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Amphenol/SV Microwave

is a global leader and QPL'd
supplier of MIL-DTL-5015,
MIL-DTL-26482, MIL-STD-38999,
and portable 22992 Class L
certified assemblies.

Electrical Specifications

* 60 & 100 Amp Offerings

e Up to 300 Amps per Contact

e New Connector/Cable Assembly
Solutions up to 400 Amps

Strain Relief Options

* Thermoplastic Injection Overmolding
e Solid Molded Designs
e Connector and Back-shell Potting

Shielding and Braiding Services

e Stainless

e Copper

¢ Nylon

e Custom Shielding

e Complex Multiple Branch Assemblies

Multifunction Junction

Power, signal, RF/Microwave—all in one connection. SV Microwave’s
size 8, 12, and 16 coaxial connectors enable us to manufacture hybrid
harnesses that combine all your DC and signal transmission functions.
These harnesses reduce weight and introduce flexibility in your designs
like no other solution. They're ideal for temporary shelters, remote
command centers, mobile and airborne requirements, and just about
any application that calls for design efficiencies in every corner.

We offer a complete range of jacketing, shielding, and braided
protective covering options, including NBC (nuclear, biological,

chemical) materials. Solid molded designs to withstand extreme
environmental and physical abuse are also available.

From fully automated assemblies to completely hand built, we have
a solution to your multifunction interconnection requirements.

&
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www.ML7.AmphenolRF.com ML7 @AmphenolRF.com

Amphenol RF is pleased to introduce its latest innova-
tion, the Mini Lock 7 (ML7) RF connector for wireless
infrastructure markets.

The ML7 combines proven advantages of the 7/16
interface with a new, low torque, quick coupling mech-
anism that speeds installation and reduces connector
size up to 25% while delivering the same high perfor-
mance quality and electrical performance users expect
from Amphenol RF products.

The ML7: lower costs and improved performance from
the leader in RF technology. Please visit us on the web
to learn more and find a local sales representative.

3 c-a&al |- Solutions for the Wireless Infrastructure Market
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promising new method for the treat-

ment of cancer tumors and metasta-

ses is microwave or RF ablation. This
minimally invasive treatment makes it possible
to operate in areas of the body that are inac-
cessible using conventional means and allevi-
ates post-traumatic complaints, as well as of-
fering significant cost savings. Such minimally
invasive interventions are complemented by
constantly improving imaging techniques that
make it possible to localize even the tiniest
tumors or metastases. All of these advantages
mean that this new surgical technique offers
excellent potential for growth.

MINIATURE PROBE DISOLATES
TUMOURS

The way that ablation works is by releasing
electromagnetic energy inside the tumor. This
causes water molecules to vibrate, generating
heat and destroying the diseased tissue, which
is simple but effective. The great challenge,
however, is to channel the microwave power
required from the generator into the diseased

CABLES & CONNECTORS SUPPLEMENT

RF ABLATION:
TECHNICAL TRENDS FOR
A HoprrruL FUTURE

tissue, adding as little loss as possible while
keeping flexibility at an optimum, i.e. the ca-
bles, connectors, etc. The type of connectivity
required is dictated by the specific application.

Although RF ablation is currently used to
treat primary tumors and metastases in the
lungs, liver, kidneys and bones, the technique
is also increasingly being used for treating oth-
er organs. As a result, the system frequencies,
the ablation time and the applied electromag-
netic power vary considerably. These param-
eters, along with the ergonomic considerations
of the operating environment need to be taken
into account when deciding what cables/con-
nectors to use.

ATTENUATION IN COAXIAL STRUCTURES
The transmission loss (attenuation), which in-
dicates how much lower the outgoing power
is in comparison with the incoming power in a

RETO GERMANN
HUBER+SUHNER AG, Herisau, Switzerland
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cable, is a major consideration. In the equation:

Power
Attenuation loss = o = 10 logi"“t[dB] 1)
Power, |

this value is negative; however, to avoid confusion, at-
tenuation is often stated as a positive number. Figure 1
shows the attenuation loss components of a cable, ¢, =
conductivity of the inner conductor, 6}, = conductivity of
the outer conductor, €, = dielectric constant and tangent
8 = characteristic of insulator material. The total transmis-
sion loss is Ootal = Qeonductors T Qdielectric:

The cable attenuation loss is the sum of the conduc-
tor losses (e.g. copper losses) and the dielectric losses. In
Equations 2 and 3:

—a = Hiwﬁ‘@ ¥ \/BrD‘[dB/m:l @)

X conductor = ’ D ‘

= 0ty = 90.96fe, tan 8 dB/m ] (3)

o Dielectric

f = frequency (GHz) and the diameters d and D are in
mm. Z is the characteristic impedance in Ohms [Q], and
p.q and p,, represent the material resistivities of the con-
ductor in comparison to copper. That is: p,y = 1 for a cop-
per inner conductor and p,, = 10 for a steel outer conduc-
tor. d is the loss angle of the insulating material.

Figure 2 shows the attenuation loss as a function of the
three cable components. A lower attenuation loss can be
achieved by the following:

e Large cable diameter

e High conductivity of the materials
¢ Low dielectric constant

* Small loss angle

Because the conductor losses increase proportionally to
Vf, whereas the dielectric losses increase directly propor-
tionally to f, the losses from the polymer structures used in
applications such as RF ablation are considerable (Equa-
tion 2 + Equation 3). The two parameters that need to be
influenced are €, and tan §.

Both values are directly linked physically to the pres-

€, tangent d

A Fig. 1 Attenuation loss components.
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A Fig. 2 Attenuation loss as a function of the three cable compo-
nents.

ence of material and assume minimum values in a vacuum
(e, = 1 and tan & = 0). Furthermore, the polymers used
must provide excellent stability in terms of mechanical and
thermal loading, dielectric strength and, most important-
ly, process capability. The values for typical materials are
shown in Table 1.

ERGONOMIC DESIGN

With regards to the surgical environment, many diverse
requirements have to be met. For example, if a robust or
even crush-resistant connection is required for a cable that is
fed to the operating table, then it is desirable to have a cable
with the smallest possible dimensions in the operating area.
Also, the supply cable to a probe (see Figure 3) for liver
tumor ablation should be as flexible as a cord and should
remain positioned on the patient without losing its shape,
whereas a cable used for intestinal operations should exhibit

TABLE |
PROPERTIES OF DIFFERENT CABLE MATERIALS
Material Glass Temperature Operating Density Dielectric
(-c) Temperature (g/m?) Strength
(-c) (rRV/mm)
Air 1.0 <10® 0.0013 <1.0
PE =2.28 0.0003 <-125 -40...+85 0.91...0.97 >28
SPE 1.25...2.05 <0.0003 -40...+80 0.21...0.75
XLPE >2.98 >0.0003 -20...+10 0.91...0.97 >25
FEP 2.1 <0.0007 -100 -100...+200 2.15 >50
PFA 2.06 0.0001 <-80 -200...+250 2.14 >50
PTFE_, <2.05 <0.0001 -100 -200...+250 2.2 25...50
PTFE_ 14...1.7 <0.0001 -200...+250 0.8...1.5
PP 2.25 <0.0005 -20 -10...+100 0.9 >25
PEEK 3.2 0.003 143 -250...+250 1.32 20
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Our RF Products Are Ready to
Meet Your Toughest Demands

Our RF connectors, cables and cable We offer a full range of commercial-off-
assemblies are engineered for optimal the-shelf (COTS) and military specified
performance. Whether it’s microminiature, products.

such as the MMCX and OSMM connectors;
high power, such as the OSP and OSSP
connector series; or the latest in blind-
mate backplane technology, such as our
multiposition SMPM modules designed To see the full range of solutions, visit
for VITA 67, our products are made to www.te.com/ADM/RF or talk to your
exacting performance, material and local Tyco Electronics representative.
quality standards.

Tyco Electronics has been enabling
mission-critical applications for more
than 50 years.

©2011 Tyco Electronics Corporation. All Rights Reserved. E

800-877-6522 » www.tycoelectronics.com/ADM/RF =

OSP, OSSP, TE (logo) and Tyco Electronics are trademarks of the Tyco Electronics Tyco Electronlcs
group of companies and its licensors.

Industry images courtesy of the Department of Defense Our commitment. Your advantage.
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a ‘memory effect’ and should return
to its original position in a controlled
manner.

Surface properties regarding ster-
ilization and ‘coolability” as well as
the choice of color in order to en-
sure visibility in the operating area
and system matching are further ex-
amples of parameters that have to be
considered when selecting the most
suitable cable.

Introducing a new family of The new iCALIBER
Test Cables from Aeroflex

(QEROFLEX

INMET

An I1SO 9001 Certified Company
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SELECTIVITY

A bent coaxial cable may, depend-
ing on the structure and material, de-
velop forces and become deformed
over time. Although in most cases this
effect should be completely avoided,
it can be desirable in certain special
catheter applications. For such indi-
vidual circumstances it is vital for the
cable and connector manufacturer to
work closely with the end user to se-

brand exhibits the
Inmet caliber of quality
and performance of a
high end test cable —
but at a low cost of
ownership normally
reserved for economy
grade test cables.

Normal failures due
to crushing, flexure and
kinking are eliminated
through the use of a
robust spiraled stainless
steel casing. These
cable assemblies allow
for a small bend radius
with minimal spring
back and exhibit low
loss and VSWR charac-
teristics while providing
excellent phase stability.

All models available
from stock.

www.aeroflex.com/ccmj

888-244-6638

Aeroflex / Inmet
Ann Arbor, Michigan

(Q\EROFLEX

A passion for performance.

—y.

A Fig. 3 Supply cable and probe.

lect the right choice of connectivity
products and develop test procedures
to simulate the end-user applications.

INTERDISCIPLINARY APPROACH

Just as today’s doctors are expected
to be familiar with the use of state-of-
the-art equipment, in order to supply
and fit the right cables and connec-
tors, engineers must have an under-
standing of how medical practitioners
work and the environment in which
they have to function. It is essential
to select RF connectors that provide
true and easily achievable connection.

This is a major consideration, for
example, with the microwave-com-
patible connectors that an operating
team would use, as partial or insecure
mating could have serious conse-
quences given the high power levels
used in these applications. In such
circumstances a push-pull connec-
tor that clicks audibly into place, re-
liably remains connected even when
subjected to radial movements and is
waterproof, would be the type of con-
nector that should be considered.

CONCLUSION

RF ablation is a technique be-
ing increasingly used in the medical
field. These applications are diverse,
requiring a variety of cables and con-
nectors to deliver the high power de-
manded. In order to provide effective,
efficient and safe systems, engineers
must calculate the attenuation loss of
the cable and be aware of the specific
characteristics of the cable/connector
options on the market in order to be
able to meet the specific demands of
the medical environment. H

Following a four-year apprenticeship as
an electrician, Reto Germann gained
an engineering degree in mechatronics
from FHS St Gallen, Switzerland, and a
management diploma from the Chinese-
European International Business School
(CEIBS), Shanghai, China. He joined
HUBER+SUHNER as an Applications
Engineer in 2000, became Application
Engineering Manager; China, in 2005, and
Distribution Manager; APAC a year later.
Since 2008 he has been Market Manager
Medical, Radio Frequency Division.
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DC-26.5Hz high performance test cable assemblies

Advantages & Features:

Excellent phase stability vs. flexure
Perfect flexibility and good touch
Double shielded

Stainless steel connectors of enhanced
protective construction

Upgraded strain relief design for extended
service life

Applications:

Superior replacements for test cables of
original instrument

Volume quantity test of production line
Test at R&D labs

Test for environmental & temperature chamber
Radio frequency related fields

C10 Series is the reliable and economy cable assemblies of high performance, extensively applied in varied
tests of broadband and connections. C10 series is designed with a special enhanced protective
construction, featuring the super strain relief with proven extended service life and higher stability for
bending, connecting and disconnecting over and over again.

Micable is your quality fast and low cost solution !

affiiated with (SS]|

Micable Inc.

Tel: 86 591-87382856
Email: sales@micable.cn
Website: www.micable.cn

USA Distributor Center:

SS| Cable Corporation

Tel: (360)426-5719

Email: bsmith@ssicable.com
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emi-rigid cables have long been the back-

bone of the US Military interconnection

technology for RF and microwave appli-
cations. These cables provide a robust means
of interconnection supporting high power, low
loss and high frequency applications with ex-
tremly good shielding characteristics. With no
fear of sand and abrasion, these cables provide
armor to military electronics on land, sea and
air. Today, however, is semi-rigid really the best
solution for high reliability?

San-tron believes that Times Microwave has
developed an ideal alternative to semi-rigid
cables that should be seriously considered for
system integrations. Below is a discussion of the
apparent differentials that Times TFLEX-402
and TFLEX-405 provide to technical perfor-

mance, costs of design-in, cost of manufactur-

ing, and to the logistics chain

TABLE | and maintenance operations.
This is followed by a discussion
COMPARISON OF ATTRIBUTES OF of the connector designs that
TFLEX AND SEMI-RIGID CABLES . AT
fully leverage the capabilities
Parameter TFLEX-402 RG-402 Of ﬂelele CableS.
jacket FEP n/a
ol TECHNICAL ATTRIBUTES &
Sl Ag/Cu o DIFFERENTIALS
core PTFE PTFE The technical performance
conductor Ag/Cu Ag/Cu/Steel of Semi-rigid Cablles aind
TFLEX are extremely similar.
mass (kg/m) 0.049 0051 A brief decision matrix is help-
Vo (kVrms) 1.9 1.9 ful in identifying the major
Temp max C 195 195 characteristics. Due to the sol-
- — po- m id copper outer shield of semi-
cmp mmn _ - rigid cable, these assemblies
Min Bend 12.7 6.4 are superior at diffusing heat,
Radius (mm) insuring low attenuation and
S21] k1 0.330 0.318 thus providing higher power
|S21| k2 0.0012 0.0012 handling abilities. The TFLEX
series provides better support
|SZ%|1@ 1t8 (;’HZ -2.16 dB -2.11dB for corrosive environments due
- to its FEP jacket and silver clad
P (watts) @ 48 65 metals. TFLEX also supports
18 Cliz low attenuation, full shield-

12

RepuciNGg CosTS WITH
FLEXIBLE CABLES AND
IMPROVED CONNECTORS

ing and further offers multiple cable bending.
Table 1 provides a close look at some of these
differentials in attributes.

The standard semi-rigid RG-402 cable is
composed of a solid copper shield and a silver
clad steel center conductor. Thus, the oper-
ating environment needs to be considered in
choosing these materials. Will the assembly be
exposed to corrosive agents that will attack the
copper shield? Will the steel center conductor
generate PIM products within frequencies of
interest? This cable does support tight bend
radii of 6.4 mm; however, the cable can only be
bent once. Repeated bending will fracture the
solid copper shield.

TFLEX cables are composed of a FEP
jacket and silver clad copper metals. The FEP
jacket provides excellent protection from cor-
rosive environments. This TFLEX shielding is
a composite of a helical wrap and braid, and
like semi-rigid, the RF leakage is beyond the
range of measurable limits. The silver clad he-
lical wrap further provides temperature phase
stability, loss stability and low insertion loss. A
one meter length of the two cables perform
within 0.05 dB of each other at 18 GHz. From
the technical profile of these cables, the only
parameter that favors semi-rigid cable is power
handling; at 18 GHz the semi-rigid nudges out
TFLEX at 65 versus 48 W.

COSTS OF DESIGN-IN

Within system integration, each semi-rigid
cable requires predetermined geometries. Just
as a civil engineer designs bridges, entrance
ramps and clover leafs into our highways, a me-
chanical engineer takes on the task of designing
bend radii, segment lengths, over and under lo-
cations, etc. Each cable becomes a customized
part number with exacting requirements to rig-
idly lie within the constraints of various barri-

FrReD HuLL
San-tron Inc., Ipswich, MA
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ers: amplifiers, filters, mixers and other cables. When sub-
systems are modified and upgraded, so too are the cable
assemblies, which effects fit, form and function between
new versus legacy deployments. With the typical semi-
rigid cable being composed of ~5 bends and total lengths of
8t030 inches, a simple problem just became a documenta-
tion dilemma. All of these custom cables can be supported
with standard TFLEX assemblies supplied in incremental
lengths. One can simplify the documentation and focus on
engineering creativity and solving technical issues.

COSTS OF MANUFACTURING

The manufacturing processes for semi-rigid is a bit
more involved than the TFLEX methodology. Below is a
cost comparison just in the required capital equipment for
both processes (see Table 2).

To manufacture semi-rigid cables there is a common
process requiring $77,300 in estimated costs:

* Cable is supplied in straight 8-foot lengths

* Cut the cable to developed length

* Process the cable through a bending machine

e Verify position of bends within tolerances via a quad-
axis machine

e Thermal cycle the cable to relieve stresses within the

PTFE core
e Strip the cable ends for connector termination
¢ Solder both the center contacts and bodies to the cab

Comparatively, the process for TFLEX only requires
$18,400 of costs:

e Cable is supplied in continuous spools

Cable Assembly |
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e Cut the cable to developed length
e Strip the cable ends for connector termination
e Solder bodies to the cable

EFFECTS ON LOGISTICS & MAINTENANCE

Imagine all the costs associated with producing these
unique semi-rigid cable assemblies and every dimension is
within specification; every segment length, every bend ra-
dius, and even the tolerance stack-up from connector end
to connector end has been minimized. These cables are
not simply going into a plastic bag and shipped to the cus-
tomer. Each cable assembly part number will have unique
cut foam inserts and these cables will be carefully placed
into expensive custom boxes. Then a set of these boxes
will be placed into a larger shipping box. If the customer
requires five different cables for a deployment then the
manufacturer will provide five different sets of cut foam
inserts. Each assembly will be custom packaged to prevent
dimensional changes during shipping and handling.

The customer will receive different crates of semi-rigid
cable assemblies with each assembly packaged in a box that
measures 12" X 18" X 6". How do they place these crates
within your work flow? And how quickly can they remove
the empty boxes from the production floor and store or
dispose of them?

The alternative could be as simple as a couple of cable
lengths of TFLEX supporting all of the semi-rigid ap-
plications. Then just a couple of part numbers of flexible
TFLEX cables are needed. These are bulk package as 20
pieces into a plain plastic bag and dropped into the mail.
No need for foam inserts, pallets, specialized work flow
and packaging removal.

For maintenance operations this advantage is greatly
multiplied. Consider TFLEX to be the “duck tape” of the
215t century for microwave applications. Regardless of the
OEM, the frequency range and the performance param-
eters, standard lengths of TFLEX cable assemblies can be
stocked for a full array of upkeep and retrofits. The concern

ENHANCED COUPLING NUT CAPTIVATION
PREVENTS COUPLING FAILURES

CAPTIVATED CENTER CONTACT
LOWERS ASSEMBLY SKILL SET & COSTS
IMPROVES CONSISTENCY OF PERFORMANCE

EZ STYLE/SOLDER FREE CENTER CONTACT
LOWERS ASSEMBLY SKILL SET & COSTS
IMPROVES CONSISTENCY OF PERFORMANCE
PROTECTS CABLE EXPANDED DIELECTRICS

POSITIVE CABLE STOP
CONTROLS RF STRUCTURE
PREVENTS SOLDER CONTAMINATION

USES STANDARD CRIMP TOOL

RIGID SUPPORT BEYOND SOLDER WICKING
PREVENTS FAILURE AT BRITTLE WICK-LINE

|
3 S
r— SINGLE APPLICATION
SOLDER JOINT

30—

/.

AVAILABLE IN BRASS OR STEEL

A Fig. 1 e Series improvements made to SMA connector.
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!!' - ¥ | 2 Hole, .625", with Ground Plane

——
@ 4 Hole, .500", with Ground plane

h
!.4-"_ & | 2 Hole Diamond with Ground Plane
- —

W 2 Hole, .550" with EMI Gasket
cTa

f? ', | 4Hole, .500" x 375" with EMI Gasket

2 Hole, .625", Male, with EMI Gasket

Q\i}“- Female Thread Mount
% Male Thread Mount

Many other configurations available. Please specify
.012", .015", .018" or .020" pins.

Performance R
Frequency Range: DC to 27 GHz Tune your connedlons
Voltage Rating: 335 V RMS (sea level)
Nominal Impedance: £0-ohms Trick out your next design in one easy step with new, innovatively
DWV: 1000 V RMS @ 60 Hz (sea level) engineered field replaceable SMAs from San-tron. This simple switch
Insulation Resistance: 10,000 megohms

will give you a boost in
Temperature Range: -65°C to +165°C . - 2 hole flange .012" Pin
available frequency range—

Materials in some cases up to 31 GHz! o
Dielectrics: PTFE Fluorocarbon When combined with VSWR 1 /\/\/\A/\/\/\/\\/
Center Contacts: Beryllium copper

- = performance of 1.07:1 from 35 68 100 133 166 199 232 244 297 GHe
Bodies: SS303
EMI gaskets: Silver filled Fluorosilicone rubber DC to 18 GHz and 1.25:1 or better through 26.5 GHz, your circuits
will be fueled like never before.
Plating

Center Contacts: Gold See for yourself by visiting our Web site and requesting a free sample.
Bodies: Passivated

Always Thinking

1S0 9001:2008 www.santron.com ROHS

978-356-1585
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SRI

Connector Gage Company

Designers &
Manufacturers of

* High Frequency Standard
& Custom RF/Microwave
Coaxial Connectors

* Adapters & Receptacles
* Flex & S/R Cable Connectors
+ Interface Gages

* Customized Connector Kits

—.—
1.85 mm, 2.4 mm, 2.9 mm,
3.5 mm, N, SMA, TNC,
ZMA, SMP, SupeRites®

SO 9001-2008
DFARS Compliment
ITAR Certified

Contact us
www.SRIConnectorGage.com

800.881.9689

3950 Dow Road
Melbourne, FL 32934

SRI Connector Gage Company
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is shifted from exacting geometries to
only the need for minimum length as-
semblies. And with the minimum of
tooling required it is even possible to
produce retrofit cable assemblies on
site.

eSERIES: CONNECTOR DESIGNS
THAT LEVERAGE FLEXIBILITY

Now that TFLEX cable has been
offered as a drop-in substitute for
semi-rigid cables, there is a need to
take a look at connectorization. What
attributes can the connector bring to
the overall reliability and performance
of these assemblies?

The San-tron eSERIES product line
was initiated with the SMA interface
as this is the most prevalent connector
for intra-system integrations, the con-
nection of sub-systems within an OEM
package. The company wanted to de-
sign advance features into the connec-
tor to remedy issues that were common
with conformable cable assemblies. By
combining experiences of both semi-
rigid and conformable cable assemblies,
the new eSERIES is a positive step in
the enhancement of performance and
survivability in the field. The following
features were implemented into the
eSMA series (see Figure 1):

e Enhanced coupling nuts that will
not “walk-off” brass bodied connec-
tors

e Captivated factory-set center con-
tacts for no worry interface dimen-
sions

e EZstyle, solder free center contacts

e Integral positive cable stops that
control RF structure and limits sol-
der contamination

* Rigid cable support beyond the sol-
der wick line

e Cable assembly performance with
VSWR < 1.22 (DC-20 GHz)

e PIM performance < -150 dBc
The enhanced coupling nut is a far

reaching improvement beyond the e-

SERIES product line. It is a natural

occurrence that brass bodied SMAs

coin with each successive torque appli-
cation of the coupling nut. As this coin-
ing continues to progress, the retaining
ring eventually fails to capture both the
body and the coupling nut. The brass

SMA connectors have implemented a

feature that prevents this failure mode.

All of these SMA connectors exceed

the military specification of 15 in-lbs

of coupling proof torque. It typically
requires ~80 in-lbs of torque to cause

fracture. The captivated, factory-set
center contacts provide controlled in-
terface dimensions that reduce the
opportunity for mechanical collisions
within mating connectors.

The EZ style, solder free contacts
prevent heat disruption of the core
dielectric helping to maintain the 50
ohm structure. It is the combination
of heat disruption and controlled sol-
der spacing of the center contact that
contributes most to variation in RF
performance. These EZ style contacts
negate these limitations.

Integral positive cable stops con-
trol the resultant geometry of the
prepared cable into the connector.
The cable stop also limits the flow of
solder to the braided cable zone pre-
venting solder flow forward into the
connector cavity. This helps give the
cable assembly technician a repeat-
able process to support the higher 20
GHz performance.

As solder is applied to the cable it
naturally wicks up the cable braid. The
further it wicks, the more problems
that will ensue. The wick line is a very
distinct characteristic in that the braid
is solid on one side of the line and is
flexible on the other. Thus, this wick
line becomes a fulcrum plane at which
cable failure is prone. By controlling
heat and dwell time it is easy to limit
this solder wicking to 0.33 inches.
Then the application of the optional
crimp ferrule provides mechanical
support to 0.49 inches. This extended
ferrule provides the mechanical sup-
port that prevents braid failure under
multiple cable flexing. Additional sup-
port can then be augmented with heat
shrink strain relief.

The ultimate goal of these en-
hancements is to provide a consis-
tent, reproducible process to fabricate
low cost SMA cable assemblies with
strong RF performance through 20
GHz. As a result, the required skill set
of the cable assembly technician has
been simplified. These features with
20 GHz performance were imple-
mented into SMA plugs, jacks, panel
mounted jacks and weather sealed
bulkhead mounted jacks. Recently
the SMA right angle plug was added
to this product line with performance
to 12.4 GHz.

The next series of solutions focused
on inter-system integrations—how to
get the signals to the outside world.
The type N and 7/16 connectors have a
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TABLE 1

COST COMPARISON TO PROCESS TFLEX VERSUS
SEMI-RIGID CABLES

Equipment TFLEX-402 RG-402
Bending Fixture: #HB1 N/A $700
Q/C Orthogonal N/A $100,000
Thermal Cycling: N/A $19,000
Blue-M
Cable Strip: #CS5400 $18,000 N/A
Cable Strip: #SR1000 N/A $57,000
Soldering $400 $600
Total Capitalization $18,400 $177,300
TABLE Il

eSERIES CONNECTORS FOR TFLEX-402

Frequency PIM Part Number Part Description

18 GHz no 0401-257-AH N Plug

18 GHz yes 0401-257-AS N Plug

18 GHz no 0405-72-AH N Bulkhead Jack

18 GHz yes 0405-72-AS N Bulkhead Jack

6 GHz no 0501-75-AH RPTNC Plug

6 GHz no 0502-17-AH RPTNC Right Angle Plug
20 GHz no 1201-28 M1-GJP SMA Plug Quick Mate
20 GHz no 1201-28-GJP SMA Plug

20 GHz yes 1201-33-BWA SMA Plug Solder Contact
20 GHz yes 1201-33-GWP SMA Plug Solder Contact
20 GHz no 1201-45-V]P RPSMA Plug
124GHz | no | 120224V]P SMA Right Angle Plug
20 GHz yes 1203-08-AG SMA Jack

20 GHz no 1203-08-VH SMA Jack

20 GHz no 1204-06-V] SMA Panel Jack

20 GHz no 1205-06-V] SMA Bulkhead Jack
20 GHz no 1205-07-V] SMA Bulkhead Jack

Weather Seal
8 GHz yes 1904-05-SS 7/16 Panel Jack
8 GHz yes 1905-06-SS 7/16 Bulkhead Jack
Weather Seal

strong market position for external connectivity. Therefore,
these features were implemented into an 18 GHz type N
bulkhead mounted jack and into an 8 GHz 7/16 panel jack
and bulkhead mounted jack. The RPTNC and RPSMA were
also added specifically for wireless LAN customers. The
product offering of eSERIES for TFLEX-402 is shown in
Table 3.

Re-thinking the use of high performance flexible cable
and connector designs shows that semi-rigid cables may not
be the best choice in many demanding applications. The tra-
ditional semi-rigid cables may actually be increasing manu-
facturing costs, reducing design flexibility, increasing main-
tenance costs and impacting operational costs that could be
avoided in many cases with flexible cable options. l
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IEEE P1785: A Nrw
STANDARD FOR WAVEGUIDE
Asove 110 GHz

The Microwave Theory and Techniques Society (MTT-S) of the IEEE has
recently launched an activity to develop an international standard to define

waveguides used at frequencies of 110 GHz and above—specifically, rectangular

metallic waveguides. The standard’s Working Group (P1785) has already met
several times and is looking to define both the dimensions of the waveguides (and

associated frequency bands) and their interfaces (that is flanges).

There are many applications that are
presently being researched in the
high millimeter-wave/low terahertz
frequency range. These applications are sup-
porting many areas, including astronomy, re-
mote sensing, communications, radar systems
and homeland security. This standard is being
developed to make sure that all of these appli-
cations have a commonality and can interface
easily with other technologies that are being

developed.

FREQUENCY BANDS AND WAVEGUIDE
DIMENSIONS

To date, much of the work of the Working
Group has concentrated on establishing the
frequency bands and waveguide dimensions.
It was agreed early on that, for the waveguide
aperture, the ratio of the width to height of the
waveguide would be 2:1. The waveguide sizes
and frequency bands that have been chosen to
be included in the standard are shown in Ta-
ble 1.! The waveguides in the shaded region
of Table 1 correspond closely to waveguides
given in existing standards (References 2 and

3, for example). The main difference is that
the IEEE waveguide sizes are being specified
using metric units (that is micrometers, rather
than mils that were used, for example in Ref-
erence 2). The waveguides will also be named
according to their metric size: the letters WM
indicate that the size refers to waveguide using
metric dimensions, followed by a number in-
dicating the size (in micrometers) of the broad
wall dimension of the waveguide. For example,
WM-570 refers to a waveguide with a broad
wall dimension of 570 pm. Another differ-
ence with the IEEE standard is that it will use
tighter tolerances for specifying the critical
dimensions of the waveguide (that is those di-
mensions that directly affect electrical perfor-
mance).

N.M. RIDLER

National Physical Laboratory (NPL)
Teddington, UK

R.A. GINLEY

National Institute of Standards and
Technology (NIST), Boulder, CO
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For information, Table 2 gives a

TABLE | .
comparison between the new IEEE
PROPOSED FREQUENCY BANDS AND WAVEGUIDE DIMENSIONS FOR THE waveguide names! and the names
IEEE STANDARD of related waveguides in the exist-
Waveguide  Aperture  Aperture Cut-off Minimum Maximum ing MIL standard,® and the nearest
Name Width Height Frequency  Frequency  Frequency waveguides that have been proposed
(pm) (um) (GHz) (GHz) (GHz) previously to extend the MIL series of
: Je 4
WM-2540 2540 1270 50.014 75 110 waveguides.
The series of waveguides shown in
WM-2032 2032 1016 73.767 90 140 Table 1 have been chosen so that they
can be easily extended, when neces-
WM-1651 1651 825.5 90.790 110 170 . . .
sary, to cover higher frequencies. The
WM-1295 1295 6475 115.75 140 220 following  procedure should be fol-
lowed to extend the waveguide series:
WM-1092 1092 546 137.27 170 260 * Select a waveguide size from the
WM-864 864 432 173.49 220 330 unshaded region of Table 1;
¢ Divide the mechanical dimensions
WM-710 710 355 211.12 260 400 by 10;
* Multiply the frequency values by
WM-570 570 285 262.97 330 500 10’
S i o A o o * Rename the waveguide accord-
ingly.
WM-380 380 190 394.46 500 750 For example, the next two sizes in
this series (derived from WM-710 and
WM-310 310 155 483.53 600 900 WM-570) are shown in Table 3.
WM.250 950 195 59958 750 1100 The part of the standard covering
frequency bands and waveguide di-
WM-200 200 100 749.48 900 1400 mensions has now been drafted and is
likely to be circulated for public com-
U=llEs s & PR g 1700 ment in the coming few months.
WM-130 130 65 1153.0 1400 2200
WAVEGUIDE INTERFACES
WM-106 106 53 1414.1 1700 2600 The attention of the standard’s
Working Group is now turning to the
WM-86 86 43 1743.0 2200 3300 3 . S
waveguide interfaces, often called
TABLE Il
COMPARING THE IEEE['], MIL?l AND ‘EXTENDED’ MIL*] WAVEGUIDE NAMES
MIL New IEEE fmin fmax
name Name (GHz) (GHz)
WR-10 WM-2540 75 110
WR-08 WM-2032 90 140
WR-06 WM-1651 110 170
WR-05 WM-1295 140 220
WR-04 WM-1092 170 260
WR-03 WM-864 220 330
‘Extended MIL’ New IEEE fmin fmax
name Name (GHz) (GHz)
WR-2.8 WM-710 260 400
WR-2.2 WM-570 330 500
WR-1.9 WM-470 400 600
WR-1.5 WM-380 500 750
WR-1.2 WM-310 600 900
WR-1.0 WM-250 750 1100
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TABLE 1l

EXTENDED FREQUENCY BANDS AND WAVEGUIDE DIMENSIONS FOR THE IEEE STANDARD

Waveguide Name Aperture Width

Aperture Height Cut-off Frequency

Minimum Frequency Maximum Frequency

(1nm) (nm) (GHz) (GHz) (GHz)

WM-71 71 35.5 2111.2 2600 4000

WM-57 il 28.5 2629.7 3300 5000
being set up to investigate this matter CONCLUSION

A Fig. 1 A precision version of the so-called

“UG-387" flange, showing the two additional
dowel holes, immediately above and below the
rectangular waveguide aperture.

A Fig. 2 Ring-centered waveguide flange:
(a) with dowel holes and pins and (b) with
the coupling ring in place.

“flanges”. The Working Group is keen
to ensure that it considered all flange
designs that are used regularly at
these frequencies (that is at 110 GHz
and above). Therefore, a subgroup is

24

further. Advice is also being sought
from the entire millimeter- and sub-
millimeter-wave communities to help
identify any such candidate flange de-
signs. If you are aware of any flange
design that you consider should be in-
cluded in this standard, please contact
the authors of this article. The plan
is that the standard, when published,
will contain all appropriate flanges
that will be used routinely in this fre-
quency region.

For example, one such flange that
is likely to be considered for inclu-
sion in the standard is a precision ver-
sion of the MIL-F-3922-67D flange
(often called UG-387) that has been
described® and is shown in Figure
1. Compared to the conventional
UG-387 flange,5 this precision version
contains two additional alignment
dowel holes immediately above and
below the waveguide aperture. These
additional holes (and the associated
dowel pins) are specified to a tighter
dimensional tolerance than the dowel
holes and pins found on the conven-
tional UG-387 flange. This leads to
better mechanical alignment of the
waveguide interfaces and hence lower
electrical reflection from a mated pair
of flanges.

Another type of flange that is
likely to be considered for inclusion
in the standard is a newer design—
a ring-centered flange,” as shown in
Figure 2. This design is compatible
with both the UG-387 and preci-
sion UG-387 flange designs, but also
uses a coupling ring to significantly
improve the alignment of the flange
interfaces.

It is expected that the IEEE stan-
dard, when published, will contain
several flange designs, allowing end-
users (such as customers, suppliers,
etc.) to chose a design that best meets
their given requirements. The role of
the standard, in this context, is to pro-
vide the information needed for this
choice to be made reliably.

The IEEE is well on its way to pub-
lishing a standard for defining rectan-
gular metallic waveguides for use at
frequencies above 110 GHz. Already,
there are many applications emerging
for the use of this part of the electro-
magnetic spectrum—millimetre-wave,
submillimeter-wave, terahertz, etc.8
Therefore, the publication of this stan-
dard is timely, and should serve our in-
dustry well for many years to come. H

Nick  Ridler and Ron  Ginley are
chair and vice-chair, respective-
ly, of the EEE PI785 working group
(http://grouper.iece.org/group/1785).

.|
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HEADS

gainst a background of expansion of

the LTE network, worldwide opera-

tors are increasingly relying on am-
plifiers installed close to the antenna, known
as remote radio heads (RRH), especially for
smaller antenna systems mounted in towers or
on roofs. Previously, the transmission distance
between the RRH and the antenna was usually
bridged by % inch jumpers. However, opera-
tors have met with increased difficulties due to
the maximum allowable insertion loss of such
links, which is why the % inch jumpers have
been deemed to be unsuitable for certain cable
lengths. This is why the larger /s inch feeder
cables, which have better attenuation proper-
ties, often need to be used.

The downside is that their diameter is al-
most twice as large. This makes them rigid in
comparison to % inch jumpers and their rela-
tively large bending radius and high bending
torque are obstacles to easy installation, partic-
ularly on the last meter before the antenna or
the RRH. In reality, for installation purposes,
users have often had to resort to the far more

CABLES & CONNECTORS SUPPLEMENT

New HyBRrID JUMPER
FOR REMOTE RADIO

flexible % inch jumpers again, at least where
close-coupled connections need to be made.
However, this approach requires quite a lot
of effort to cut the 7/s inch feeder cables to
length on site, strip them and attach the neces-
sary connectors. Furthermore, assembling the
cables on site is critical, given that conditions
are not always ideal and that the RF param-
eters and durable resistance to environmental
influence are essential.

COMBINED BENEFITS

SPINNER has addressed these issues by of-
fering the market a product that combines the
benefits of both cable types, thus ensuring easy
assembly. The Hybrid Jumper features the
good attenuation performance of the feeder
cable as well as the desirable flexibility of the
jumper cable. The specifications for the Hy-
brid Jumper are shown in Table 1.

SPINNER GMBH

Miinchen, Germany
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TABLE |

SPECIFICATIONS OF THE HYBRID JUMPER

Ingress protection

Environmental Specification

Frequency range 380...470 | 698 ... 1710 ... 1990 | 2000 ... 2200 | 2200 ... 2700

(MHz) 960

VSWR 1.07 max. | 1.09 max 1.11 max 1.13 max 1.16 max.
1.05 typ. | 1.06 typ. 1.08 typ. 1.08 typ. 1.10 typ.

M3 = -160 dBc max./-165 dBc typ. (@ 2 X 43 dBm)

IP 68 (0.1 bar/24 hours/unmated)
IP 68 (1 bar/1 hour/mated)

Recommended
temperature range

Types (Extracted Examples)

-70°C to +85°C | -94°F to+185°F Storage
-40°C to +60°C | -40°F to+140°F Installation
-55°C to +85°C | -67°F to+185°F Operation

Article LF 7/8" | Assemply Nominal insertion loss @
Feeder weight
length “L” 800 MHz 1800 MHz 2700 MHz
Cable Sizes: SF 1/2" /LF 7/8"
Connectors: both ends 7-16 male
JF]-S12L78-7TM7M-6 4000 mm 29 kg | 0.36 dB 0.56 dB 0.72 dB
6.41b
JF]-S12L78-TMTM-8 6000 mm 3.9 kg | 0.42 dB 0.68 dB 0.86 dB
8.6 1b
JFJ-S12L78-TM7M-10 [ 8000 mm 4.9 kg | 0.50 dB 0.80 dB 1.00 dB
10.8 1b
JFJ-S12L78-7TM7M-12 | 10000 mm | 5.9 kg | 0.58 dB 0.92 dB 1.16 dB
13.0Ib
|
|
JUMPER LENGTH FEEDER LENGTH JUMPER LENGTH !
1000 mm “L" | «<——1000 mm —!

A Fig. 1 Cross-section of the make-up of SPINNER’s Hybrid Jumper.

20 TYPICAL MEASUREMENT Sy,
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A Fig. 2 Typical VSWR measurement

graph.

The newly designed Hybrid Jump-
er includes a /s inch feeder cable as
the main line, the length of which
can be freely determined. On each
end, it has a one meter long % inch
jumper that is assembled on the main
line with specially developed and op-
timized connection elements. Figure
1 shows the configuration. These con-
nection elements are tightly soldered
on the outer conductors of the cables,
thus ensuring high stability and excel-
lent intermodulation properties over
the whole service life and under any
environmental conditions.
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COMPLETE ASSEMBLED UNITS

The traditional approach has been
to join the feeder cable and jumper
with a combination of connector and
coupler, with at least one of them
(usually the connector of the feeder
cable) being assembled on site. In-
stead, the Hybrid Jumper is deliv-
ered as one completely assembled
unit that is ready for use. The transi-
tion points are exactly matched and
ensure superior VSWR values under
repeatable manufacturing conditions.
Typical measurements are shown in
Figure 2.

The Hybrid Jumper, as a complete
line, has an IM3 < -160 dBc, which
meets the stringent intermodulation
requirements of individual pre-assem-
bled % inch jumpers over the whole
service life. Furthermore, the cables
go through a 100 percent test before
dispatch; upon request the test log is
available to the customer. The prod-
uct also fully meets the requirements
of the IP68 protection rating, thus en-
suring resistance against environmen-
tal effects.

By harnessing the company’s tech-
nical competence and long-standing
experience in order to find the op-
timum solutions for its customers,
SPINNER’s new Hybrid Jumper is a
cable that is flexible where flexibility
is needed, while also featuring low
insertion loss. Repeatable manufac-
turing conditions and 100 percent
testing of all relevant technical pa-
rameters guarantee high operational
reliability. An additional benefit is
that complete pre-assembly makes
the Hybrid Jumper very easy to in-
stall and ready for immediate use.
It is currently available in standard
lengths from 6 to 12 m and special
lengths can be manufactured and
supplied upon request. Besides the
most common connector combina-
tion with 2 x 7-16 connectors, the
Hybrid Jumper is also available in the
standard version 7-16 connector/7-16
angled connector.

SPINNER GmbH,
Miinchen, Germany,

Tel: +49 (89) 12601-0,
info@spinner-group.com,

www.spinner-group.com.
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ompetition in the cellular industry

continues to drive the need to not only

attract but keep subscribers. However,
subscribers increasingly view cell service as a
commodity driven in part by laws requiring
cell phone numbers to be portable. Providers
attempt to differentiate themselves with new
services, but poor call reception remains a ma-
jor reason subscribers change providers so the
race to eliminate dropped calls remains a very
high priority.

Passive Intermodulation Distortion (PIM)
has been identified as a leading source of
dropped calls in cell systems; therefore, it is
understandable that providers view eliminating
PIM sources as a high priority. PIM concerns
have been raised for years, but are a relatively
recent cell test criteria and still not completely
understood by test technicians. Passive Inter-
modulation Distortion is caused by the pres-
ence of multiple transmit signals in a single
transmission line or other components. The
RF signals interact with each other at nonlin-
ear junctions and create unwanted signals at
frequencies that are the sum or difference of
the transmit frequencies. If these signals fall in
the receive band and are at high enough levels
they can interfere with call quality and cause
dropped calls. The levels that can cause prob-
lems in the receive band are more than 130 dB
below the level of the carrier signal meaning
that they can be generated by very small non-
linearities created by loose connections, the
presence of non-ferrous metals or other rea-
sons. They are difficult to measure and difficult

to find and fix.

CABLES & CONNECTORS SUPPLEMENT

BRAIDED OUTER-
coNDUCTOR Low PIM
TEST LEADS

Independent contractors report finding the
source of PIM frustratingly elusive and time
consuming. Identifying the root cause is many
times trial and error with a body of knowledge
being generated from individual experiences.
However, predicting the source in unique
situations remains a challenge. For example,
multiple systems now compete for space on
the same or nearby towers and high PIM lev-
els may only show up sporadically. The nearby
landscape may have changed. Metal grates or
large pieces of metal-encased equipment may
have been added to a rooftop generating unac-
ceptable PIM levels where none existed when
the system was deployed. Tower vibrations can
loosen any number of hundreds of connec-
tions. Individual components that exhibited ac-
ceptable PIM levels when first installed some-
times degrade with time, from antennas at the
top to lightning protection devices down to
internal radio components and jumpers. Even
temperature changes may contribute to poor
PIM performance.

Accepted practices to reduce PIM levels in-
clude using only non-ferrous metals and elimi-
nating nickel under-plating in components
used particularly in the transmit paths. Plat-
ing finishes must be smooth and are limited
to silver or preferably non-tarnishing tri-metal
(tin, copper, zinc). Reducing the number of
pressure contacts between two pieces of metal
within the primary RF path is desirable. When
metal-to-metal contact is required (usually in a

TIMES MICROWAVE SYSTEMS
Wallingford, CT
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Need output to equal input?
Choose Crystek RF Cables

Whether you need drop-in
replacements for standard
designs or a custom creation,
Crystek RF Cables assure you of
precision frequency management
from a test cable assembly. All
precision cable assemblies are
made in the U.S.A. by Crystek, a
leader in frequency solutions for
more than 50 years. Before
leaving the factory, each and every
cable is subjected to rigorous
i testing for electrical and
mechanical quality.

Choose Crystek RF Cables for
durable, precision performance ul
at a competitive price.

Low Signal Loss | In-Stock i DC to 40 GHz

| Find your ideal precision test AR B LS A RS2 IE401
cable at www.crystek.com ('("@ CRYSTEK
~ ~ o B MAICROWAYVE ~

www.crystek.com
Tel: B00.237.3061 » 239.561.3311

CTIA Wireless 2011 = Booth #BG2 IMS 2011 * Booth #325
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mated pair of connectors), clean, uni-
form, undamaged interfaces and high
contact pressure is crucial. Specific
torque values must be maintained.
For 7-16 connectors, 21 ft-1bs is re-
quired. This brings us to the issue of
how to get from the PIM tester to the
DUT without introducing additional
sources of PIM generated from the
test lead itself.

Corrugated cable is typically used
to achieve low PIM in the test lead.
This eliminates the countless contact
points found in the braided outer con-
ductor of flexible coax, but the trade
off is the lead can be difficult to handle
and tends to kink mid-span or break
more easily at the connector attach-
ment area. Flexible coax makers his-
torically have not focused on making
low PIM, long flex life cable regard-
less of the application because of the
high barrier to entry in this market.

By paying strict attention to the
braiding process and materials, Times
Microwave has developed several
cable designs that exhibit reasonable
flexibility, flex life and PIM perfor-
mance (see Figure 1). PIM perfor-

mance is better than -160 dBc at full
PIM test equipment RF power levels.
A three meter assembly exhibits ap-
proximately 1.25 dB of attenuation at
1 GHz. Drawing on its extensive ex-
perience supplying SilverLine-TG™
(TuffGrip) phase stable test cables for
cell site DTF measurements, Times
outfits SilverLine-LP™ (Low PIM)
products with a large armor and strain
relief system that is another industry
first. The armor withstands 1500 Ibs
per inch crush resistance. Connector
retention exceeds 500 Ibs. All pres-
sure contact areas are eliminated in
the assembly design in favor of full in-
duction soldering for both center and
outer conductors—not a trivial pro-
cess when the entire product is heav-
ily armored. As an added value, Times
offers a set of three low PIM adaptors
in a heavy duty protective nylon case
and a limited-time test lead refurbish-
ment program with every purchase of
SilverLine-LP (part number SLSO03-
7T6M76M-02.75MK).

SilverLine-LP flexible low PIM
test leads are also suitable for high vol-
ume production test. Beta site tests of

Antennas
Assemblies

Custom designs for critical data transmission

We design and build custom application-
specific antennas exceeding your electrical and
mechanical parameters. Our antenna specialists use
sophisticated simulation software and in-house testing
to optimize your antenna. And our vertical integration
allows us to use a wider range of materials in our North
American manufacturing facilities to deliver prototypes
and production volumes in shorter lead times.

The end result is a high performance antenna
designed and built just for your application and budget.

Give us a call at 888.267.1195
or visit SpecEMC.com.

~\ i
uperior
erformance-.
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Advanced Specialty
PRODUCTS

A Spectrum Controf Business
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PORT 1 REVERSE IM | MAX (dBm)  -124.33
C1AVG (dBm) 43.0 |AVG (dBm)  -125.94
C2 AVG (dBm)  42.9 | STD DEV (dB) 0.54
TX1 (MHz) 935.0
TX2 (MHz) 960.0

-100.00
& -12000
= S
= -140.00
a.
-160.00
22 84 140 208 210 332
TIME (Sec)

A Fig. 1 Typical PIM performance.

SilverLine-LP with a maker of cellular
antennas show SilverLine-LP lasts for
up to six months in regular production
use. As with any high performance
test lead it is recommended to flex
the product as little as possible for the
longest life.

PIM testing also requires a PIM
load suitable for the application. For
tower testing, the most popular load
on the market today is designed pri-
marily for weight savings. If left under
full power, it burns out quickly. Other
designs that can handle full power are
extremely heavy and cumbersome.
Times portable PIM loads strike the
ideal balance between weight (ap-
proximately three lbs) and full power
handling. Times part number 67019
can handle full test equipment out-
put power continuously for as long as
is needed to troubleshoot a system. It
comes equipped with both male and
female 7-16 connectors eliminating
the need for adaptors under certain
test conditions or jumper configura-
tions. Metal protective  connector
caps secured with metal chains, a
frame-mounted lanyard loop, heavy-
duty protective nylon case and wide
wrench flats to assure proper torque
are standard features not found in
competing products.

For production or lab environ-
ments, Times also offers part number
67020 bench PIM load. The com-
pany’s bench model includes similar
features to the portable model with
the addition of an easy-to-use folding
handle. For those more comfortable
with traditional corrugated test leads,
Times offers part number SLCORO03-
T6MT76M-03.00M, 3/8" super flex cor-
rugated cable test leads.

Times Microwave Systems,
Wallingford, CT
(800) 867-2629,

www.timesmicrowave.com.
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CELEBRATING 10 YEARS OF
QUALITY, PERFORMANCE AND RELIABILITY
IN PRECISION COAXIAL CONNECTORS

EDGE LAUNCH BETWEEN SERIES _ BULKHEAD, & PANEL
CONNECTORS _ ADAPTERS 1 ADARTERS

ADAPTERS . CABLE CONNECTORS . RECEPTACLES . CUSTOM DESIGNS

Including These Connector Series

1.85mm DC-65 GHz | 2.92mm DC-40 GHz | 7mm DC-18 GHz
2.4mm DC-50 GHz | 3.5mm DC-34 GHz | SSMA DC-40 GHz

ISO 9001:2008

SGMC Microwave — The name to count on for Quality, Performance
and Reliability! Please contact us today by Phone, Fax or Email.

SCMCELA

"MICROWAVE

Manufacturer of Precision Coaxial Connectors
4343 Fortune Place, Suite A, West Melbourne, FL 32904
Phone: 321-409-0509 Fax: 321-409-0510
sales@sgmcmicrowave.com
WWW.sgmcmicrowave.com
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Test Probes - Test Fixtures

— APEX, Las Vegas
— IEEE IMS, Baltimore

— SEMICON West, San Francisco

— EuMW, Manchester (UK)
— Productronica, Munich

]

Everything for your quality

Being the technology leader we support our radio-
frequency customers in regard to know-how, experience
and spirit of research. From the development and manu-
facturing through to global sales — our motto is “Quality
through Precision”. With our constantly increasing
assortment of variants of RF-Probes we enable our
customers ideal measuring of RF signals. Contact with us!

(from|. tor.)

Reginald Rudd, Export Manager

Matthias Zapatka, RF Manager

Katarzyna Dabkowski, Manual Probe Assembly

Klaus Koénig, Design Engineering/Technical Consulting

ingun Prifmittelbau GmbH
Max-Stromeyer-Strafe 162 | 78467 Konstanz | Germany
Tel. +49 7531 8105-0 | info@ingun.com | www.ingun.com

32

CABLES & CONNECTORS

SUPPLEMENT
LIGHTER-WEIGHT

RG CoaxiaL
CABLE

L. Gore & Associates has introduced a new,
s ; s / lighter-weight RG coaxial cable for aircraft com-
munication and navigation systems, providing sig-
nificant weight savings without compromising performance.
When compared to standard RG coaxial cables, these new
cables reduce operating costs because they are over 25%
lighter and the diameter is more than 15% smaller. This
smaller and lighter profile coaxial cable still meets the
stringent electrical and mechanical requirements of MIL-
T-81790 and EN 3475-503. The cables engineered for elec-
trical impedance of 50 and 75 Q also exceed the electrical
requirements of MIL-C-17G.

Although weight is a crucial factor for the aerospace
industry, the performance of cables cannot be compro-
mised to reduce mass. Gore’s experience in developing
fluoropolymer-based materials for the rugged environ-
ments encountered by aircraft has enabled them to consis-
tently deliver high-performance, light-weight cables that
meet RG specifications. These new lightweight RG coaxial
cables are ideally suited for both newly designed systems
and retrofit applications because their standard range of
RF connectors can be terminated using standard tooling
and processes.

The special cable design of Gore’s new RG coaxial ca-
bles facilitates easier routing and improved abrasion resis-
tance for the cables. The unique jacketing material used
in the cable’s construction significantly reduces size while
maintaining shielding effectiveness, controlling imped-

ance and withstanding operating temperatures ranging
from -65° to 150°C.

W.L. Gore & Associates Inc.,
Landenberg, PA,
www.gore.com/aerospace.
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The Most Comprehensive Line of
High Performance, Low Loss Cable,
Connectors & Cable Assemblies

Dynawave has earned

RF MICROWAVE CONNECTORS
SMP - 40GHz 1.85mm - 65GHz
SMPM - 50GHz Type N - 18GHz
SMPSM - 60GHz TNC - 18GHz
SMA - 26.5GHz In Series Adapters
SSMA - 46GHz =l
wn-sssom Bl
BMAM - 38GHz

2.92mm - 40GHz

2.4mm - 50GHz

F‘.ﬁ
@& WWW.DYNAWAVE.COM
e 978 469-0555
i

espect over the past 25 years by solving the most
challenging interconnect problems where size, weight, power, loss, phase stability,
flexure and other design concerns are critical. %

With the expanded talent, experience and capabilities of Dynawave Cable in the -
design & manufacturing of low loss, RF/MW cable, together, we can address a W
broader range of interconnect needs in an extremely cost effective manner.

A @l W Please contact us with your application, and allow us to provide you a precise solution:

INCORPORATED

Ya %, gynauave,
af"

LOW LOSS CABLE .
DynaFlex® Series: D-Flex™ - 18GHz e

Series DF 100 D-Flex™ Microporous - 40GHz (2 b
Best All Around Cable Assemblies - 65GHz M

Performance” Sermi-ricid Cab
. emi-rigid Cable -\
Series DF 200 Assemblies - 65GHz L ——

“Best Phase/Loss
' "

Performance”

Series DF 300
“Best Weight Performance”

Series DF 400

“Best Flexure Performance”

WWW.DYNAWAVECABLE.COM
978 469-9448

dyunawave, S

CABLE INCORPORATED c-'-:r

’
J Dynawave Incorporated | 135 Ward Hill Avenue | P.O. Box 8224, Haverhill, MA 01835 | Tel (978) 469-0555 | Fax (978) 521-4589 | sales@dynawave.com

1S0 9001 : 2008. Certificate No. 10002306 QM08
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rystek has ruggedized its L1142
Clow-loss RF cable assemblies

by incorporating a spiraled
stainless steel casing, along with extra
fortification provided by heavy-duty
adhesive strain relief with a Neoprene
jacket. This added measure of protec-
tion eliminates the failures commonly
caused by cable flexion and compres-

SPINNER || [R)YY

P,

ARMORED FAMILY OF
18 GHz Low-Loss
CABLE ASSEMBLIES

sion. At 18 GHz, the new Armored
LL142 assemblies feature attenuation
of 0.36 dB/ft and VSWR characteristics
of <1.3.

Crystek’s Armored LL142 Series
cables offer shielding effectiveness of
greater than -110 dB with an operating
temperature range of -55° to +85°C
(extended range of -55° to +125°C
available through special order). The
cables feature rugged stainless-steel
solder-clamp construction and a mini-
mum bend radius of 1.5 inches with
minimal spring-back. The Armored
L1142 Series cables are available in
four standard lengths—24, 36, 48 and
60 inches—with SMA male to SMA
male connectors. Custom lengths

BRIDJUMERER

® Good attenuation properties of a LF7/8" feeder

= High flexibility of a SF1/2" jumper .
® Qutstanding IM performance of -165 dBc typ. _,/
B Protection class IP68 over full service lifetime /

= Completely assembled, 100 per cent tested #
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and configurations (Type N and TNC
connectors) and electrically matched
pairs are also available.

Crystek has been providing fre-
quency products since 1958 and op-
erates two divisions dedicated to fre-
quency control. Crystek Crystals and
Crystek Microwave are dedicated to
the development and manufacture of
frequency products using quartz-based
resonators and frequency control prod-
ucts for the microwave industry.

Crystek Corp.,

Ft. Myers, FL

(800) 237-3061,
sales@crystek.com,

www.crystek.com.

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, USA, China
and Brazil the SPINNER Group
now has over 1,300 employees
worldwide.

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

AN

SPINNER
) -
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Available for shipment within 24
hours from receipt of your order.

minibend’
CABLE ASSEMBLIES

minibend® SMA plug to SMA plug cable assemblies
(3” to 16”) are now available for shipment within 24
hours from receipt of your order. Astrolab’s expedited
shipping is available for all orders up to 100 cable
assemblies. Varying lengths can be ordered in any
combination to achieve the best quantity discount.

Astrolab’s patented minibend® cable assemblies
provide an excellent commercial-off-the-shelf (COTS)
solution for your cable assembly needs. The perfect
low profile design solution for making point-to-point
interconnections between RF modules. minibend®
cable assemblies are readily integrated into virtually
any commercial, military, or space application.

minibend® cable assemblies are engineered to
meet or exceed applicable industry and military
standards. They’re triple shielded, bend-to-the-end
and easily outperform competitive semi-rigid or
semi-flex cable. All minibend® assemblies are 100%
tested and are superior replacements for custom
pre-formed semi-rigid cables.

If your company uses RF cables, you need to talk

to us. We’ll work with you to supply a minibend®
solution that will deliver proven superior performance.
Contact our customer service department to
experience the minibend® difference.

ASTROLAB .

Tel: 732.560.3800
Email: sales@astrolab.com
www.astrolab.com

© 2009 Astrolab, Inc. Patented — US Patent Office. Astrolab is a registered trademark of Astrolab, Inc. All rights reserved.
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Product Brochure

Amphenol RF introduced its
latest innovation, the Mini
Lock 7 (ML7) RF connec-
tor for wireless infrastructure
markets. The ML7 combines
proven advantages of the

1 7/16 interface with a new, low

torque, quick coupling mecha-
nism that speeds installation
and reduces connector size up
to 25 percent while delivering
the same high performance
quality and electrical per-
formance users expect from
Amphenol RF products. The

MLT: lower costs and improved performance from the leader in

RF technology.
Amphenol RF,

Danbury, CT (800) 627-7100, www.amphenolrf.com.

Praduct Catalog

Astrolab Inc.,

Product Catalog

This brochure features the com-
panys SMPM-T, the smallest
threaded open source connec-
tor on the market. Its unique
and innovative combination of a
MIL-STD-348 SMPM Female
Interface connector together
with a retractable threaded nut
provides an integrated solution
offering unprecedented elec-
trical and mechanical perfor-
mance.

Warren, NJ (732) 560-3800, www.astrolab.com.

'
i

.SV CRYSTEK

CORPORATION

Frequency Control
Solutions

Crystek specializes in pro-
viding high frequency, low-
phase-noise solutions to the
microwave and RF wireless in-
dustries. Crystek’s custom en-
gineering solutions, manufac-
turing capabilities and quality
control have been unmatched
in the industry. The Crystek
frequency control lineup fea-
tures VCOs, VCXOs, PLLs,
XOs, TCXOs and quartz crys-
tals, along with a full line of

accessories such as RF coax cable assemblies, attenuators and

filters.

Crystek,

Fort Myers, FL (239) 561-3311, www.crystek.com.
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Coaxial Connectors

Anoison Electronics offers a
full range of QUICK LOCK
coaxial connectors in three
series: QMA, Mini-QMA and
HPQN. The QMA offers com-
- parable electrical performance
i to an SMA, DC to 18 GHz,

The Mext Ganeration of

Quick Lock Connectors

“Mink-aMa L
“HaN and is inherently waterproof

to IP 68. The Mini-QMA of-
fers the same advantages of the
QMA in a smaller package. The
HPON is designed to replace
N connectors, where a quick
connect/disconnect application
is desired, DC to 18 GHz.

Anoison Electronics LLC,
Portsmouth, NH (603) 431-1414, www.anoison.com.

Corporate
Capabilities
Brochure
JVENDORVIEW

This Carlisle Interconnect
Technologies brochure is a
high level overview of all the
company offers as a global
provider of RF/microwave,
specialty and filtered connectors, cable/cable assemblies, complex
harnesses, integrated installation kits and ARINC trays, racks and
shelf assemblies, to engineering/certification services with DER,
DAR and DMIR personnel on staff.

Carlisle Interconnect Technologies,
St. Augustine, FL (800) 458-9960, www.CarlisleIT.com.

Product Brochure

To assist customers who have
aneed to streamline their sup-
ply chain and logistics, Delta
Electronics Manufactur-
ing now offers a broad range
of coaxial cable assemblies
and other connector-relat-
ed, value-added component
subassemblies. Delta’s cable
assemblies, incorporating
flexible, semi-rigid and hand-
formable cables, range in size
from micro-miniature to large,
high-power types. They cover
the spectrum of market needs
from high volume, low cost assemblies to high performance, low
volume categories.

And Value
Added Services

Delta Electronics Manufacturing Corp.,
Beverly, MA (978) 927-1060, www.deltarf.com.
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High Speed Digital
Tesag Sophie

HUBER+SUHNER,

High Speed Digital
Testing Solutions
HUBER+SUIHINER is of-
fering a broad range of high
end RF test components and
assemblies developed and op-
timized for high speed digital
testing. These products stand
for highest density, lowest loss
and highest performance coax-
ial-to-PCB transitions and ca-
bling solutions. The solutions
include extensive technical
support, libraries of 3D-files,
electrical modelling data and
customer  specific optimized
footprints.

Herisau, Switzerland, info@hubersuhner.com.

MIcable Inc.

Micable Inc.,

MAURY

VRA Colibration Kits,
Microwmswn Componmnts
E Adaptors

Maury Microwave Corp.,

Product Catalog

This 204-page catalog covers
the entire Maury Metrology-
Grade Precision Calibration
Standards product line, in-
cluding coaxial and waveguide
VNA calibration kits, opens,
shorts, loads, coaxial adapters,
waveguide-to-coaxial adapters,
coaxial connectors and cables,
connector gage kits, torque
wrenches and manual tuners.
It is available in the original
2006 printed edition, and as
a revised and updated 2010
PDF edition that can be down-
loaded from the Maury web-
site at: www.maurvmw.com.

Ontario, CA (909) 987-4715, www.maurymw.com.

Product Catalog

MIcable Inc. produces a wide
variety of high quality coaxial
cable assemblies with flexible,
conformable, and semi-rigid
cable and customer specified
connectors. The company of-
fers prototypes or volume
quantities, all fully tested up
to 40 GHz and delivered on
time. The product brochure
highlights a few of the compa-
ny’s products along with pro-
viding performance data. For
more information, call 86-591-
87382855 or e-mail: sales@

micable.cn.

Fuzhou, Fujian, China +86-591-8738 2855, www.micable.cn.
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Coaxial Connectors
and Cable Assemblies
VENDORVIEW

The brochure features several
innovative high performance
designs, including: S292™

| connectors offering VSWR of

<1.18 through 40 GHz; solder-
free Type N right angle adapt-
ers; Type N panel receptacles
featuring rugged single piece
body construction; eSMA™
cable assemblies that replace
semi-rigid;  field-replaceable
SMAs that minimize loss from

DC to 26.5 GHz; and a 7/16 panel receptacle featuring -175 dBc

intermodulation.

San-tron Inc.,

Ipswich, MA (978) 356-1585, www.santron.com.
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HMinl-Circuits

IF/RF Microwave
Signal Processing
Components Guide
\JVENDORVIEW

Mini-Circuits’ new 164-page
catalog includes over 750 new
products and is the industry’s
most comprehensive listing of
RF/AF and microwave com-
ponents and subsystems with
more than 4100 products and
over 25 product lines, including
state-of-the-art amplifiers, mix-
ers, VCOs, synthesizers, filters,
test accessories and USB Power

Sensors. Mini-Circuits” website provides additional data, applica-
tion notes, design tools and its powerful YONI search engine, which
searches actual test data on over thousands of units.

Mini-Circuits,

Brooklyn, NY (718) 934-4500, www.minicircuits.com.

Spectrum Elektrotechnik GmbH,

Cable Assembly
Handbook

The companys new Cable
Assembly Handbook will be
available shortly. The com-
pany has been designing and
manufacturing coaxial cable
assemblies for 30 years. Spec-
trum has a complete RF and
microwave design capability,
developing and manufactur-
ing 100 percent in-house the
wide range of connectors for
its cable assemblies and offers
customized solutions.

Munich, Germany +49 89 3548 040, www.spectrum-et.org.
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Hand Flex Cables

$ 69\\\5‘00\
from ea. (qty-1-9)/DC TO 18 GHZ

Need the performance of a semi-rigid cable, but the versatility of a
flexible assembly? Mini-Circuits has the solution: Hand Flex™ Cables. Like
semi-rigid cables, they are mechanically and electrically stable. But unlike
semi-rigid assemblies, Hand Flex cables can be shaped by hand to quickly
form the configuration you need in your assembly, system, or test rack.
Hand Flex cables are available in popular semi-rigid cable diameters,
0.086 and 0.141", with SMA connectors for applications from DC to 18
GHz. They feature low insertion loss—typically 0.2 dB at 9 GHz for a 3-inch
cable—with excellent return loss. Simplify your high-frequency
connections. Low-cost Hand Flex cables are available now in standard
lengths from 3"to 24", or order the KHFC-1+ Designer’s Kit with 10 Hand Flex
cable assemblies, five each of 0.141-and 0.086" diameter 3" long cables.

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

conforms to any shape required.

Frequency Range: DC-18 GHz Impedance: 50 ohms ORoHs compliant
Models

141"
Diameter

141
141
141

141
141

141
141

141
141
141

141
141
141

-3SM+
-4SM+
-5SM+

-6SM+
-7SM+

-8SM+
-9SM+

-10SM+
-12SM+
-14SM+

-15SM+
-18SM+
-24SM+

Diameter

086-3SM+
086-4SM+
086-5SM+

086-6SM+
086-7SM+

086-8SM+
086-9SM+

086-10SM+
086-12SM+
086-14SM+

086-15SM+
086-18SM+
086-24SM+

KHFC-1+

[JMini-Circuits’

1SO 9001 ISO 14001 AS 9100 CERTIFIED

—® P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
@;’2 The Design Engineers Search Engine finds the model you need, Instantly + For detailed performance specs & shopping online see

U.S. patent 7739260 IF/RF MICROWAVE COMPONENTS

Length
(inches)

Male to Male

Insertion Loss
(dB)

Midband Typ.

Return Loss
(dB)

Midband Typ.
38
35
37

39
37
38
38
37
38
37

37
37
37

minicircuits.coE:

Price
$ea.

Qty.(1-9)
8.69

482 Rev. Orig.
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Product Catalog

The next generation in min-
iature connectors and SV Mi-
crowave’s RFffortless family
is the SMPS. The SMPS se-
ries is capable of frequencies
exceeding 100 GHz. Being
30 percent smaller than the
SMPM, the SMPS is ideal for

Short Form Catalog

This new short form catalog
presents an overview of Tele-
dyne Storm Products” micro-
wave cable assembly lines, as
well as its manufacturing and
test & measurement capabili-
ties for build-to-print assem-
blies, and its multi-channel

microwave harness solutions.
This Line Card can be viewed
or downloaded at www.tele-

dynestorm.com; click on the

Resource Center link.

multiport and board to board
applications.

SV Microwave, Teledyne Storm Products,
West Palm Beach, FL (561) 840-1800, www.svmicrowave.com. Woodridge, IL (630) 754-3300, www.teledynestorm.com.

Ff'-:lsE-Tr-:u;lli:" Product Brochure wr & s niemsinects | RF and Microwave

PhaseTrack II™ is a signifi- - f 'R Y Interconnects

cant breakthrough in- coaxial t-_ -J- TRU Corp. has created a short
cable technology. PhaseTrack 3 o ey form capability catalog that
il 1i91b?153{)1101¥he unl\l/ilu@ ther- t £ outlines a wide variety of RF
mally stable Times Microwave _ﬁ" and microwave interconnect
S}/stems. proprietary TFST.M . @ | solutions. The catalog utilizes
dielectric material. A propri- . -B A :{%A easy to use matrices to specify

. : " b !
etary engineered material and . 1 TRU brand cable and con-

dielectric the most stable di- general purpose, commercial

process combine to make TF5 ﬂ @ W oo nector interface options for

electric material available, vir- ! '“}?\ wireless and high performance
tually eliminating the changes 2 test cable assemblies. A com-
of phase with temperature - ‘== | plete outline of RF receptacle
characteristic of other high Sy —— design options as well as a full
performance expanded PTFE dielectric flexible RF and micro- range of precision test and quick change adapters are included.

wave coaxial cable assemblies. This capability catalog discusses additional application driven de-

sign capabilities available from TRU Corp.

Times Microwave Systems, TRU Corp.,
Wiallingford, CT (203) 949-8400, www.timesmicrowave.com. Peabody, MA (978) 532-0775, www.trucorporation.com.

IMS2011 Baltimore MR

June 5 - 10, 2011

Look for Microwave Journal's upcoming coverage of the IEEE MTT-S International Microwave Symposium:

Annual MTT-5 IMS May Show |ssue

Live web coverage and social media

Dedicated show newsletters

MicroAPPS Forum on Nonlinear Measurements

Visit www.mwjournal.com for more details!
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‘S‘L Frontlynk:

Connectors and Cables up to

Great Performance
Mass Customization
Fast Delivery

ight in Taiwan

FRONTLYNK TECHNOLOGIES INC.

RF / Microwave Coaxial Connectors & Cable Assembly ‘[{l
Tel: +886-6-356-2626 Fax: +886-6-356-6268 1.0 mm SMPM _
http: waw frontlynk.com E-mail: a}'nfo cﬁf?pmlynk com i

High Frequency
_ur%w#ﬁ” e I
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Microwave Product
Marketers Make the
Right Connections
in the Journal

Shortly into their date, Selma realized
Ned was not her type.

With the industry’s largest circulation,
reaching the design engineers and engi-
neering managers who make the purchas-
ing decisions within their organizations,
connect with your target audience by
advertising in Microwave Journal.

Journal

Frequency Matters.

Contact your sales representative for details

42
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MILITARY, AEROSPACE & AVIONICS

-

Complete RF/Microwave Solutions

Carlisle's high performance connectors, cables and assemblies encompass a wide selection
of sizes, materials and operating frequencies. Contact us for a comprehensive list of
product offerings er custom solutions to meet YOUR unique application needs.

« Our SMP and SSMP® products provide superh isolation and performance and are excellent choices for high frequency, small form factor connectors and assemblies.

« Swept Right Angles allow for superior performance in a tighter package and reduce shock or vibration failures that mitered right angles or semi-rigid assemblies incur.
« Phase Adjusters - Our family of precision coaxial phase adjusters is ideally suited for Electronically Scanned Arrays (ESAs) and other military and space applications.

« AccuPhase™ low loss phase stable flexihle assemblies are optimal for any application where performance and stahility at higher frequency ranges is critical.

« HDRFI® assemblies provide designers the ahility to gang multiple RF contacts into a small area and reduce stubhing, especially in blind mate applicatians.

phone 866.282.4708 ~ For more information visit
email rf@CarlislelT.com |mn¢unnnmu¢nuumms www.CarlislelT.com

Tensolte JERRIK ESS I =DM
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Value Added and ¢
Cable Assemblies

Now you can rely on Delta, a source of high-quality RF connectors for over fifty years, for
all of your cable assembly needs, as well as other connector-related value-added products:

* Flexible and semi-rigid cable assemblies from high-volume, low-cost to sophisticated
high-frequency types, using our fully automated cutting and stripping equipment
for consistent and repetitive quality results. Short order quantities as well as volume
production globally, from our manufacturing sites in the USA, Taiwan and China.

* One-piece body designs to support attenuator housing needs. s
e Transmission line and antenna assemblies; other RF related subassemblies. i

* Our new state-of-the-art, fully automated electroplating facility (NADCAP
certification in process) is designed to serve all your plating requirements for RF
components—not just connectors. Advanced plating software and in-house X-ray
capabilities assures your plating specifications are consistently achieved.
(Complementary processes such as vapor degreasing and contact crimping /
pretinning are also available.) More information, including plating types and

specifications, at www.deltaelectroplating.com __ ..

Let us be your “one-stop-shop” for adding value to
your supply chain. -, et

DELTA

£LECTRONICS MFG. CORP.
—Connect Here,
Delta Electronics Mfg. Corp.
Tel: (978) 927-1060 e Fax: (978) 922-6430
P.O. Box 53 » 416 Cabot St.
Beverly, MA 01915 USA

OURWELSILEIGHIENS thENUNIGUE

ASSembIyADESIgHErto o] e assist wi _
dlilyeurscablerassembly needs: S : 1 DEL A
e1e ai

Lype, connectors, &
ofanuNmarkeRrequirement: MICROWAVE ELECTRONICS :
ClichatorseEndtheREQIEo) US; \Cormect Here.

&' Delta Microwave Electronics (Nanjing) Co., Ltd.

Tel: +86 25 84195408 ¢ Fax: +86 25 84195407
No. 9 Tianquan Road, Qilin Industrial Park (South Zone),
Tangshan Street, Jiangning District, Nanjing 211135, China

, U ommm REHS EomeEs
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