output signals gives a useful illustration 

 Fig. 3  Eye pattern of a 20 m long cable carrying a 10 Mb/s signal.
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current in the imbalanced system is 
ten times greater than in a perfectly 
balanced system, leaping from 0.2 to 2 
mA – a 20 dB increase in the intensity 
of the crosstalk (see Figure 6).

Shielding
For an extra layer of protection, 

which should guard against crosstalk 
and interference even if the cable ter-
minations are not balanced, the wires 
can be shielded. Different shield types 
exist for different applications: the 
main two are foil shields, consisting of 
a thin sheet of metal such as aluminum, 
and braided shields, which are made up 
of many thin wires woven into a tube. 
Shields can either go around the entire 
cable to keep out external interference, 
or they can be placed within the cable 
to reduce crosstalk.

However, shielding not only adds 
bulk and weight to the cable, it can also 
decrease its fl exibility and drive up the 
manufacturing costs. With many types 
of shielding available, each with dif-
ferent properties and suited toward 
different types of interference, it is 
not always easy to balance a cable’s 
noise characteristics against the de-
sign requirements.

The performance of a shield is 
measured by its transfer impedance, 
as derived by Schelkunoff.1 The trans-
fer impedance ZT is given by:

=Z
1
I

dV
dxT

0

where I0 is the current fl owing on one 
side of the shield and dV/dx is the 
voltage per unit length along the op-
posite side. The transfer impedance 
effectively provides a measure of to 
what extent the shield’s construction 
prevents fi elds passing through. The 
environment does not affect the trans-
fer impedance – it is solely an intrinsic 
characteristic of the shield itself. The 
lower the transfer impedance, the 
better the shielding.

In a foil shield, the skin effect im-
proves shielding performance at high 
frequencies as shown in Figure 7. 
Current diffuses through the shield 
at low frequencies, but is confi ned to 
the surface at high frequencies. This 

ing tolerances are taken into account. 
In this example, shown in Figure 5, 
a 10 percent imbalance is introduced 
in the shunt inductance (a drop of 10 
µH) and a 4 percent imbalance in the 
series capacitance (a 20 nF decrease).

This proves to have a huge impact 
on the coupling. The peak induced 

a real system, with varying loads and 
imperfectly manufactured compo-
nents, this will not always be the case. 
The cable model can be attached to a 
circuit made up of lumped elements 
to replicate the equipment at either 
end and one can see how well the 
cable performs when the manufactur-
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shielding arrangements. Because foil and braided shields 
work best at different frequencies, combining the two in 
the cable gives it a good broadband noise rejection profi le. 
The crosstalk analysis can now be repeated, but with shields 
in place – in this case, either a foil shield or a combined foil 
and braid shield around the signal wires – to see how this 
affects the noise characteristics of the cable.

The combined two-shield cable has far better cou-
pling rejection than the cable with just a foil shield. In 
fact, the common mode noise is so low on this cable that 
it is too small to see in Figure 9 – the peak current is 
less than 4 µA.

means that external fi elds cannot penetrate the shield 
at high frequencies, provided that the shield is perfectly 
closed and has no apertures. However, in a real shield, 
fi elds can also pass through the seam formed where the 
layers of foil overlap, and for a more accurate simulation, 
this seam can also be taken into account.

Braided shield, by contrast, behaves the opposite way. The 
transfer impedance of a braided shield, as described by Kley,2
depends on a number of effects. The skin effect still plays a 
role, but more signifi cant at high frequencies are the small 
apertures between the strands and the mutual inductive cou-
pling, as well as an inductive interaction, known as “porpois-
ing,” when strands cross each other. These drive up the trans-
fer impedance, so that a braided shield is most effective at low 
frequencies. Figure 8 shows the transfer impedance curve 
for a braided shield across the frequency spectrum.

Because mathematical models exist to describe the be-
havior of shields based on their properties, they are ideal 
candidates for designing and testing with cable simulation 
software. Arbitrary shields, whose properties are found 
experimentally, can also be used in simulations, simply by 
importing their transfer impedance profi le.

If there are multiple shields, their combined transfer 
impedance can be found analytically by taking into account 
the internal impedance of each shield and the inductance 
between them.3 Cable simulation software incorporat-
ing such calculations is capable of simulating multi-layer 

 Fig. 7  Creation tool box for a foil shield in CST CABLE STUDIOTM, 
showing the transfer impedance curve over a range of frequencies.
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 Fig. 8  The same dialog for a braided shield. The transfer imped-
ance rises dramatically at high frequencies.
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 Fig. 9  Common mode noise for different shield arrangements. The 
induced current when both shields are used is too small to see.
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 Fig. 10  A circuit for testing a cable linked to the load by a shielded connector.
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perimentally and using computer mod-
eling. These cables were terminated 
in TNC connectors, which contain a 
metal shell or shield, enabling an ideal 
360° connection between the cable 
and connector shield. To provide a fur-
ther comparison, an additional length 
of twisted pair wire was terminated in 
a non-shielded connector with a “pig-
tail” connection from the cable shield 
to the inside of the enclosure housing 
(see Figure 12).

The interference source was a wire 
loop radiating across a range of different 
frequencies. This loop can couple to the 
signal wires in the cable – the extent to 
which the cables reject this interference 
enables the shielding effectiveness to be 
assessed. The system would be diffi cult 
to solve accurately in full 3D due to the 
small details in geometry and the spe-
cialized cable simulator makes it pos-
sible to solve the problem in a fraction 
of the time (see Figure 13).

Figure 14 shows the results of the 
study, where increasingly negative 
coupling corresponds to higher shield-
ing effectiveness. The unshielded re-
sults serve as a reference. The spiral/
drain cable with a pigtail termination 
provides an additional 20 dB or so of 
shielding at low frequencies, but its 
effectiveness degrades at higher fre-
quencies. The same cable was simu-
lated with a TNC termination (dashed 
blue line) for comparison, and pro-
vides further improvement in shield-
ing, as expected. The STP, RG58 
and RG6 cables show good shielding 
effectiveness at all frequencies. Un-
like a 360° shield termination, which 
provides a low impedance connection 
from the shield to the ground, the pig-
tail connection adds inductance and 
the corresponding frequency-depen-
dent impedance. Furthermore, the 

aperture in the en-
closure is no longer 
closed and may leak 
e l e c t r o m a g n e t i c 
fi elds to the interior 
of the load box, cou-
pling noise to the ex-
posed signal wires.

The measure-
ments all agree 
closely with the sim-
ulation. With highly 
shielded cables, the 

The cable and the connector can also 
be combined together in one simula-
tion. Circuit co-simulation, combining 
results from multiple full-wave and ca-
ble simulations, connects components 
so they can be simulated as a system. 
Figure 10 shows a circuit for one such 
simulation: the power lines are driven 
by a periodic switching voltage and the 
load is modeled by lumped elements. 
The output from the cable – the blue 
box on the middle-left – is simply linked 
to the input of the connector from Fig-
ure 11 – the gray tube on the middle-
right. Because the S-parameters of the 
connector have already been calculated, 
the circuit solver can run very quickly; 
there is no need to rerun the entire 3D 
full-wave calculation.

EXPERIMENTAL VERIFICATION
As a demonstration of the effects of 

grounding and shielding on EMC, and 
to show the accuracy of cable simula-
tion, multiple cables – standard RG58 
coax with a braid, RG6 coax with a 
combined foil/braid shield, twisted 
pair with a foil and drain wire, shielded 
twisted pair (STP) with a braid, and the 
unshielded versions of the cables – had 
their EMI properties studied, both ex-

 Fig. 11  A shielded connector compatible 
with the hybrid cable showing the ports for 
simulation.

2(4, +)

2(5, +) 2(3, +)

2(2, +)

2(1, +)

 Fig. 12  The experimental setup showing the pigtail connector 
(left) and the signal cable (right).
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complete picture of how a cable be-
haves in a complex system. Combin-
ing them into a hybrid co-simulation 
task means that the advantages of 
both – the fast, accurate cable models 
and the versatility of full-wave – can 
be brought to the fore.

Two types of cable co-simulation 
exist: unidirectional and bidirectional. 
In unidirectional simulation, the cable 
is assumed to be either a transmitter 
or a receiver, while in bidirectional 
simulation, it is both. Bidirectional 
simulation is therefore most useful for 
examining how the coupling between 
a cable and its surroundings affects 
signals on the cable itself.

Figure 15 shows a typical appli-
cation of bidirectional co-simulation. 
The helicopter contains a number of 
cables, carrying both power and sig-
nals, following complex curved routes. 
The cables may directly couple if rout-
ed too closely together, and radiated 

coupling is very small and the induced 
signals may be below the noise fl oor 
of the experimental equipment.  This 
explains some differences for coupling 
levels below –90 dB. Although it only 
used a very simple representation of 
the system, cable simulation was able 
to model the results very accurately 
– the simulation even identifi ed a sig-
nifi cant resonance at approximately 
65 MHz that was subsequently seen 
in the experiment.

TRANSIENT CO-SIMULATION
Calculating the properties of a 

cable gives a good idea of its intrinsic 
characteristics, but in the real world, 
cables are rarely if ever completely 
isolated from the environment. Near-
by structures, external fi elds and the 
route of the cable can all have an ef-
fect on signals within the cable. The 
transient nature of many interference 
effects, however, means that a full-
wave simulation is 
necessary to model 
the precise behavior 
of many potential 
sources of interfer-
ence, such as ESD 
and electromagnet-
ic pulses (EMP).

Simulation is 
therefore a useful 
tool for full system 
design, but neither 
specialized cable 
simulation nor full 
3D simulation alone 
is ideal for giving a 

 Fig. 13  Model of the same system in CST CABLE STUDIO™ 
showing the wire cross section for each segment.

 Fig. 14  Coupling between the shield and the transmitter for different types of cables, simu-
lated (solid lines) and measured (dotted lines).
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rated into the cable design workfl ow 
to speed up the process and give the 
designer an idea of how the cable will 
behave once connected to the system. 
These calculations can give not only 
the electrical properties of the cable 
itself, but also permit to observe how 
fi elds propagate along the cable and 
interact with the environment. Prop-
erly set-up, cable simulations can rep-
licate real-world situations very accu-
rately, with the results of simulations 
agreeing very closely with measure-
ments in the laboratory or fi eld. ■
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to the inside through imperfectly con-
ducting panels and seams inducing 
current in the cabling.

CONCLUSION
Simulating cables requires care-

ful consideration. Specialized cable 
simulation software can be incorpo-

fi elds may excite resonances inside the 
vehicle, which can lead to increased 
coupling. Transient co-simulation al-
lows a number of different scenarios 
to be modeled. One example would 
be the potential susceptibility due to 
an electromagnetic pulse (EMP). A 
pulse striking the aircraft may couple  Fig. 15  A simple wiring system inside 

a helicopter, showing cables for the control 
system, antenna (center) and rotor (right).
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Making the Connection
at EDI CON 2013

The Connectivity Workshop and Ex-
pert Panel, to be held as a special 
event within the Electronic Design 

Innovation Conference (EDI CON 2013) in 
Beijing this month, will give Chinese RF/mi-
crowave engineers an opportunity to learn 
about various cable, connector and cable as-
sembly technologies in the context of overall 
high frequency electronic component design 
and system integration. The combined work-
shop and panel session will feature individual 
presentations from some of the world’s leading 
cable/connector vendors followed by a group 
panel discussion on the capabilities of today’s 
RF, microwave and high-speed interconnects 
and the challenges of the systems they support.

Speakers from Mitron, Insulated Wire 
(IW), Times Microwave, Maury Microwave 
and Southwest Microwave will present various 
connector technologies and their correspond-
ing electrical and mechanical characteristics. 
These talks will concentrate on connector 
performance, examine how cable/connector 
attributes align to high-frequency application 
requirements and guide engineers who require 
help in selecting the appropriate interconnect 
solutions for the systems and instrumentation 
equipment they are developing.

SOME OF THE CHALLENGES
Cables are often the last detail considered 

during system designs and yet as a ubiquitous 
component in the signal path of any commu-
nication system, their performance is critical 
to the overall health and performance of the 
system. The ideal cable system must consider 
factors such as weight, durability, performance 
and cost. To avoid being the source of a failure, 
interconnect systems must be engineered to last 
the life of the product in any environment. To-
day’s cable systems are increasingly being used 
in hostile environments, exposed to extreme 

temperatures, chemicals, abrasion and extensive 
fl exing. Meanwhile, today’s high-frequency ap-
plications call for smaller, lighter packaging, that 
last longer and cost less, especially in satellite 
communications and navigation systems.

To help workshop attendees better under-
stand how to select the best connector/cable 
for their application, workshop presenters will 
discuss the constraints that affect performance, 
including electrical, mechanical, environmen-
tal, and application-specifi c factors. Presenters 
will share information regarding the materials 
and construction used in their cable/connec-
tor products, emphasizing the engineering and 
manufacturing technology behind achieving 
specifi c performance requirements. Attendees 
will learn how manufacturers use testing and 
data analysis to qualify their existing products 
and enhance future ones.

PERFORMANCE CRITERIA
Electrical performance is often the lead-

ing consideration in cable/connector selec-
tion. The workshop presenters will discuss 
the various ways in which cables may impact 
signal integrity and thus the overall system 
performance including impedance mismatch 
(VSWR), which lead to refl ections of micro-
wave energy between modules and devices 
(reducing signal strength and power added 
effi ciency), insertion loss, which ultimately de-
termines the maximum length of a signal cable, 
electromagnetic interference (EMI) and cross-
talk, which results from unwanted coupling of 
signals between two transmission circuits.

While the electrical performance may be 
reliable under ideal conditions, environmental 
factors such as temperature can play a signifi -
cant role in impacting how connectors behave 

_3M39S FINAL.indd   20 2/21/13   3:11 PM



Cables & Connectors Supplement

CABLES & CONNECTORS SUPPLEMENT ■ MARCH 2013 21

Cables & Connectors Supplement

for the user. Maury Microwave, a 
leading test solutions provider that 
also develops interconnect products, 
will be discussing an innovation that 
does both. The company’s new China 
country manager, Nian-min Zhang, 
will present the new ColorConnect
precision adapters, which are de-
signed for lab and fi eld use address-
ing the need for quality, performance, 
ease-of-identifi cation and ease-of-use. 
New manufacturing techniques have 
resulted in improved VSWR speci-
fi cations bridging the gap between 
calibration-grade metrology adapters 
and daily-use lab adapters. Following 
the proposed IEEE high-frequency 
connector/adapter color convention, 
the components are the fi rst commer-
cially available products to offer clear 
indications of compatibility and inter-
matability. Zhang will discuss how the 
product makes it a simple matter to 
avoid and eliminate damaged equip-
ment, degraded equipment reliability, 
degraded performance and lengthy 
maintenance times due to improper 
mating (and attempted mating) of in-
compatible adapters.

Addressing Various Applications
Technology trends in circuit minia-

turization, wide bandwidths, increased 
circuit density and functionality, lin-
earity and passive intermodulation 
requirements are forcing evolution in 
connector technology. The physical 
and electrical attributes of connectors 
are constantly improving, supported 
by advanced design/analysis capabili-
ties (3D EM simulation such as CST 
or HFSS) and precision machining.

Cable assemblies and connectors 
have become specialized for test ap-
plications, aircraft, spacefl ight, de-
fense and commercial communication 
applications. Clarifying the specifi c 
requirements of these different ap-
plications and aligning them to a par-
ticular interconnect technology will 
be a common theme of this special 
EDI CON workshop/panel. The 
workshop will allow presenters to ed-
ucate attendees with regard to some 
of these advances and the panel ses-
sion will allow attendees to ask the ex-
perts about their own particular needs 
and challenges. 

Best Performance Out of Your Cable 
Assembly.” By taking a few basic pre-
ventative measures during cable han-
dling, installers and system assembly 
technicians can signifi cantly extend the 
life of their assembly and avoid system 
failures. The expert from IW will pro-
vide tips on how to prevent some com-
mon problems such as internal damage 
caused by compression and how to 
prevent the cable from bending below 
its minimum bend radius which would 
cause the cable to kink and also results 
in internal damage. To maximize con-
nector performance and lifetime, the 
presenter will discuss proper torque 
down procedures, connector orienta-
tion and how to avoid assembly twist-
ing, proper cable tie down methods, 
providing adequate drip loops, weather 
proofi ng and working with short cable 
assemblies.

Connector Types
In addition to integrating modules 

and subsystems, connectors are also 
used to launch signals from coax to 
planar substrates where the surface 
mount ICs and discrete devices that 
provide radio functionality reside. 
With pressure to reduce circuit size 
and increase functionality, engineers 
are working with thinner PCB ma-
terials often at higher frequencies. 
Design and test engineers need to 
be aware of the quality of their elec-
trical interface between planar sub-
strate (microstrip, stripline, etc.) and 
the connector launch. Poor choice in 
connector size and shape can lead to 
undesirable parasitics and unaccept-
able VSWR, resulting in non-optimal 
performance, power loss and inaccu-
rate device characterization (when be-
ing used as part of a test fi xture). For 
example, substrates that are thinner 
than 8 mil have line widths that are 
too small to optimize the launch with 
a taper for even the smallest connec-
tor pin. For substrates that are thicker 
than 30 mil, line structures can be 
created that achieve a good match and 
bandwidth to 50 GHz, but the loss of 
these lines starts to increase signifi -
cantly at higher frequencies.

In addition to developing better 
performing products, innovation can 
also target usability and convenience 

in the real-world. For instance, the 
electrical properties of the material 
used to support the inner connector 
of a coaxial cable is subject to change 
with temperature and mechanical 
stress. Presenters will discuss this 
phenomenon, known as the “Tefl on-
knee,” and its impact on phase stabil-
ity over temperature. The workshop 
will also consider the impact of me-
chanical stress when cable systems op-
erating at high speeds in tight spaces 
are exposed to movement, such as in 
handheld devices or automation and 
aerospace applications. Random, roll-
ing and torsion type motion can cause 
severe damage if not properly man-
aged. Presenters will discuss some 
of the real-world problems that can 
degrade performance, how to avoid 
such mishaps through installment 
best practices and/or better cable se-
lection.

Environmental stress will have a 
different impact on performance de-
pending on where cables are used and 
exposed. Extreme temperatures affect 
cable materials, with low temperatures 
making them brittle while high tem-
peratures will cause them to become 
very soft. Like extreme temperatures, 
extreme pressures can also have a sig-
nifi cant impact on cables. Cables op-
erating in a vacuum may leach oils and 
additives, which could lead to con-
tamination of a work surface such as a 
clean manufacturing process for semi-
conductor chips. Conversely, hydro-
static pressure causes gas or liquids to 
permeate insulation or cable jackets 
and can destroy some cable materials. 
Workshop presenters will look at how 
these environmental factors and oth-
ers can signifi cantly shorten the life of 
a cable, and how to factor such consid-
erations into designing a cable system 
with the proper technology.

HANDLING TIPS
RF cable assemblies are designed 

to operate at the highest electrical 
performance level. High performance 
cables require special handling pro-
cedures to ensure optimum electri-
cal performance. Many of these han-
dling procedures will be discussed by 
a speaker from Insulated Wire (IW) 
in the presentation “How to Get the 
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PIM Test Power
Levels For Mobile 
Communication Systems
In 1999, the International Electro-techni-

cal Commission (IEC) released Standard 
62037 providing the wireless industry a 

consistent test method for measuring Passive 
Intermodulation (PIM) in RF components and 
systems. Over the next 12 years, wireless tech-
nology evolved from 2G systems serving pri-
marily voice traffi c to 4G systems serving high-
speed data users. These 4G systems require 
new network architectures with broadband 
modulation schemes to achieve the required in-
crease in network capacity. This article reviews 
the applicability of IEC 62037 for qualifying 
components, subsystems and systems used in 
today’s commercial telecommunications infra-
structure and specifi cally addresses whether or 
not there is technical merit in increasing PIM 
test power levels from 20 to 40 W.

WHY DO WE MEASURE PIM?
PIM occurs when two or more high power 

RF signals encounter nonlinear electrical junc-
tions or materials in an RF path. These nonlin-
ear junctions behave like a mixer causing new 
signals to be generated at mathematical combi-
nations of the original RF inputs. If these sig-
nals fall in a network operator’s receive band, 
the noise fl oor rises causing reduced data rates 
and decreased service quality.

PIM is often caused by inconsistent metal-
to-metal contacts in high current density re-
gions such as inside transmission lines, inside 
RF components, or outside the system but in 
the main beam of an antenna. Common sourc-
es of PIM are:
• Contaminated or oxidized RF surfaces
• Inadequately torqued RF connectors 
•  Loose screws or rivets inside RF compo-

nents caused by transportation shock and 
vibration 

•  Metal fl akes or shavings inside RF connections
•  Poorly prepared RF terminations due to im-

proper tooling, or incorrect assembly procedures
•  Metal fl ashing or rusty vent pipes in front of 

antennas on roof-top sites

PIM testing identifi es the presence of these 
defects using RF transmission as the stimulus 
and highly sensitive receivers to detect and 
measure the response. PIM testing is the ul-
timate measure of construction quality of RF 
components, subsystems and systems. It will 
identify mechanical, as well as material defects 
in workmanship that may go undetected by 
more conventional techniques such as visual 
inspection or S-parameter measurement.

LACK OF STANDARDS
In the early days of commercial telecom, 

it was understood, based upon experiences of 
other communications systems and most par-
ticularly satellite communications, that PIM 
could produce interference conditions that 
were performance impacting. Recognizing 
this, mobile operators and OEMs impressed 
upon their component suppliers (manufac-
turers of antennas, cables, connectors, fi lters, 
lightning protectors, etc.) the need to provide 
“Low PIM” solutions. However, there was very 
little guidance of what “Low PIM” meant.

Left to their own devices, component man-
ufacturers around the world began specifying 
the PIM performance of their products using 
varying and inconsistent parameters. Some 
manufactures only conducted PIM tests in 
their engineering laboratories claiming that 
their products were “Low PIM” by design. 
Others conducted PIM tests on each unit pro-
duced to verify not only the design but also as-
sembly workmanship. Some certifi ed higher 
order PIM products such as IM5 or IM7 de-
pending on the end-user’s band of operation. 
Finally, some manufacturers specifi ed peak 
PIM while applying mechanical stimulus (dy-
namic testing) while others measured the best 
case PIM achieved with the DUT at rest (static 
testing).
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CAPEX to keep up with a continu-
ously changing specifi cation.

These are exactly the same issues 
that the IEC working group faced 
back in 1999. Their challenge was to 
develop a test that was “fi t for pur-
pose” and not constantly changing 
based on individual manufacturer’s 
claims. The IEC team analyzed this 
problem over several years and pro-
duced the test specifi cation that the 
industry has relied on ever since.

To address the claim that higher 
test power will unveil PIM problems 
that cannot be seen using the industry 
standard 20 W test, one must under-
stand how PIM behaves with increas-
ing test power as well as consider the 
test as a whole rather than by its in-
dividual components. The magnitude 
of PIM produced by a given defect 
is dependent on the physical charac-
teristics of that defect. Looking at the 
data in Figure 1, one can conclude 
that the Spinner PIM standard (pro-
duced using a diode in its construc-
tion) creates the highest level of PIM 
and that the corrugated jumper cable 
(constructed with solid copper con-
ductors with soldered connections) 
produces the lowest level of PIM at 
any given test power. Some obser-
vations from Figure 1 are the more 
severe the defect, the higher the PIM 
for a given test power, the PIM level 
increases linearly on a dB scale with 
increasing test power and the rate of 
PIM level increase versus test power 
is different for each PIM source. One 
will also notice that as the test power 
changes over the range of 2 to 40 W, 
the magnitude of the PIM produced 

TESTING AT HIGHER CARRIER 
POWERS

Some PIM test equipment manu-
facturers have claimed that PIM test-
ing should be conducted at 40 W rath-
er than the IEC recommended 20 W 
level in order to “spot problems that 
cannot be seen on a 20 W PIM tester.” 
Further claims are made that 40 W is 
the correct power level to use since it 
is more representative of “real world” 
BTS operating conditions.

To determine whether or not there 
is validity to these arguments, fi rst 
consider the claim that PIM testing 
should represent “real world” BTS 
conditions. As seen in Table 1, PIM 
test parameters have very little to 
do with the particular air interface, 
number of carriers, or power level 
deployed at a site. Rather, the test 
parameters were selected to defi ne 
an accurate method to measure the 
degree of nonlinearity present in an 
RF path. Presented further in this 
document, 20 W is more than enough 
power to accurately measure nonlin-
earity in RF components as well as in 
completed feed systems.

If the goal was to simulate the actu-
al BTS environment, the required test 
equipment would need to transmit 
hundreds of watts to capture the full 
range of base station transmit levels. 
Test equipment would need to trans-
mit multiple carriers rather than just 
two and would need to transmit GSM, 
wideband CDMA or LTE waveforms 
rather than CW test tones. The re-
sulting test equipment would be sig-
nifi cantly larger, heavier and more 
expensive and would pose safety risks 
to technicians per-
forming the test. In 
addition, this equip-
ment would need to 
be replaced every 
few years to keep 
up with the ever 
changing wireless 
industry (2G, 3G, 
4G, etc.). This is not 
a practical solution 
for RF equipment 
manufacturers, or 
network operators 
forced to continual-
ly invest additional 

This arbitrary and haphazard ap-
proach made it impossible to com-
pare products and performance. To 
establish consistency, IEC Technical 
Committee 46, Working Group 6 was 
formed to create an industry standard 
for Passive Intermodulation testing. 
The PIM Working Group was com-
prised of OEMs, component manu-
facturers, universities and national 
standards organizations.

DEVELOPING THE RECOMMENDED 
TEST STANDARD

There were many energized de-
bates among the working group con-
stituents that ranged from academic, 
to practical, to sometimes political. 
There were arguments about how 
many carriers should be used, how 
much power was needed, what IM 
products to measure, how to defi ne 
repeatable and meaningful dynamic 
tests, and whether PIM testing was 
even necessary since only high order 
IM products could land in the opera-
tor’s own receive band.

After considerable analysis, experi-
ments and discussion, IEC Standard 
62037 was fi nalized and released in 
the fall of 1999. The specifi cation de-
fi ned technical requirements for PIM 
testing apparatus as well as provided 
key recommendations to enable con-
sistency in PIM performance com-
parisons. Two key recommendations 
from the original specifi cation were:
•  PIM comparisons should be con-

ducted at the same power level: 
2 × 20 W recommended for mobile 
communications applications

•  Third order IM products typically 
represent the worst case condi-
tion of unwanted signals; therefore 
measuring IM3 characterizes the 
DUT
An update to IEC-62037 was pub-

lished in May 2012 with more specifi c 
instructions for testing of antennas, 
connectors, cables, cable assemblies 
and fi lters. This new revision contains 
the same fundamental recommen-
dations as the original specifi cation: 
measure IM3 using 2 � 20 W test 
tones and adds clarity regarding a 
third key requirement for PIM tests:
•  Devices should be subjected to im-

pact or movement while PIM testing

TABLE I
COMPARISON OF PIM MEASUREMENTS AND ACTUAL

BASE STATION OPERATING PARAMETERS

PIM 
Measurement

Typical BTS

Carrier Modulation CW Various: GSM, UMTS, 
CDMA, LTE

Number of Carriers 2 1, 2, 3, 4 or more

Bandwidth per Carrier 5 kHz > 5 MHz for LTE

Carrier Power 20 W 20, 40, 60, 80 W and  
higher

IM Product of Concern IM3 IM5, IM7, IM9 and 
higher
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sure is on the order of –150 dBc (–107 
dBm) for factory tests and –140 dBc 
–97 dBm) for fi eld tests, the typical 
signal-to-noise ratio achieved is be-
tween 23 and 33 dB. This means the 
PIM signal level is already 20 to 200 
times stronger than the 10 dB mini-
mum signal to noise ratio required for 
an accurate measurement. Increasing 
the test power does not create a useful 
benefi t in measurement accuracy and 
may increase the personal safety risk 
to test personnel.

The data presented in this paper 
shows that IM3 increases linearly on 
a dB scale with increasing test power. 
This is true for the vast majority of de-
fects found in RF components and in 
typical cell site installations. Similar re-
sults have been demonstrated across a 
wide range of test powers and test fre-
quencies by other investigators.1,2

THE IMPORTANCE OF DYNAMIC 
TESTING

It is important to emphasize that all 
elements of a PIM test are important 
and must be used together to ensure 
the quality of the system under test. 
Accurately controlling the test power 
alone does not ensure a trouble free 
system, regardless of the test power 
level used.

To demonstrate the importance 
of dynamic testing, metal fl akes (see 
Figure 2) were inserted inside an 
RF connection and the system was 

by each defect also changes. In theory, 
IM3 is expected to change 3 dB for 
every 1 dB change in test power and 
is expected to be linear over a wide 
range of test powers. In practice, this 
rate of change is typically lower and 
varies based on the physical character-
istics of the defect causing the PIM. 
In the example, the “PIM slope” var-
ies between 1.4 and 2.9 dB/dB for the 
components tested and, as expected, 
remains very consistent over the full 
range of powers tested.

This means that if we know the 
magnitude of PIM produced by a 
defect at one test power level and 
we know the PIM slope, we can ac-
curately estimate the magnitude of 
the PIM that will be generated at a 
different test power. Using this knowl-
edge, we can see that nothing new or 
unexpected is revealed by increasing 
the test power. The PIM magnitude is 
higher at 40 W than it is at 20 W, but 
it is higher by a predictable amount.

In order for the claim to be true that 
40 W PIM testing will “spot problems 
that cannot be seen on a 20 W PIM 
tester,” either the test instrument does 
not have suffi cient receiver sensitivity 
to yield a 10 dB signal to noise ratio 
for the PIM signal being measured or 
the PIM level increases in a nonlinear 
fashion (on a dB scale) as the test pow-
er level increases. High quality PIM 
test instruments manufactured today 
typically achieve a receiver noise fl oor 
level on the order of –130 dBm. Since 
the IM3 level that is required to mea-
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 Fig. 1  IM3 change vs. test power.
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 Fig. 2  Metal fl akes used to demonstrate 
the need for dynamic testing.

 Fig. 3  Results of dynamic testing show-
ing jump in PIM level.
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Dynamic testing identifi es loose 
metal-to-metal connections as well 
as contact surface defects that might 
cause arcing at higher power levels. 
Without dynamic testing, these defects 
could go unnoticed until activated by 
wind loading, tower vibration or stress-
es caused by temperature changes. 

tested using the required 20 W power 
level. Without mechanical movement 
(static testing) the PIM performance 
appeared to be very good. When the 
connection was lightly tapped (dy-
namic testing) the PIM level jumped 
more than 50 dB clearly indicating 
that a problem exists (see Figure 3).

Claims have been made by test 
equipment manufacturers that us-
ing 40 W of power rather than 20 W 
eliminates the need for dynamic test-
ing. There is no single test power that 
by itself will suffi ciently stress a system 
to identify defects. Applying mechani-
cal stress while the PIM test is in pro-
cess is the only way to ensure that the 
system is robust. If simply increasing 
the test power would have eliminated 
the need for dynamic testing, the IEC 
working group would not have spent 
the last 10 years fi ne tuning dynamic 
PIM test requirements for RF compo-
nents such as jumper cable assemblies, 
RF connectors, fi lters and antennas. 
Details of this work can be found in 
the newly released versions of the IEC 
62037 PIM test specifi cation.

CONCLUSION
The existing PIM test standard 

was developed through a lengthy pro-
cess of analysis, measurement and 
debate by a respected group of engi-
neers, scientists and managers from 
the commercial telecommunications 
market: OEMs, component manu-
facturers and standards organizations. 
The test standard produced has been 
used globally for more than a decade. 
Component manufacturers, OEMs 
and network operators have built their 
quality procedures and performance 
requirements around measuring IM3 
with 2 � 20 W test tones while apply-
ing dynamic stimulus. As shown by the 
example of the metal fl akes inside a 
connector, dynamic stimulus is a criti-
cal component of the PIM testing pro-
cess for identifying faults that are not 
visible under static conditions. There is 
no technical justifi cation for changing 
the power level used for PIM tests to 
40 W or any other power level (higher 
or lower). Nothing has changed since 
the specifi cation was fi rst released in 
1999 to invalidate the IEC’s original, 
well considered recommendations. ■
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We’re how the microwave industry gets connected!

Insulated WIre, Inc.

TUF-FLEX offers an internal layer of silver plated copperweld 
protection that is crush resistant & offers exceptional resistance to 
kinking in lieu of external armor. 

tuF-FleX cable Performance vs. crush Force  

Force Max Max loss 
 (ins) VsWr 
(dB)

0 1.20 1.3 
45 1.20 1.3 
90 1.20 1.3  
160 1.20 1.3
200 1.22 1.3  
225 1.28 1.3

 

Results of crush and bend tests on IW’s TUF-FLEX cable assemblies, 
using 2 ft long samples of our 1803 cable. Results show max VSWR 
and insertion loss over a frequency range of .04 to 18 GHz.

For crush force testing, the cable was paced between two 1 inch 
diameter plates with force applied to the top plate. The same cable 
was then tested using successively smaller bend radii to a minimum 
bend radius of 1.5”.

Call us today with your project specs and we’ll show you the most 
reliable way to get connected in the industry.

tuf-Flex™ cables
When the going gets tough, 
the tough get connected!

a
center conductor
Silver plated OFHC
copper per ASTM 
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c
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Silver plated
OFHC copper foil

e
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silver plated

copperweld per 
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B
dielectric

Multi-ply PTFE 
laminate per ASTM 

D-1457

d
Braid

Silver plated
copper braid

F
Jacket

FEP per ASTM 
D-2116
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Steve Dudkiewicz
Maury Microwave, Ontario, CA

Connect with Confi dence: 
Color-Coded Interconnects

We all know of engineers and techni-
cians who have at times been un-
sure whether two adapters mated, 

whether cable assemblies could be connected 
and what torque wrench to use. With this un-
certainty comes an underlying fear of damag-
ing equipment, reducing measurement accu-
racy and wasting precious time. If only these 
interconnects, which are so similar, could be 
easily labeled and identifi ed.

John Bies of Redstone Arsenal certainly did; 
he lobbied for the establishment of a “standard-
ized method to rapidly identify high frequency 
coaxial connectors.” His report included a 
short list of possible results from misidentifying 
connectors and attempting to mate two incom-
patible connectors, including damaged equip-
ment, degraded equipment reliability, degrad-
ed performance, degraded mission readiness, 
increased maintenance time, increased main-
tenance actions and lost effi ciency. Addition-
ally, even if two connectors could mate, their 
operational frequencies might differ, as is the 
case with mechanically compatible 3.5mm and 
2.92mm connectors where the highest com-
mon operational frequency may only be 26.5 
GHz.

Bies went on to state that the benefi ts of 
color-coding high frequency coaxial connec-
tors would include the elimination of damage 
to equipment, a greater confi dence in connec-

tor identifi cation and use, a fi nancial saving 
in training time and costs (he estimated $5.8 
million and 5000 man-hours per year in the 
U.S. military/government agencies alone), an 
increase in effi ciency, reliability and readiness, 
and an improvement in personnel safety.

An Institute of Electrical and Electronics 
Engineers (IEEE) Coaxial Connector Rapid 
ID Working Group was established in June 
2008 and a proposed color code scheme was 
developed in August 2008. The IEEE project 
authorization request P1802 was submitted 
for review in January 2009 and approved in 
May 2009. The working group is now referred 
to as IEEE P287 with mandate to review the 
287-2007 standards for coaxial connectors.  
With no other reason than selecting a famil-
iar color scheme known to engineers across 
the globe, the standard resistor color-code 
BBROYGBVGW was proposed for high fre-
quency coaxial connectors (increasing resistor 
value compared to increasing frequency) and is 
shown in Figure 1.

Maury Microwave has used color bands for 
more than twenty years to identify 75 Ω Type 
N connectors, and in 2012 decided to extend 
its offering with the launch of ColorConnect
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resistance of > 260 lb/inch (44 kN/m) 
by employing additional ruggedizing 
layers, including a crush protection 
layer, a braided strength member and 
braided outer jacket.

The assemblies have a minimum 
bend radius of 1 in (25.4 mm) making 
it fl exible and versatile. With a fl ex life-
cycle over 20,000, Stability offers one 
of the lowest cost-of-ownership of most 
any phase-stable assembly. 2.92mm, 
3.5mm and Type N color-coded Stabil-
ity Cable Assemblies are shown in Fig-
ure 3. ColorConnect Precision Adapt-
ers and Stability cable assemblies have 
been specifi cally designed so that the 
color identifi cation bands are visible 
when connected, making identifi ca-
tion and verifi cation simple without 
the need to disconnect any piece of the 
interconnect chain.

TW-SERIES TORQUE WRENCHES
Most, if not all, 5/16"-hex high-

frequency connecters look similar 
from the outside but vary greatly in 
performance and design. Sub-Min-
iature version A (SMA) connectors 
use a polytetrafl uoroethylene (PTFE) 
dielectric which contacts along the 
mating plane, that along with the 

that the cable as-
sembly about to be 
connected is in fact 
compatible, and 
that damage to both 
the assembly and 
system will not oc-
cur? Listening to its 
customers, Maury 
implemented its 
ColorConnect col-
or-coding to its Sta-
bility line of cable 
assemblies.

Designed specifi cally for phase-sta-
ble and amplitude-stable applications, 
Stability offers excellent measure-
ment repeatability even after cable 
fl exure. With a ruggedized, durable 
construction, Stability will outperform 
other typical assemblies resulting in a 
reduced total cost-of-test. Stability’s 
light weight, fl exibility and small form 
factor make it ideal for daily use with 
VNAs, test instruments, bench-top 
testing and ATE systems.

Stability assemblies are offered 
with 2.92mm connectors to 40 GHz, 
3.5mm connectors to 26.5 GHz and 
Type N connectors to 18 GHz, and 
have respectable insertion losses of 
0.84, 0.67 and 0.54 dB/foot, respec-
tively (at Fmax). Designed specifi cally 
for phase- and amplitude-stability, 
these assemblies offer a typical phase-
stability after bending of 5, 3.5 and 2 
degrees, respectively, and an ampli-
tude-stability after bending of 0.05, 
0.02 and 0.0015 dB, respectively. 
Phase stability with temperature is 
less than 4°/m/GHz between –55° 
and +125°C. Stability achieves a crush 

precision adapters, color-coded 
Stability cable assemblies and 
TW-series torque wrenches.

COLORCONNECTTM PRECISION 
ADAPTERS

ColorConnect Precision Adapt-
ers are currently the only commer-
cially available adapters to employ 
the IEEE working group color-coding 
scheme. These adapters offer im-
proved VSWR specifi cations bridg-
ing the gap between calibration-grade 
metrology adapters and daily-use 
lab adapters. Compensated beads 
maintain an accurate 50 Ω transmis-
sion line for improved VSWR perfor-
mance. Compensated female contacts 
extend the usable lifetime to more 
than 500 matings. Critical pin-depth 
and position-tolerance prevents per-
formance degradation (due to “gap-
fi t”) and component damage (due to 
“interference-fi t”). Inner and outer 
conductor’s fi nish and materials en-
sure high conductivity with reduced 
signal loss. Mating surface fl atness and 
fi nish minimizes signal loss. Orbital 
consistency and concentricity ensure 
proper alignment and best repeatabil-
ity. ColorConnect Precision Adapters 
are available in SMA, Type N, 3.5mm, 
2.92mm, 2.4mm and 1.85mm in-se-
ries and between-series and are selec-
tively shown in Figure 2.

STABILITYTM CABLE ASSEMBLIES
Cable assemblies are used in a 

wide range of applications and by a 
user-base with varying degrees of ex-
perience and training. As with the 
adapters, how can one be certain 

 Fig. 1  Proposed color coding scheme.

 Fig. 2  Assortment of in-series and between-series color-coded adapters.
 Fig. 3  2.92mm, 3.5mm and Type N 
color-coded cable assemblies.
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 FEEDER LINE SOLUTIONSSPINNER|| 

High Frequency Performance Worldwide

■ MultiFitTM – compatible with most 
 commercially available corrugated cables
■ Jumper Cables – fl exible mass customization,  
 competitive prices and short delivery times
■ MultiFitTM Jumper – connectionless assembly 
 between jumper and feeder cable
■ Hybrid Jumper – completely assembled and 
 tested feeder line

 SPINNER is a global leader in 
developing and manufacturing 
state-of-the-art RF components. 
Since 1946, the industries lea-
ding companies have trusted 
SPINNER to provide them with 
innovative products and out-
standing customised solutions.

Headquartered in Munich, and 
with production facilities in 
Germany, Hungary, China and 
Brazil the SPINNER Group 
now has over 1,300 employees 
worldwide.

SPINNER GmbH | |  Germany
ads@spinner-group.com
www.spinner-group.com

MULTIFITTM  CONNECTOR LINE

HYBRID JUMPER

JUMPER CABLES CORRUGATED MULTIFITTM JUMPER

With a common 5/16" hex inter-
face, how does one tell the difference 
between 5 in-lb torque wrenches de-
signed for SMA connectors, and 8 in-lb 
wrenches designed for the rest? Maury 
offered a color-coded handle, black for 
5 in-lb and blue for 8 in-lb, but it was 
often confusing to remember which 
was which. Maury’s new line of TW-
series torque wrenches employ color-
banded handles, with the 5 in-lb han-
dle striped with a brown band, and the 
8 in-lb handle striped with orange, yel-
low, green and blue stripes, as shown in 
Figure 4. TW-series wrenches employ 
a “break” design making it diffi cult to 
over-torque a coupled junction. Each 
torque wrench is factory preset to the 
proper in-lbs value and have a variance 
of ± 10 percent. With its high qual-
ity, low cost and color code, engineers 
can match up the paint stripes on the 
wrench handle with the color bands on 
the ColorConnect adapters and Stabil-

variances in design and construction 
can cause mating uncertainties and 
introduce a possible air gap. Because 
of the possible variances in materials 
used (i.e., brass versus stainless steel) 
and the possibility of the thin outer 
wall (conventional SMA design), it is 
generally accepted that SMA conec-
tors require a torque value of 5 in-lb 
in order to limit possible damage.

Other 5/16" hex high-frequency 
connecters implement an air-dielec-
tric and are named after the diameter 
of said dielectric; 3.5mm, 2.92mm, 
2.4mm and 1.85mm. 3.5mm and 
2.92mm employ center pins of equal 
size and are thereby mechanically 
mateable, along with the SMA. How-
ever, due to the design and specifi ca-
tions of the connector which includes 
a stronger wall (0.021 inches in the 
case of the male versions), 8 in-lb 
torquing is recommended.

 Fig. 4  Color-coded torque wrenches.

ity cable assemblies and be guaranteed 
a proper torque each and every time.

Color-coded connectors, cable as-
semblies and torque wrenches give 
engineers and technicians the confi -
dence that the proper interconnec-
tions are being made. No more doubt 
or concerns about damaging equip-
ment or inaccurate measurements 
due to mis-matched connections 
or improper torquing. They reduce 
costs, improve testing relibility and 
reduce setup time. ■

_3M38S FINAL.indd   34 2/21/13   4:17 PM

mailto:ads@spinner-group.com
http://www.spinner-group.com


®

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

        IF/RF MICROWAVE COMPONENTS

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

U.S. Patents 
7739260, 7761442

482 Rev. E

CABLESCABLES
TM

HAND
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                      from 
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Mini-Circuits...we're redefining what VALUE is all about!

 Two popular diameters to fit your needs. 

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

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

 Get the performance of semi-rigid cable, and the versatility 
of a flexible assembly. Mini-Circuits Hand Flex cables offer the 
mechanical  and electrical stability of semi-rigid cables, but they’re 
easily shaped by hand to quickly form any configuration needed 
for your assembly, system, or test rack. Wherever they’re used, the 
savings in time and materials really add up!  
 Excellent return loss,  low insertion loss, DC-18 GHz. Across 
their entire bandwidth, Hand Flex cables deliver excellent 
return loss ( >26 dB typ for up to 50" runs ) and low insertion 
loss ( 0.2 dB typ at 9 GHz for a 3-inch cable ). So why 
waste time measuring and bending semi-rigid cables, 
when you can easily install a Hand Flex interconnect?                                      o S
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Rosenberger 
Hochfrequenztechnik GmbH
Fridolfi ng, Germany

Solderless 
PCB Mount
Connectors

A signifi cant trend is the ever-in-
creasing bandwidth requirements 
of high frequency electronics and 

modern data-transmission circuits, alongside 
a strong push toward integrated modules, is 
cost and performance. This means that classi-
cal coax connectors do not have an important 
role to play in large volume assemblies at high 
frequencies. However, connectivity solutions 
for test and measurement applications are re-
quired for frequencies up to 110 GHz and be-
yond in the design phase. To address these is-
sues, the Solderless PCB Mount Rosenberger 
Precision Connectors (RPC) were developed. 

Surface mount connectors are typically real-
ized as right angle or edge mount types. Both 
of these types are used throughout the com-
munication industry where impedance control 
and good shielding properties are required. 
They are reliable, exhibiting excellent and re-
producible results. However, with the move to 
very high frequencies, where the wavelength 
of the transmitted signals is comparable to the 
dimensions of the connector, care has to be 

taken not to couple resonant 
structures to the signal path.

This means that careful con-
trol of potential resonances and 
radiation at the interface from 
the connector to the circuit 
board is essential for a predict-
able performance. The wave-
length in vacuum is 3 mm at 100 
GHz and quarter (0.75 mm) and 
half wave (1.5 mm) resonances 
have to be managed. Voids and 
gaps have to be small compared 

to these dimensions, keeping in mind that the 
wavelength is much smaller in the PCB dielec-
tric.

SUBSTRATE THICKNESS
The substrate thickness also has to be kept 

well below a quarter wavelength for mode-free 
operation. The ratio of the width of a micro-
strip line and the substrate thickness is con-
stant for a given substrate material. The sizes 
of millimeter-wave circuits are thus no more 
than a few tenths of a millimeter and have to 
be connected electrically by the center pin of 
the surface mount connector.

For illustration, we calculated the S-param-
eters of an edge mount connector that is shown 
in Figure 1. It shows excellent signal proper-
ties up to 25 GHz. However, a very strong reso-
nance is observed at 30 GHz. This is caused by 
a parasitic resonant structure that is coupled to 
the transmission line via the gap between the 
connector body and the PCB ground. It sucks 
out a signifi cant part of the signal, causing a 
deep narrowband dip in the order of several 
dBs in the insertion loss while causing a spike 
in the refl ection loss.

A signifi cant part of the signal is radiated 
into free space where it may potentially inter-
fere with adjacent circuits. The logarithmic 
fi eld plot of Figure 2 illustrates the resonant 
fringing fi eld as it escapes through the void in 
the ground plane. Stressing a physical model, it 

 Fig. 1  Calculated insertion (S12, S21) and 
refl ection loss (S11, S22).
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insertion loss of the connectors is con-
siderably lower. The 70 and 110 GHz 
versions have been tested on the same 
substrate. A separate design was cho-
sen for the 40 GHz version.

This explains the lower loss of the 
02K80A-40M at lower frequencies. It 
may be attributed exclusively to the 
different PCB layouts. The TDR re-
sponse of the 110 GHz type of connec-
tor is shown in Figure 5. The coaxial 
interface is on the left. It confi rms the 
excellent impedance control along the 
signal path. There is a wide fi eld for 
the application of this connector fam-
ily in the ultra high frequency test and 
measurement applications and also in 
situations where minimum radiation 
and coupling to adjacent circuitry is 
mandatory.

Rosenberger Hochfrequenztechnik 
GmbH & Co. KG, 
Fridolfi ng, Germany 
+49 (0) 86 84 180, 
info@rosenberger.de,
www.rosenberger.com.

tor very simple and 
easy to design while 
no resonances may 
be excited in the 
transition.

The ‘pencil 
point’-like signal 
contact causes only 
a very low capacitive 
loading to the strip-
line, which is essen-
tial for minimum 
refl ections at high 
frequencies. No 
voids are required 
in the ground plane 
that would other-
wise make the de-
sign cumbersome. 
As the signal pin 
protrudes from the 
mounting face of 
the connector, a 
spring force is ap-
plied to the signal 
pad once the con-
nector is mounted, 
providing a stable 
and vibration-proof 
connection.

FEATURES
•  Connectors are available in: RPC-

2.92 (40 GHz) 02K80A-40ML5, 
RPC-1.85 (70 GHz) 08K80A-
40ML5 and RPC-1.00 (110 GHz) 
01K80A-40ML5

• No soldering required
•  Prepositioning enforced by dowel 

pins
•  Clamping mechanism accommo-

dates a wide range of board thick-
nesses while providing a continu-
ous ground connection between 
contact area and circuit board

• Universal, robust and reusable
As expected from the simulations, 

test results confi rm the excellent RF-
properties of the new connector series 
with connectors available up to 40, 
70 and 110 GHz. Refl ection loss and 
insertion loss of the three products 
are plotted in Figures 4a and 4b, re-
spectively. The frequency response is 
mode-free up to 110 GHz. The inser-
tion loss represents 50 percent of the 
GCPW-losses on the PCB. The actual 

behaves similarly to a waveguide tran-
sition with the signal pin acting like an 
inductive post. Let us consider how 
we mastered the challenges.

TECHNICAL FEATURES
The structure of the connector 

topology that was chosen is depicted 
in Figure 3. The RF-ground plane 
and the top ground are connected by 
many vias that keep the PCB mode-
free. The connector block is placed 
on top of the ground plane. This helps 
keep the footprint for this connec-

 Fig. 2  Field plot of the resonant fringing 
fi elds at 30 GHz.  Fig. 3  Detailed view of the PCB contact area with cut-out.

 Fig. 4  Measured refl ection loss of solder-
less PCB mount connectors (a) and measured 
insertion loss (b).
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Carlisle Interconnect 
Technologies
Cerritos, CA

Locking Push-On 
RF Connector for 
Harsh Environments

Carlisle Interconnect Technologies 
has advanced the design of tradi-
tional push-on RF connectors with 

a new line of locking push-on connectors, the 
SMP-L series. This new series of connectors 
addresses the needs of RF system designers 
who are looking for a blindmate interconnect 
solution that can withstand harsh mechanical 
stress, primarily in rugged military/defense ap-
plications such as radars, missiles, handheld ra-
dios, avionics and UAVs, as well as for a grow-
ing number of commercial uses. The SMP-L 
connectors are available in cable, PC board or 
panel confi gurations for use within microwave 
modules and subsystems.

DESIGN
The introduction of push-on blindmateable 

connectors, such as the Sub Miniature Push-on 

(SMP), galvanized the RF/microwave industry 
as their use enabled designers to increase pack-
age density by stacking PC boards and thus re-
ducing their form factor, while also simplifying 
the assembly and test of these designs. Since 
then, SMP and other push-on connector types 
have become the interconnect system of choice 
within RF/microwave systems.

Generally, push-on connectors utilize a 
push-on or friction-fi t mating, or sometimes 
a snap-on mating to ensure a suitable connec-
tion. While a number of factors contribute 
to the overall performance of these systems, 
signal integrity issues at the connector level 
typically arise from any coupling or de-mating 
problems at the interface, including any align-
ment issues with respect to the socket (female)/ 
pin (male) components. Under somewhat vig-
orous use, including harsh environments that 
are subject to signifi cant movement or vibra-
tion at the connector interface, such conven-
tional push-on architectures may not perform 
well.  Furthermore, there are certain applica-
tions where push-on connectors are required 
to remain mated even under the tensile strain 
of the cable coupled to the connector.

The SMP-L series adds a patent pend-
ing positive-locking mechanism referred to as 
Secure-Lok onto a standard SMP interface 

 Fig. 1  Secure-Lok connectors.
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wave systems operating up to 40 GHz. 
The coupling retention mechanism, 
Secure-Lok, improves the retention 
force to > 100 lbs when measured 
on a 0.085" cable. This ensures that 
a reliable connection is maintained 
between the male and female inter-
faces even in harsh environments 
where a standard SMP interface with 
detent can possibly lose mating. The 
SMP-L interface specifi cations are 
listed in Table 1 and typical VSWR 
performance to 40 GHz is shown in 
Figure 3. In addition, durability tests 
were performed during the qualifi ca-
tion phase to ensure that repeatability 
is maintained over 500 mate/de-mate 
cycles.

COMPATIBILITY
The SMP-L family comprises of fe-

male cable connectors and their male 
PCB and panel receptacles. These 
SMP-L connectors are fully compat-
ible with the standard SMP connector 
line, which includes bullets, adapters, 
panel mounts and fi eld replaceables. 
Thus, a complete interconnect sys-
tem is available for new designs that 
also maintains compatibility with the 
existing SMP standard interface that 
is commonly employed in RF/micro-
wave systems. Additionally, Carlisle 
has designed a variety of SMP-L con-
nectors, including IP67 compliant 
confi gurations, specifi cally for its cus-
tomers’ application needs.

Hence, SMP-L connectors are an 
ideal solution for applications that re-
quire the performance and density of 
a push-on connector with the rugged-
ness of a locking feature. Their supe-
rior performance under vibration and 
other harsh environmental factors al-
lows designers to overcome the histor-
ical limitation of using only threaded 
connectors such as the SMA or Type 
N in their designs. Moreover, the 
compatibility of the SMP-L connec-
tors with the standard SMP interface 
enables the use of a single intercon-
nect system throughout the design.

Carlisle Interconnect 
Technologies, 
Cerritos, CA
(562) 498-0901, 
www.CarlisleIT.com.

includes a latch to accept the bayonet 
pins of the female interface (see Fig-
ure 1).

When the female interface is in-
serted in the male interface and ro-
tated clockwise, the bayonet pins slide 
along the inclined latch surfaces to 

axially drive the col-
lar into the receiving 
bore to secure the 
female connector 
onto the male con-
nector (see Figure 
2). To disengage the 
locking mechanism, 
the collar on the fe-
male interface must 
be pressed in and 
rotated anti-clock-
wise to de-mate the 
connectors. Conse-
quently, the reten-
tion mechanism of 
this design improves 
upon a push-on con-
nector’s ability to 
resist unintentional 
de-mating forces, 
and to maintain sig-
nal integrity under 
adverse operational 
conditions such as 
heavy vibration.

PERFORMANCE
The SMP-L con-

nectors retain the 
electrical perfor-
mance character-
istics of their SMP 
equivalents, and 
thus are an excellent 
fi t for RF/micro-

to improve upon the ruggedness and 
repeatability. The female SMP-L con-
nector interface adds a movable col-
lar onto and rearward of the push-on 
socket, which includes a pair of bayo-
net pins. The male SMP-L connector 
interface adds a second bore onto and 
in front of the push-on plug, which 

 Fig. 2  SMP-L locking mechanism.

Engage Lock

 Fig. 3  Typical performance of 
P657SL-3CC (cable connectors) measured on 
Accuphase TLL40-1111A fl exible cable.
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TABLE I
SMP-L SPECIFICATIONS

Parameter Specifi cation

Impedance 50 Ω

Frequency Range DC to 40 GHz

VSWR 1.3:1 (DC to 26 GHz)
1.5:1 (26 to 40 GHz)

Insertion Loss .06 X √f  GHz

DWV @ Sea Level 500 Vrms

Insulation Resistance 1000 MΩ min

RF High Pot. @ 5MHz 325 Vrms

Corona Level @ 70,000' 190 Vrms

Inner Conductor Resistance 6.0 MΩ

RF Leakage  –80 dB (DC to 3 GHz)
–65 dB (3 to 18 GHz)

Force to Engage

     Smooth Bore 1.5 lbs

Force to Disengage

     Smooth Bore 1.0 lbs

Coupling Nut Retention 
Force

>100 lbs

Temperature Range -55˚ to +165˚C

Environmental

  Thermal Shock MIL-STD-202, Method 107, Cond B

  Moisture Resistance MIL-STD-202, Method 106, 
except step 7b

  Corrosion MIL-STD-202, Method 101, Cond B

  Vibration MIL-STD-202, Method 204, Cond D

  Shock MIL-STD-202, Method 213, Cond I
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Locking Push-On 
Connectors
CarlisleIT advances the design 
of traditional push-on connectors 
with its new line of SMP-L™ con-
nectors by adding a patent-pend-
ing locking mechanism called Se-
cure-Lok™ to the standard SMP 
interface. SMP-L connectors are 
ideal for rugged military and com-
mercial applications where sus-
ceptibility to vibration and other 
environmental factors is an issue.

App for iPads
As of now Huber+Suhner pro-
vides the “PDFolio” app for the 
iPad showing all brochures and 
catalogues. The documents are ar-
ranged according to technologies 
and markets and can be download-
ed as and when required. All con-
tent of the app is always updated. 
This app is available for free in the 
iTunes Store. 

Connectors, Cable 
Assemblies and 
Components Catalog
Mesa Microwave since 1995 has 
been manufacturing connectors, 
cable assemblies and components 
for the RF and microwave indus-
try in frequency ranges from DC 
to 110 GHz for commercial and 
military applications. Mesa is the 

source for standard and custom designs for unique applications. Contact 
the company at (480) 890-1612 or sales@mesamicrowave.com. “Live 
chat” is available. Request a catalog online at www.mesamicrowave.com.

Carlisle Interconnect Technologies,
www.CarlisleIT.com.

Huber+Suhner,
www.hubersuhner.com.

Mesa Microwave,
www.mesamicrowave.com. 

Test Cable Assembly 
Brochure

Continuing its commitment to 
“Excellence in Interconnect Solu-
tions,” Florida RF Labs has re-
leased a brochure highlighting its 
dedication to providing durable, 
high-performance test cable as-
semblies for lab, production and 
test equipment applications. The 
brochure features Lab-Flex®, 
Lab-Flex S, ASR and Mini-Flex 
product families and introduces 
the new Titan-Flex test assem-
blies. 

Precision Calibration 
Solutions and 
TestEssentials Catalog
A complete listing of Maury’s cal 
kits/cal standards for accurate cali-
bration of Agilent, Anritsu, Rohde 
& Schwarz and other network an-
alyzers (DC to 110 GHz). Maury’s 
cal kit confi gurations include all 
popular coax and waveguide con-
nector types. Other items include 
Maury’s metrology-grade adapt-
ers, TestEssentials™ lab adapters, 
and ColorConnect™ precision 
adapters, Stability™ microwave/
RF cable assemblies, connector 
gage kits and much more, with a 

full section on Maury’s complete line of thermal/cryogenic noise calibra-
tion systems and equipment. 

Coaxial Cable 
Assemblies 
MIcable Inc. is a leading designer 
and manufacturer of high perfor-
mance microwave coaxial cable 
assemblies for a variety of appli-
cations, including DC to 50 GHz 
fl exible test cable assemblies, 
hand-fl ex cable assemblies, and 
semi-rigid cable assemblies. In ad-
dition, the company also designs 
and produces various precise coax-
ial stainless and copper connectors 
and adapters. Custom designed 
cable assemblies are also available. 
MIcable Inc. is your quality fast 
and low cost solution. Please email 
sales@micable.cn.

Florida RF Labs,
www.emc-rfl abs.com.

Maury Microwave Corp.,
www.maurymw.com.

MIcable Inc.,
www.micable.cn.
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Six-Month Cable 
Guarantee

Mini-Circuits offers a six-month 
product guarantee for CBL 

series RF cable. Test cables traditionally undergo tremendous strain 
due to many connections which are a normal part of nearly every test 
lab application. Furthermore, a test environment often results in stress 
on the cable and cable-to-connector interface due to the high number of 
bends and fl exures required during testing processes. Mini-Circuits will 
repair or replace your test cable at its option if the connector attachment 
fails within six months of shipment. 

Cable Assembly 
Handbook 2013
Spectrum Elektrotechnik GmbH 
has a new comprehensive hand-
book with detailed information 
on such products as high perfor-
mance cable assemblies, operating 
to 65 GHz; phase matched cable 
assemblies, showing also phase 
adjustable connectors to 40 GHz; 
multipin/multiport cable assem-
blies: circular connectors with up 
to 12 coaxial cable assemblies, 
operating to 18, 26 and 40 GHz, 
and rectangular connectors with 
23 coaxial connectors and 26 DC 
lines; phase king assemblies with 

limited phase shift over temperature; phase stable assemblies to 26 GHz; 
and many more.

dB Miser Brochure
The clear choice for engineers 
facing challenging system gain or 
signal-to-noise requirements, dB 
Miser™ cables exhibit ultra low 
loss, excellent amplitude stability 
with fl exure, stable performance 
over temperature and exceptional 
connector retention. This expand-
ed brochure introduces two new 
cables in the dB Miser line of as-
semblies: a 0.160" diameter cable 
(0.678 dB/ft nom. at 40 GHz) and 
a 0.190" diameter cable (0.496 dB/
ft nom. at 32 GHz), as well as new 
connector offerings.

Mini-Circuits, 
www.minicircuits.com.

Spectrum Elektrotechnik GmbH,
www.spectrum-et.com.

Teledyne Storm Microwave,
www.teledynestorm.com.

MicroMATES Assemblies
PIC Wire & Cable’s Micro-
MATES™ were introduced in 
2012 for Ku- and X-Band assem-
blies. Learn more about these 
50 Ω microwave assemblies en-
gineered with minimum 200°C 
rating on all materials plus supe-
rior components including: In-
ner fl at braid or strip braid, high 
temp polyimide foil, dual braided 
shields and silver-plated copper 
throughout.

Connector Series 
Application Note
SV Microwave has released a new 
application note for the Quarter-
Back™ connector series. The line 
utilizes a quarter turn bayonet 
style coupling nut with a locking 
feature for standard SMP/SMPM 
interfaces. The QuarterBack con-
nectors are ideal for high vibration 
and test applications that require a 
large number of mating cycles.

PIC Wire & Cable,
www.picwire.com.

SV Microwave,
www.svmicrowave.com.
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The 5th Annual
RF/Microwave Zone Pavilion

at CTIA 2013
May 21-23, 2013

Sands Expo Convention Center, Las Vegas, NV

For more information, visit www.rfmwzone.com
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The VITA 67.0, 67.1 and 67.2 
standards, which defi ne the 
RF connector modules for 

implementation within the Open-
VPXTM architecture, have been rati-
fi ed by the American National Stan-
dards Institute (ANSI). TE Connec-
tivity’s RF connector modules, which 
meet these new standards, have been 
designed for high-reliability, high-
density aerospace and defense appli-
cations that meet the vibration, envi-
ronmental and corrosion resistance 
requirements of VITA 47.

The new VITA 67 standards en-
hance the ability to add RF capabili-
ties in VITA 46 VPX board-to-board 
connections. The modules provide 
a convenient and standardized mi-
crowave interface and also meet the 

needs of C4ISR applications such as 
ground base stations and commu-
nication systems, land and sea anti-
ballistic signal processing, avionics 
and ground-based radar systems, and 
electronic countermeasures.

The modular design allows applica-
tion-specifi c confi gurations with high 
contact counts in VPX systems. The 
RF connector modules are compati-
ble with VITA 65 OpenVPX specifi ca-
tion, which defi nes standard profi les 
for various confi gurations at the chas-
sis, backplane, slot and module levels.

RF modules are available with stan-
dard 4 positions (VITA 67.1) or 8 po-
sitions (VITA 67.2) of high-frequency 
coaxial contacts for blind-mate daugh-
tercard to backplane applications. The 
SMPM based contacts are on a 0.240" 
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centerline, and the module interface 
is designed to maintain excellent 
channel-to-channel isolation, over 100 
dB at 30 GHz.

The jacks are designed with fl oat 
on the daughter-card side to accom-
modate mating tolerances and con-
fi rm that the RF interface is bottomed 
through the full board-to-board toler-
ance range, maintaining a positive RF 
ground and supporting frequencies 
up to 40 GHz. The modules offer a 
contact fl oat of 0.079", radial misalign-
ment of ±0.010", and a design that 
provides reliable blind-mating. Con-
tacts are available for a wide range of 
fl exible and semi-rigid cable.

TE Connectivity, Harrisburg, PA 
(800) 522-6752, www.te.com.

Cables & Connectors Supplement

VITA 67 Standards for 
Connector Modules

ADVERTISER                    PAGE NO.             ADVERTISER                                     PAGE NO.

 Eastern and
Central Time Zones
Chuck Boyd
Northeast Reg. Sales Mgr.
(New England, New York, 
Eastern Canada)
685 Canton Street
Norwood, MA 02062
Tel: (781) 769-9750
FAX: (781) 769-5037
cboyd@mwjournal.com

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

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

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

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

Israel
Oreet Ben Yaacov
Oreet International Media
15 Kineret Street
51201 Bene-Berak, Israel
Tel: +972 3 570 6527
FAX: +972 3 570 6526
obenyaacov@horizonhouse.com

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

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

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

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

CARL SHEFFRES, PUBLISHER ED KIESSLING, TRAFFIC MANAGER

Sales Representatives

AWR Corporation ........................................................................ COV 2
Carlisle Interconnect Technologies ............................................ COV 3
Delta Electronics Mfg. Corp. ..................................................... COV 4
Electronic Assembly Manufacturing, Inc. (EAM) .........................23
EMC Technology Inc. .....................................................................15
Emerson Network Power ...............................................................13
Florida RF Labs Inc. .......................................................................15
Frontlynk Technologies Inc. ...........................................................27
Huber + Suhner AG ........................................................................11
Insulated Wire Inc. .........................................................................29
Maury Microwave Corporation ......................................................31
MegaPhase.......................................................................................12
Mesa Microwave .............................................................................18

MIcable Inc. .....................................................................................9
Mini-Circuits ...................................................................................35
PIC Wire & Cable ...........................................................................28
Southwest Microwave, Inc. .............................................................25
Spectrum Elektrotechnik GmbH ...................................................33
Spinner GmbH ................................................................................34
SRI Connector Gage Company ......................................................26
SV Microwave, Inc. ..........................................................................3
Teledyne Storm Microwave .............................................................7
Times Microwave Systems ..............................................................19
TRU Corporation .............................................................................5
W.L. Gore & Associates, Inc. .......................................................16, 17

A D V E R T I S I N G  I N D E X

_3M50S FINAL.indd   42 2/21/13   3:12 PM

http://www.te.com
mailto:yschinn@horizonhouse.com
mailto:amskatsu@dream.com
mailto:michaelT@actintl.com.hk
mailto:markm@actintl.com.hk
mailto:cboyd@mwjournal.com
mailto:mhallman@mwjournal.com
mailto:blandy@mwjournal.com
mailto:rvaughan@horizonhouse.co.uk
mailto:bberanek@horizonhouse.com
mailto:obenyaacov@horizonhouse.com
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Carlisle Interconnect Technologies advances the design of traditional push-
on connectors with the addition of a unique locking mechanism referred 
to as Secure-Lok™. Our new line of SMP-L connectors adds this patent 
pending locking mechanism to our standard SMP push-on interface. 

The SMP-L connectors provide a secure connection similar to threaded 
connectors while retaining the advantages of a push-on blindmate 
interface. Consequently, they are ideal for use in RF & Microwave 
systems designed for rugged military and commercial applications. 

SMP-L Connectors

Lok Down your Microwave Push-On connector with

Secure-Lok™ unique Patent 
Pending locking mechanism

SECURE-LOK™

CIT_SecureLok_030113_2.indd   1 2/7/2013   11:35:18 AMMWJCARLISLE0312.indd   3 2/21/13   8:19 AM
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