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(57) ABSTRACT

Apparatus and method for trapping RF on shields of a
multiply shielded RF cable. In some embodiments, the RF
trap shorts an outer conductor shield to an inner shield
conductor of the cable successively at selected locations
along an end length of the shield conductors. Some embodi-
ments provide an RF-trap apparatus for blocking stray
signals on a shielded RF cable that has two or more
concentric peripheral shield conductors separated from one
another by one or more electrically insulating layers, and at
least one inner conductor for carrying RF signals. The RF
trap apparatus includes: a first housing; and a plurality of
projections configured be coupled to the first housing and to
move to selectively electrically connect an outer shield
conductor to an inner shield conductor by a pierce operation
on the shielded RF cable.
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SNAP-ON TRIAXTAL CABLE BALUN AND
METHOD FOR TUNED TRAPPING OF RF
CURRENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority benefit, under 35 U.S.C.
§ 119(e), of U.S. Provisional Patent Application 62/715,538,
filed Aug. 7, 2018 by Matthew T. Waks and titled “Snap-on
triaxial cable balun and method for tuned trapping of RF
current,” which is incorporated herein by reference in its
entirety.

This application is related to U.S. patent application Ser.
No. 15/363,852 filed on Nov. 29, 2016 by Matthew T. Waks
et al., titled “BALUN FOR TRAPPING RF CURRENT ON
A TRANSMISSION LINE” (which issued as U.S. Pat. No.
10,200,006 on Feb. 5, 2019), which is a divisional of U.S.
patent application Ser. No. 15/000,796 filed on Jan. 19, 2016
by Matthew T. Waks et al., titled “METHOD AND BALUN
FOR TRAPPING RF CURRENT ON A TRANSMISSION
LINE AFTER INSTALLATION” (which issued as U.S. Pat.
No. 9,509,271 on Nov. 29, 2016), which is a divisional of
U.S. patent application Ser. No. 14/881,154 filed on Oct. 13,
2015 by Matthew T. Waks et al, titled “SNAP-ON
COAXIAL CABLE BALUN AND METHOD FOR TRAP-
PING RF CURRENT ON OUTSIDE SHIELD OF COAX
AFTER INSTALLATION” (which issued as U.S. Pat. No.
9,240,765 on Jan. 19, 2016), which is a divisional of U.S.
patent application Ser. No. 13/831,752 filed on Mar. 15,
2013 by Matthew T. Waks et al, titled “SNAP-ON
COAXIAL CABLE BALUN AND METHOD FOR TRAP-
PING RF CURRENT ON OUTSIDE SHIELD OF COAX
AFTER INSTALLATION” (which issued as U.S. Pat. No.
9,160,295 on Oct. 13, 2015), each of which is incorporated
herein by reference in its entirety.

FIELD OF THE INVENTION

This invention relates to the field of radio-frequency
balance/unbalance (“balun”) circuitry and more specifically
to a method and RF-trap apparatus that can be built-on
before the cable is terminated, affixed or soldered to a
termination (such as an end connector, radio-frequency (RF)
antenna or magnetic-resonance imaging (MRI) coil), or can
be attached and/or fabricated to an installed triaxial cable
from a side rather than from over an end at the termination,
and, in some embodiments, can be adjusted for the cable’s
electrical characteristics once the cable is electrically and/or
mechanically attached to the termination.

BACKGROUND OF THE INVENTION

As used herein, the term “balun” refers to a radio-
frequency (RF) cable trap that blocks stray RF current from
flowing on the outside of shield conductors of coaxial RF
cables.

U.S. Pat. No. 9,160,295 to Waks et al. issued on Oct. 13,
2015 with the title “SNAP-ON COAXIAL CABLE BALUN
AND METHOD FOR TRAPPING RF CURRENT ON
OUTSIDE SHIELD OF COAX AFTER INSTALLATION”
and is incorporated herein by reference. U.S. Pat. No.
9,160,295 describes an apparatus and method for a radially
attachable radio-frequency (RF) trap attached from a side to
a shielded coax cable. In some embodiments, the RF trap
creates a high impedance on the outer shield of the RF cable
at a frequency of RF signals carried on at least one inner
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conductor of the cable. In some embodiments, an RF-trap
apparatus for blocking stray signals on a shielded RF cable
that has a peripheral shield conductor and an inner conductor
for carrying RF signals includes: a case; an LC circuit
having a resonance frequency equal to RF signals carried on
the inner conductor; projections that pierce and connect the
LC circuit to the shield conductor; and an attachment device
that holds the case to the cable with the LC circuit electri-
cally connected to the shield conductor of the shielded RF
cable.

U.S. Pat. No. 6,605,775 to Seeber et al. issued Aug. 12,
2003 with the title “FLOATING RADIO FREQUENCY
TRAP FOR SHIELD CURRENTS” and is incorporated
herein by reference. Seeber et al. describe a floating shield
current trap that provides first and second concentric tubular
conductors electrically connected to provide a resonance-
induced high impedance of current flow in a path consisting
of the inner and outer conductors and their junctions thereby
suppressing coupled current flow on a shield of a conductor
contained within the first inner tubular conductor.

U.S. Pat. No. 6,664,465 to Seeber issued Dec. 16, 2003
with the title “Tuning system for floating radio frequency
trap” and is incorporated herein by reference. Seeber
describes a floating shield current trap provides two reso-
nance loops formed of split concentric tubular conductors
joined radially at their axial ends. Adjustment of the sepa-
ration of these loops provides a change in coupling between
the loops effecting a simplified tuning of the resonance of the
trap for different expected frequencies of interfering shield
current.

U.S. Pat. No. 6,593,744 to Burl et al. issued Jul. 15, 2003
with the title “Multi-channel RF cable trap for magnetic
resonance apparatus” and is incorporated herein by refer-
ence. Burl et al. describe a multi-channel RF cable trap that
blocks stray RF current from flowing on shield conductors
of coaxial RF cables of a magnetic resonance apparatus. An
inductor is formed by a curved semi-rigid trough constructed
of an insulating material coated with an electrically con-
ducting layer. Preferably, the inductor and the cable follow
an “S”-shaped path to facilitate good electromagnetic cou-
pling. The RF cables are laid in the trough and the shield
conductors inductively couple with the inductor. A capacitor
and optional trim capacitor are connected across the trough
of the inductor to form a resonant LC circuit tuned to the
resonance frequency. The LC circuit inductively couples
with the shield conductors to present a signal-attenuating
high impedance at the resonance frequency. The resonant
circuit is preferably contained in an RF-shielding box with
removable lid.

Conventional electrical components that permitted one to
vary resistance, inductance, and/or capacitance under elec-
trical control typically have somewhat limited component
values available and are not compatible with being located
in high fields (e.g., the fields of 1 tesla or more that are
typically found in high-energy physics experiments such as
the $9-billion Large Hadron Collider that has been 20 years
in making and is still being modified to be able to operate).

Low-power circuits can use varactors (electrically vari-
able capacitors), field-effect transistors (used as variable
gain elements or variable resistors) and like components that
are directly electrically-adjustable, for use in adjusting fre-
quency, impedance or other circuit characteristics and
parameters, however such components are often unsuitable
or inoperative in high fields.

U.S. Pat. No. 6,495,069 issued Dec. 17,2002 to Lussey et
al. with the title “Polymer composition™ and is incorporated
herein by reference. Lussey et al. describe a polymer com-
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position comprises at least one substantially non-conductive
polymer and at least one electrically conductive filler and in
the form of granules. Their elastomer material was proposed
for devices for controlling or switching electric current, to
avoid or limit disadvantages such as the generation of
transients and sparks which are associated with the actuation
of conventional mechanical switches. They described an
electrical conductor composite providing conduction when
subjected to mechanical stress or electrostatic charge but
electrically insulating when quiescent comprising a granular
composition each granule of which comprises at least one
substantially non-conductive polymer and at least one elec-
trically conductive filler and is electrically insulating when
quiescent but conductive when subjected to mechanical
stress. They did not propose a means for electrically acti-
vating such switches.

U.S. Pat. No. 8,299,681 to Snyder, Vaughan and Lemaire
issued Oct. 30, 2012 with the title “Remotely adjustable
reactive and resistive electrical elements and method” and is
incorporated herein by reference. Snyder, Vaughan and
Lemaire describe an apparatus and method that includes
providing a variable-parameter electrical component in a
high-field environment and based on an electrical signal,
automatically moving a movable portion of the electrical
component in relation to another portion of the electrical
component to vary at least one of its parameters. In some
embodiments, the moving uses a mechanical movement
device (e.g., a linear positioner, rotary motor, or pump). In
some embodiments of the method, the electrical component
has a variable inductance, capacitance, and/or resistance.
Some embodiments include using a computer that controls
the moving of the movable portion of the electrical compo-
nent in order to vary an electrical parameter of the electrical
component. Some embodiments include using a feedback
signal to provide feedback control in order to adjust and/or
maintain the electrical parameter. Some embodiments
include a non-magnetic positioner connected to an electrical
component configured to have its RLC parameters varied by
the positioner.

Conventional baluns are unitary structures that are slipped
over an end of a cable and then soldered in place. This makes
it difficult and inconvenient to install such a balun once both
ends of the cable are connectorized and/or soldered in place.

There is a long-felt need for an RF cable trap that is
adjustable for frequency and can be installed on a cable from
the side and that blocks stray RF current from flowing on
shield conductors of RF cables.

SUMMARY OF THE INVENTION

The present invention provides a cable balun and method
for tunable trapping of RF current on the outside and/or an
inner shield of triax after the cable is installed. In some
embodiments, the ends of an inner signal conductor and an
inner shield of the triax cable are electrically connected to
the RF termination (such as an end connector, an radio-
frequency (RF) antenna or a magnetic-resonance imaging
(MRI) coil element), while the end of the outer shield not
electrically connected to the termination, and a device
(which is optionally adjustable) is provided for the outer
shield to be electrically connected (shorted) to an inner
shield at an electrical distance of one-quarter wavelength
(optionally plus an integer (e.g., 0, 1, 2, . . . ) multiple of
one-half wavelength) from its end. Some embodiments
provide an RF-trap apparatus for blocking stray signals on a
shielded RF cable that has two or more concentric peripheral
shield conductors separated from one another by one or
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more electrically insulating layers, and at least one inner
conductor for carrying RF signals. The RF trap apparatus
includes: a first housing; and a plurality of projections
configured be coupled to the first housing and to move to
selectively electrically connect an outer shield conductor to
an inner shield conductor by a pierce operation on the
shielded RF cable.

In some embodiments, one or more reactive elements of
the snap-on balun of the present invention include adjustable
parameters (e.g., capacitance and/or inductance) that are
adjusted electrically. In other embodiments, the adjustable
parameters (e.g., capacitance and/or inductance) are
adjusted mechanically using electrically controlled actua-
tors. In some embodiments, these electrically controlled
mechanical-movement devices (such as piezo-electrical lin-
ear motors, micro-electronic mechanical-system (MEMS)
mechanical actuators or MEMS pumps) and other elements
(which are used to make the resistors, inductors, capacitors,
and/or antenna elements) include metals that have only
substantially non-magnetic components such that the resis-
tors, inductors, capacitors, robotic arms or similar mechani-
cal devices, and/or antenna elements and the mechanical
positioner(s) or pump(s) that adjust their variable values can
be placed and operated within and/or near an extremely high
electric field of many thousands of volts per meter (such as
connected to or affecting electricity-transmission lines car-
rying hundreds of thousands of volts and very large cur-
rents), or extremely-high magnetic field such as within the
very strong superconducting-wire magnets of high-energy
particle-physics experiments (such as the Large Hadron
Collider) or within magnets of a magnetic-resonance imag-
ing machines, or during and after an electromagnetic pulse
(EMP) from a nuclear event.

In other embodiments, the present invention provides the
ability to adjust very sensitive circuits that do not involve
high fields, but instead involve very low fields (such as
within completely enclosed Faraday cages (which block
low-frequency external fields) having radio-frequency (RF)
shielding (which block high-frequency external fields) that
are measuring very small parameters such as extremely
low-voltage circuits where the presence of a person or
magnetic mechanical movement device (such as a magnetic
linear positioner, rotary motor, or pump) would change the
field, but which use the mechanical movement device(s) to
adjust the configuration of RLC (resistive-inductive-capaci-
tive) components without modifying fields or introducing
extraneous capacitances or inductances.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a block diagram of RF trap apparatus kit 101,
according to some embodiments of the present invention.
FIG. 1B is a block diagram of a triax shielded cable 99.
FIG. 1C is a block diagram of an RF trap system 191 that
uses an RF trap apparatus kit 101 on a shielded cable 99,
according to some embodiments of the present invention.
FIG. 1D is a perspective-view computer-model image of
RF trap apparatus 101, according to some embodiments of
the present invention.
FIG. 2A is a block diagram of RF trap apparatus 201,
according to some embodiments of the present invention.
FIG. 2B is a block diagram of a triax shielded cable 99.
FIG. 2C is a block diagram of an RF trap system 291 that
uses an RF trap apparatus 201 on a shielded cable 99,
according to some embodiments of the present invention.



US 11,018,717 B1

5

FIG. 3A is a block diagram of an RF trap system 390 that
uses an RF trap apparatus 300 on a shielded cable 99,
according to some embodiments of the present invention.

FIG. 3B1 is a block diagram of an RF trap system 391 that
uses an RF trap apparatus 301 on a shielded cable 99,
according to some embodiments of the present invention.

FIG. 3B2 is a block diagram of an RF trap system 392 that
uses an RF trap apparatus 302 on a shielded cable 99,
according to some embodiments of the present invention.

FIG. 3B3 is a block diagram of an RF trap system 393 that
uses an RF trap apparatus 303 on a shielded cable 99,
according to some embodiments of the present invention.

FIGS. 3C1, 3C1 and 3C3 provide a description and
drawings of the present invention, according to some
embodiments of the present invention.

FIG. 3D is a description and drawings of the present
invention, according to some embodiments of the present
invention.

FIG. 3E is a description and drawings of prior-art and
support for the present invention, according to some
embodiments of the present invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Although the following detailed description contains
many specifics for the purpose of illustration, a person of
ordinary skill in the art will appreciate that many variations
and alterations to the following details are within the scope
of the invention. Specific examples are used to illustrate
particular embodiments; however, the invention described in
the claims is not intended to be limited to only these
examples, but rather includes the full scope of the attached
claims. Accordingly, the following preferred embodiments
of the invention are set forth without any loss of generality
to, and without imposing limitations upon the claimed
invention. Further, in the following detailed description of
the preferred embodiments, reference is made to the accom-
panying drawings that form a part hereof, and in which are
shown by way of illustration specific embodiments in which
the invention may be practiced. It is understood that other
embodiments may be utilized and structural changes may be
made without departing from the scope of the present
invention. The embodiments shown in the Figures and
described here may include features that are not included in
all specific embodiments. A particular embodiment may
include only a subset of all of the features described, or a
particular embodiment may include all of the features
described.

The leading digit(s) of reference numbers appearing in the
Figures generally corresponds to the Figure number in
which that component is first introduced, such that the same
reference number is used throughout to refer to an identical
component which appears in multiple Figures. Signals and
connections may be referred to by the same reference
number or label, and the actual meaning will be clear from
its use in the context of the description.

As used herein, a non-magnetic mechanical movement
device is any electrically-controlled device (such as a linear
positioner, rotary motor, or pump) made of materials that do
not move (or move to a substantially negligible amount) due
to a high magnetic field when subjected to the high magnetic
field. Such devices can be placed within the high magnetic
field of a magnetic-resonance machine or the superconduct-
ing magnet of a particle accelerator without the danger of the
device moving due to the magnetic field and/or without the
undesirable result of changing the magnetic field due to their
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presence. In many of the descriptions herein, the term
“motor” (such as motor 140) will be used as an example of
such a non-magnetic mechanical movement device, how-
ever one of skill in the art will recognize that in other
embodiments, the “motor” can be implemented as a linear or
rotary motor device using suitable linkages, or as a pump
that uses a liquid or pneumatic fluid to effectuate the
described movement.

FIG. 1A is a block diagram of RF trap apparatus kit 101,
according to some embodiments of the present invention. In
some embodiments, kit 101 includes a crimpable balun
insert 110 that includes a plurality of withdrawn piercing
electrically conductive projections 120, 121, 122, . . . 123
held in a deformable insulator 111. By fitting crimpable
balun insert 110 over triax cable 99 (see FIG. 1B) and
squeezing a portion of crimpable balun insert 110 with a
crimping tool (such as a pliers or other suitable tool) at
selected locations, a conductive path is formed between the
outer shield 92 and the inner shield 94 of triax cable 99.
When this electrical connection is made at a length of %
wavelength (optionally plus an integer number of /2 wave-
lengths), stray RF currents are trapped in the end portion of
the outer shield (to the left of the connection 120" of FIG. 1C.
By providing a plurality of such projections 120, 121,
122, . . . 123 at different positions from the end of the outer
shield 92 of triax cable 99, a user can successively crimp
additional projections 121, 122, . . . 123, forming electrical
shorts at progressively different (shorter) lengths from the
end of the outer shield 92, thus adjusting the electrical length
of that end section until it is at the correct ¥4 wavelength (as
that wavelength is seen in the cable outer shield) of the RF
frequency of interest.

FIG. 1B is a block diagram of triax cable 99 that can be
used with device 110 to form a balun 191 (see FIG. 1C),
according to some embodiments of the present invention.

FIG. 1C is a block diagram of an RF trap system balun
191 that uses an RF trap apparatus 101 on a shielded cable
99, according to some embodiments of the present inven-
tion. In some embodiments, cable 99 includes one or more
inner conductors 96 covered with insulator layer 95, and an
inner conductive shield 94 surrounding the insulator layer
95, an intermediate insulator layer 93 surrounding inner
conductive shield 94 and surrounded by outer shield 92, and
an outer insulator layer 91 surrounding the outer shield 92.
In some embodiments, RF trap 101 includes a plurality of
possible connections (projections 120, 121, 122, . . . 123),
where shown here in FIG. 1C connections from projections
120" have been made by crimping those connectors, but not
yet crimping projections 121, 122, . . . 123. If the initial
connection(s) via projections 120 are not short enough (i.e.,
close enough to the left-hand end) to be at Y4 wavelength,
then the user will crimp through additional projections
(crimping projections 121, 122, . . . 123), until the proper
length is determined.

FIG. 1D is a perspective-view computer-model image of
RF trap apparatus 101, according to some embodiments of
the present invention. In some embodiments, RF trap appa-
ratus 101 includes a two-part split balun kit that includes
110A and 110B, each of which includes a series of crimpable
projections 120, 121, 122, . . . 123.

FIG. 2A is a block diagram of RF trap apparatus kit 201,
according to some embodiments of the present invention. In
some embodiments, kit 201 includes a crimpable balun
insert 210 that includes a plurality of withdrawn piercing
conductive projections 220, 221, 222, . . . 223 held in a
deformable insulator 211.
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In some embodiments, threaded balun cover 230 slips
over triax cable 99 from the end, and then crimpable balun
insert 210 slips over triax cable 99 from the end (or threaded
balun cover 230 is preassembled to crimpable balun insert
210 and both slip over triax cable 99 from the end).

In some other embodiments, threaded balun cover 230 is
split in two parts such as shown in FIG. 1D and these two
parts fit over triax cable 99 from the sides, and similarly
crimpable balun insert 210 is split in two parts such as
shown in FIG. 1D and these two parts fit over triax cable 99
from the sides.

By fitting crimpable balun insert 210 over triax cable 99
(see FIG. 2B) and squeezing crimpable balun insert 210 with
a threaded balun cover 230 that automatically causes crimp-
ing to the predetermined depth needed to short the outer
shield to the inner shield without going too far in (which
would cause shorting to the innermost conductor 96) at
selected locations, a conductive path is formed between the
outer shield and the inner shield. When this electrical
connection is made at a length of ¥4 wavelength from the end
of the outer shield 92 (optionally plus an integer number of
V5 wavelengths), stray RF currents are trapped in the end
portion of the outer shield 92 (to the left of the connection
220" of FIG. 2C). By providing a plurality of such projec-
tions at different positions from the end, a user can succes-
sively crimp additional projections, forming electrical shorts
at progressively different lengths from the end of the outer
shield, thus adjusting the electrical length of that end section
until it is at the correct wavelength (as that wavelength is
seen in the cable outer shield) of the RF frequency of
interest.

FIG. 2B is a block diagram of triax cable 99 that can be
used with device 210 and 230 to form a balun 291, according
to some embodiments of the present invention.

FIG. 2C is a block diagram of an RF trap system 291 that
uses an RF trap apparatus 201 on a shielded cable 99,
according to some embodiments of the present invention. In
some embodiments, cable 99 includes one or more inner
conductors 93 covered with insulator layer 94, and a con-
ductive shield 92 surrounding the insulator layer 94, and an
outer insulator layer 91 surrounding the shield 92. In some
embodiments, RF trap 201 includes a plurality of possible
connections, where here connection from crimped projec-
tions 220" has been made by crimping those connectors but
not yet crimping projections 221, 222, . . . 223. If the initial
connection via crimped projections 220' are not short
enough to be at Y4 wavelength, then the user will crimp
through additional projections, until the proper length is
determined.

FIG. 3A is block diagram of an RF trap system 391
includes balun system 330 that includes 330A and 330B,
each of which includes a series of crimpable projections 120,
121, 122, . . . 123 such as were shown in FIG. 1A. In this
embodiment, the addition of optional reactance (capacitor
and/or inductor) elements 320 and 310 (in this particular
case, two capacitances) in series (as shown here) or in
parallel (not shown) connections between the far ends of the
outer conductor 92 and inner conductor 94 allow additional
adjustment of the electrical length of the balun (for example,
for fine tuning or for adjusting a length that is too short by
accidentally crimping too many crimpable projections 121,
122, . .. 123) and/or allow tuning of multiple frequencies.

In each of the embodiments shown herein, the LC circuits
shown can be replaced by one or more of the LC networks
shown in the others of the Figures. In some such embodi-
ments, a plurality of such L, C, and transmission line
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elements are combined to achieve the desired trapping of RF
currents on the outer surface of the shield of the shielded
cable.

FIG. 3B1 is a block diagram of an RF trap system 391 that
uses an RF trap apparatus 301 on a shielded cable 99,
according to some embodiments of the present invention. In
this embodiment, the addition of capacitor element 310 in
series with inductor element 320 (as shown here) or in
parallel (not shown) connections between the far ends of the
outer conductor 92 and inner conductor 94 allow additional
adjustment of the electrical length of the balun and/or allow
tuning of multiple frequencies.

FIG. 3B2 is a block diagram of an RF trap system 392 that
uses an RF trap apparatus 302 on a shielded cable 99,
according to some embodiments of the present invention. In
some embodiments, RF trap system 392 includes a capacitor
element 310 in parallel with inductor element 320 (as shown
here) (or, in other embodiments, in parallel, not shown)
connected between the far ends of the outer conductor 92 at
connection 336 and inner conductor 94 at connection 332,
all within a sleeve 332 that is affixed on cable 99 allow
additional adjustment of the electrical length of the balun
and/or allow tuning of multiple frequencies. In some
embodiments, variable reactance elements 310 and/or 320
are adjustable to tune to the appropriate frequencies. In some
embodiments, a plurality of series-connected LC elements
are connected in parallel between connections 334 and 336
to tune each of a plurality of frequencies of interest,

FIG. 3B3 is a block diagram of an RF trap system 393 that
uses an RF trap apparatus 303 on a shielded cable 99,
according to some embodiments of the present invention. In
some embodiments, system 393 includes a balun enclosure
340 having a plurality of preformed threaded holes 342
therethrough for receiving electrically conductive screws
343 at selected spacings such that screws 343 in holes 342
form shorts between outer conductor 92 and inner conductor
94. By successively inserting a screw at a time and making
measurements of the frequency response (e.g., using a
network analyzer having a Smith-chart display), the user can
tune to the desired Y4 wavelength.

Ideally, the connection between the inner and outer
shields is at %4 wave electrically to generate the highest
impedance to block shield currents. However, when one is
unsure where A/4 is located, one can, using the present
invention, use successively applied multiple connections
between the two shields along the length of the cable. The
connections can be made sequentially with measurements
made each time until the desired frequency response is
achieved.

FIGS. 3C1, 3C1 and 3C3 provide a description and
drawings of the present invention, according to some
embodiments of the present invention.

FIG. 3D is a description and drawings of the present
invention, according to some embodiments of the present
invention.

FIG. 3E is a description and drawings of the present
invention, according to some embodiments of the present
invention.

Bazooka balun link: www.antenna-theory.com/defini-
tions/bazooka.php or one can google “bazooka balun” and
see plenty of images showing the application of an outer
metal sleeve being connected to the original coax shield at
V4 wave; like the following figure shows. The bazooka balun
is an old technique that is displayed in the ARRL handbook.
The new invention uses an arbitrarily longer sleeve, and the
insulation-displacement or solder connection at 4 wave.
The inventor has demonstrated on the bench that the outer



US 11,018,717 B1

9

sleeve can be essentially arbitrarily long and still work, as
long as the sleeve is attached at the appropriate “4%-wave
position (or any additional V2 wave position beyond that: %4-,
Ya-, 5/4-, T/4-wave . . .)

Smith-chart measurements for both traps, short vs. Long
(soldered at V4 wave), demonstrated similar results. In some
embodiments, an insulation-displacement connector is used
to stab into triax cable at the Y4-wave location to make this
connection. This is similar to U.S. Pat. No. 9,160,295, but
open ended. In some embodiments, the open end of the
bazooka balun is shortened or lengthened and then some
reactance (capacitance or inductor) is added across the gap
from the outer sleeve to the coax shield.

In some embodiments, the system of the present invention
includes an RF trap having an L.C circuit with one or more
adjustable elements (e.g., the inductance and/or capacitance
is adjustable), and a plurality of piercing elements that can
be successively used to short between and outer conductor
and an inner conductor of a triaxial (triax) cable.

In some other embodiments, the adjustment mechanism
includes one or more remotely controlled non-magnetic
(e.g., piezoelectric) motors each adjusted by its own respec-
tive motor controller(s) and feedback circuit(s) to robotically
move mechanical parts (levers, hoops, sheets of resilient
elastic material, and the like) to achieve robotic control of a
piercing system for use within the high-field or sensitive-
field environment in which the RLC and/or shield-shorting
balun elements are adjusted by their own respective motor
controllers and feedback circuits. In some such embodi-
ments, the system sets an initial set of parameters (for
example, resistance, inductance, capacitance, dielectric
shape, frequency, phase, gain/attenuation, temporal proper-
ties, spatial properties (the shape of magnetic or electric
fields), pulse width, mechanical position and orientation, or
other controlled parameter) and a feedback circuit senses the
result (one or more characteristics or parameters) and auto-
matically adjusts the components (for example, variable
resistors, inductors, capacitors, antennas, dielectric shapes,
mechanical positioners and the like) in the system to com-
pensate or control the system to achieve a desired result
(e.g., a radar signal, magnetic-resonance or electron-spin
image, or other desired system output).

In some embodiments, the one or more non-magnetic
(e.g., piezoelectric) motors actuate control over electrical
switches, amplitude modulators, frequency -controllers,
phase controllers, gain controllers, frequency modulators
and the like by using, for example, control of variable
resistor(s), inductor(s), capacitor(s), antenna(s), dielectric
shape(s), mechanical positioner(s) and the like.

In some embodiments, the system uses non-magnetic
(e.g., piezoelectric) motors (or other mechanical-movement
devices) that include linear actuators, rotary actuators,
pumps (pneumatic (pressure or vacuum) and/or liquid
pumps) and/or the like. In some embodiments, the system
optionally includes non-magnetic sensors (e.g., using piezo-
electric or other suitable technologies) that include linear
strain gauges, rotary sensors, pressure or sound sensors (e.g.,
pneumatic (pressure or vacuum) and/or liquid), position
sensors, light and image sensors, voltage or current sensors,
and/or the like. In some embodiments, such actuator ele-
ments and/or sensor elements are used for remotely con-
trolled robotic diagnosis and examination, surgery, biopsy,
and the like in a medical environment (such as a magnetic-
resonance machine).

In some embodiments, the present invention includes one
or more of any one or more of the devices in any of the
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figures herein in a combined circuit that connects the
described variable components, optionally including other
conventional components.

In some embodiments, the present invention provides an
RF trap for blocking stray signals on a shielded RF cable that
has a peripheral shield conductor, an inner shield conductor,
and at least one inner conductor for carrying RF signals, the
RF trap including: a case; and one or more piercing elements
configured to be moved to selectively form an electrical
connection between the peripheral shield conductor and the
inner shield conductor. Some embodiments further include
an LC circuit that is mounted to the case and that has a
resonance frequency at a frequency of RF signals carried on
the at least one inner conductor; a piercing structure elec-
trically connected to the LC circuit and configured to pierce
and electrically connect the L.C circuit to the peripheral
shield conductor and to the inner shield conductor of the
shielded RF cable; and an attachment device configured to
hold the case to the shielded RF cable with the LC circuit
electrically connected to the shield conductor of the shielded
RF cable.

In some embodiments, the present invention provides an
RF-trap apparatus for blocking stray signals on a shielded
RF cable that has a peripheral shield conductor, an inner
shield conductor, and at least one inner conductor for
carrying RF signals. This RF trap apparatus includes: an
outer threaded balun cover; and an inner crimpable balun
insert 210 that includes a plurality of withdrawn piercing
conductive projections 220, 221, 222, . . . 223 held in a
deformable insulator 211. The one or more piercing ele-
ments are configured to be moved to selectively form an
electrical connection between the peripheral shield conduc-
tor and the inner shield conductor. Some embodiments
further include an LC circuit that is mounted to the case and
that has a resonance frequency at a frequency of RF signals
carried on the at least one inner conductor; a plurality of
projections electrically connected to the LC circuit and
configured to pierce and electrically connect the LC circuit
to the shield conductor of the shielded RF cable; and an
attachment device configured to hold the case to the shielded
RF cable with the L.C circuit electrically connected to the
shield conductor of the shielded RF cable.

Some embodiments further include an automatic param-
eter-adjustment unit operatively coupled to the LC circuit
and configured to adjust electrical parameters of the L.C
circuit to control the resonance frequency of the LC circuit.

Some embodiments further include an automatic param-
eter-adjustment unit that has a non-magnetic mechanical
actuator operatively coupled to the L.C circuit and config-
ured to adjust electrical parameters of the LC circuit to
control the resonance frequency of the LC circuit.

In some embodiments, the plurality of projections elec-
trically connected to the LC circuit include a first plurality
of pointed projections at a first end of the case and a second
plurality of pointed projections at a second end of the case
opposite the first.

In some embodiments, the plurality of projections elec-
trically connected to the LC circuit include a first plurality
of pointed projections at a first end of the case and a second
plurality of pointed projections at a second end of the case
opposite the first, wherein each one of the first plurality of
pointed projections is capacitively coupled to a cylindrical
conductor spaced apart from the shield conductor of the
shielded RF cable, and wherein each one of the second
plurality of pointed projections is capacitively coupled to the
cylindrical conductor.
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In some embodiments, the plurality of projections elec-
trically connected to the LC circuit include a first plurality
of pointed projections only at a first end of the case and no
pointed projections at a second end of the case opposite the
first, and the L.C circuit includes a conductive cylinder that
is electrically connected to first plurality of pointed projec-
tions only at a first end of the case.

In some embodiments, the LC circuit includes a plurality
of pi networks arranged at different radial directions around
the shielded RF cable.

In some embodiments, the LC circuit includes a plurality
of Tee networks arranged at different radial directions
around the shielded RF cable.

In some embodiments, the LC circuit includes a plurality
of quad-coupler networks arranged at different radial direc-
tions around the shielded RF cable.

In some embodiments, the LC circuit includes a plurality
of Wilkenson power-splitter-combiner networks arranged at
different radial directions around the shielded RF cable.

In some embodiments, the LC circuit includes a plurality
of rat-race-coupler networks arranged at different radial
directions around the shielded RF cable.

In some embodiments, the present invention provides a
method that includes: providing a case having an L.C circuit
that is mounted to the case and that has a resonance
frequency at a frequency of RF signals carried on the at least
one inner conductor; a piercing structure electrically con-
nected to the LC circuit and configured to pierce and
electrically connect the L.C circuit to the shield conductor of
the shielded RF cable; and an attachment device configured
to hold the case to the shielded RF cable with the LC circuit
electrically connected to the shield conductor of the shielded
RF cable.

Some embodiments further include automatically adjust-
ing electrical parameters of the LC circuit to adjust the
resonance frequency.

Some embodiments further include automatically adjust-
ing electrical parameters of the LC circuit to adjust the
resonance frequency by moving a non-magnetic mechani-
cal-movement device.

In some embodiments of the method, the plurality of
projections electrically connected to the LC circuit include
a first plurality of pointed projections at a first end of the case
and a second plurality of pointed projections at a second end
of the case opposite the first.

In some embodiments of the method, the plurality of
projections electrically connected to the LC circuit include
a first plurality of pointed projections at a first end of the case
and a second plurality of pointed projections at a second end
of the case opposite the first, wherein each one of the first
plurality of pointed projections is capacitively coupled to a
cylindrical conductor spaced apart from the shield conductor
of the shielded RF cable, and wherein each one of the second
plurality of pointed projections is capacitively coupled to the
cylindrical conductor.

In some embodiments of the method, the plurality of
projections electrically connected to the LC circuit include
a first plurality of pointed projections only at a first end of
the case and no pointed projections at a second end of the
case opposite the first, and the LC circuit includes a con-
ductive cylinder that is electrically connected to first plu-
rality of pointed projections only at a first end of the case.

In some embodiments of the method, the LC circuit
includes a plurality of pi networks arranged at different
radial directions around the shielded RF cable.
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In some embodiments, the LC circuit includes a plurality
of Tee networks arranged at different radial directions
around the shielded RF cable.

In some embodiments of the method, the LC circuit
includes a plurality of quad-coupler networks arranged at
different radial directions around the shielded RF cable.

In some embodiments of the method, the LC circuit
includes a plurality of Wilkenson power-splitter-combiner
networks arranged at different radial directions around the
shielded RF cable.

In some embodiments of the method, the LC circuit
includes a plurality of rat-race-coupler networks arranged at
different radial directions around the shielded RF cable.

In some embodiments, the present invention provides a
non-transitory computer-readable medium having instruc-
tions stored thereon for causing a suitably programmed
information processor to execute a method that comprises:
autocontrolling an electrical parameter of an L.C circuit that
is mounted to a case of a snap-on balun attached to a
shielded RF cable that has a peripheral shield conductor and
at least one inner conductor for carrying RF signals, wherein
the L.C circuit has a resonance frequency at a frequency of
RF signals carried on the at least one inner conductor,
wherein the case includes a piercing structure electrically
connected to the L.C circuit and configured to pierce and
electrically connect the LC circuit to the shield conductor of
the shielded RF cable.

In some embodiments of the computer-readable medium,
the method further includes using a feedback signal opera-
tively coupled to the programmable information-processing
device to provide feedback control in order to maintain the
electrical parameter of the L.C circuit.

In some embodiments of the computer-readable medium,
the method further includes controlling resistance, induc-
tance and capacitance (RLC) values of the LC circuit.

In some embodiments, the present invention provides an
RF-trap apparatus for blocking stray signals on a shielded
RF cable that has two or more concentric peripheral shield
conductors and at least one inner conductor for carrying RF
signals, the RF trap apparatus including: a case (e.g., 110 or
210); a plurality of projections configured to selectively
electrically connect an outer shield conductor to an inner
shield conductor by a pierce operation on the doubly
shielded RF cable; and an attachment configured to hold the
case to the shielded RF cable with the pierce projections
connected to the outer and inner shield conductors of the
shielded RF cable.

In some embodiments, the attachment includes an outer
cover (e.g., 130 or 230) configured to be placed over the case
to hold the case in place.

In some embodiments, the case has a plurality of portions
(e.g., 110A and 110B as shown in FIG. 1D, or 210 made of
two or more such parts) that fit together around the cable,
and wherein the case is crimpable to selectively force the
pierce projections through the outer and inner shield con-
ductors.

In some embodiments, the attachment includes an outer
cover 230 configured to be placed over the case to hold the
case in place, and wherein the outer cover has a threaded
inner surface; and wherein the case has a plurality of
portions that fit together around the cable, and wherein the
case has a threaded outer surface that mates with the
threaded inner surface of the cover, and is crimpable by
rotating the outer cover relative to the case to selectively
force the pierce projections (e.g., 220, 221, 222, 223)
through the outer and inner shield conductors.
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In some embodiments, the present invention provides an
RF-trap apparatus for blocking stray signals on a shielded
RF cable that has two or more concentric peripheral shield
conductors separated from one another by one or more
electrically insulating layers, and at least one inner conduc-
tor for carrying RF signals. The RF trap apparatus includes:
a first housing; and a plurality of projections configured be
coupled to the first housing and to move to selectively
electrically connect an outer shield conductor to an inner
shield conductor by a pierce operation on the shielded RF
cable.

Some embodiments further include a cover configured to
hold the first housing to the shielded RF cable with the
pierce projections connected to the outer and inner shield
conductors of the shielded RF cable.

Some embodiments further include a cover configured to
hold the first housing to the shielded RF cable with the
pierce projections connected to the outer and inner shield
conductors of the shielded RF cable, wherein the cover is
configured to be placed over the first housing to hold the first
housing in place.

In some embodiments of the apparatus, the first housing
has a plurality of portions that fit together around the cable
from the side of the cable, and wherein the first housing is
crimpable to selectively force the pierce projections through
the outer and inner shield conductors.

Some embodiments further include a cover configured to
hold the first housing to the shielded RF cable with the
pierce projections connected to the outer and inner shield
conductors of the shielded RF cable, wherein the cover is
configured to be placed over the first housing to hold the first
housing in place, wherein the cover has a threaded inner
surface and wherein the first housing has a plurality of
portions that fit together around the cable, and wherein the
first housing has a threaded outer surface that mates with the
threaded inner surface of the cover, and is crimpable by
rotating the cover relative to the first housing to selectively
force the pierce projections through the outer and inner
shield conductors.

Some embodiments further include a cover configured to
hold the first housing to the shielded RF cable with the
pierce projections connected to the outer and inner shield
conductors of the shielded RF cable, wherein the cover is
configured to be placed over the first housing to hold the first
housing in place, wherein the cover has a threaded inner
surface, and wherein the first housing has a plurality of
portions that fit together around the cable, and wherein the
first housing has a threaded outer surface that mates with the
threaded inner surface of the cover, and is crimpable by
rotating the cover relative to the first housing to selectively
force the pierce projections through the outer and inner
shield conductors.

In some embodiments of the apparatus, the first housing
has a plurality of threaded holes extending radially there-
through, and wherein the plurality of projections configured
be coupled to the first housing include screws configured to
be screwed into the threaded holes of the first housing to
selectively electrically connect an outer shield conductor to
an inner shield conductor by a pierce operation into the
shielded RF cable.

In some embodiments, the present invention provides an
RF-trap method for blocking stray signals on a shielded RF
cable that has an outer shield conductor concentrically
surrounding an inner shield conductor separated from one
another by one or more electrically insulating layers, and at
least one inner conductor for carrying RF signals by one or
more electrically insulating layers inside the inner shield
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conductor. This RF trap method includes: providing a first
housing having a plurality of piercing projections; attaching
the first housing to the shielded RF cable; and forcing a
plurality of the piercing projections of the first housing to
pierce the shielded RF cable and electrically connect an
outer shield conductor to an inner shield conductor.

Some embodiments of the method further include pro-
viding a cover; and holding the first housing to the shielded
RF cable with the cover so the pierce projections connect the
outer and inner shield conductors of the shielded RF cable
to one another.

Some embodiments of the method further include pro-
viding a cover; placing the first housing on the shielded RF
cable; placing the cover on the first housing; and crimping
successive portions of the first housing to pierce the shielded
RF cable by forcing the outer successively onto the succes-
sive portions of the first housing so the pierce projections
connect the outer and inner shield conductors of the shielded
RF cable to one another, wherein the outer is configured to
be placed over the first housing after the first housing is
placed on the shielded cable to hold the first housing in
place.

In some embodiments of the method, the first housing has
a plurality of portions that fit together around the cable, and
wherein the first housing is crimpable to selectively force the
pierce projections through the outer and inner shield con-
ductors.

Some embodiments of the method further include pro-
viding a cover, wherein the cover has a threaded inner
surface, wherein the first housing has a threaded outer
surface that mates with the threaded inner surface of the
cover, and wherein the first housing has a plurality of
portions that fit together around the cable from the side and
is crimpable by rotating the cover relative to the first housing
to selectively force the pierce projections through the outer
and inner shield conductors; placing the cover over the first
housing to hold the first housing in place; and threading the
cover onto the first housing to force selected ones of the
pierce projections to electrically connect the outer and inner
shield conductors of the shielded RF cable to one another.

Some embodiments of the method further include pro-
viding a cover configured to hold the first housing to the
shielded RF cable with the pierce projections connected to
the outer and inner shield conductors of the shielded RF
cable, wherein the cover is configured to be placed over the
first housing to hold the first housing in place, wherein the
cover has a threaded inner surface, and wherein the first
housing has a plurality of portions that fit together around
the cable from a side of the cable, and wherein the first
housing has a threaded outer surface that mates with the
threaded inner surface of the cover; and crimping the first
housing by rotating the cover relative to the first housing to
selectively force the pierce projections through the outer and
inner shield conductors.

In some embodiments, the first housing has a plurality of
threaded holes extending radially therethrough, and wherein
the plurality of projections configured be coupled to the first
housing are screws; and the method further includes suc-
cessively screwing selected ones of the screws into the
threaded holes of the first housing to selectively electrically
connect an outer shield conductor to an inner shield con-
ductor.

In some embodiments, the present invention provides an
RF-trap apparatus for blocking stray signals on a shielded
RF cable that has an outer shield conductor concentrically
surrounding an inner shield conductor separated from one
another by one or more electrically insulating layers, and at
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least one inner conductor for carrying RF signals by one or
more electrically insulating layers inside the inner shield
conductor. This RF trap apparatus includes: a first housing
having a plurality of piercing projections; means for attach-
ing the first housing to the shielded RF cable; means for
forcing a plurality of the piercing projections of the first
housing to pierce the shielded RF cable and electrically
connect an outer shield conductor to an inner shield con-
ductor.

Some embodiments further include a cover; and means
for holding the first housing to the shielded RF cable with
the cover so the pierce projections connect the outer and
inner shield conductors of the shielded RF cable to one
another.

Some embodiments further include means for crimping
successive portions of the first housing to pierce the shielded
RF cable by forcing the outer successively onto the succes-
sive portions of the first housing so the pierce projections
connect the outer and inner shield conductors of the shielded
RF cable to one another, wherein the outer is configured to
be placed over the first housing after the first housing is
placed on the shielded cable to hold the first housing in
place.

In some embodiments, the first housing has a plurality of
portions that fit together around the cable, and wherein the
first housing is crimpable to selectively force the pierce
projections through the outer and inner shield conductors.

Some embodiments further include a cover; and means
for threading the cover onto the first housing to force
selected ones of the pierce projections to electrically connect
the outer and inner shield conductors of the shielded RF
cable to one another.

In some embodiments, the plurality of projections are
SCrews.

It is to be understood that the above description is
intended to be illustrative, and not restrictive. Although
numerous characteristics and advantages of various embodi-
ments as described herein have been set forth in the fore-
going description, together with details of the structure and
function of various embodiments, many other embodiments
and changes to details will be apparent to those of skill in the
art upon reviewing the above description. The scope of the
invention should be, therefore, determined with reference to
the appended claims, along with the full scope of equivalents
to which such claims are entitled. In the appended claims,
the terms “including” and “in which” are used as the
plain-English equivalents of the respective terms “compris-
ing” and “wherein,” respectively. Moreover, the terms “first,
” “second,” and “third,” etc., are used merely as labels, and
are not intended to impose numerical requirements on their
objects.

What is claimed is:

1. An RF-trap apparatus for blocking stray signals on a
shielded RF cable that has two or more concentric peripheral
shield conductors separated from one another by one or
more electrically insulating layers, and at least one inner
conductor for carrying RF signals, wherein the two or more
concentric peripheral shield conductors include an inner
shield conductor and an outer shield conductor, the RF trap
apparatus comprising:

a first housing; and

a plurality of projections configured to be coupled to the

first housing and to move to selectively electrically
connect the outer shield conductor to the inner shield
conductor by a pierce operation on the shielded RF
cable.
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2. The apparatus of claim 1, further comprising:

a cover configured to hold the first housing to the shielded
RF cable with the plurality of projections connected to
the outer and inner shield conductors of the shielded RF
cable.

3. The apparatus of claim 1, further comprising:

a cover configured to hold the first housing to the shielded
RF cable with the plurality of projections connected to
the outer and inner shield conductors of the shielded RF
cable, wherein the cover is configured to be placed over
the first housing to hold the first housing in place.

4. The apparatus of claim 1, wherein the first housing has

a plurality of portions that fit together around the shielded
RF cable from a side of the shielded RF cable, and wherein
the first housing is crimpable to selectively force the plu-
rality of projections through the outer and inner shield
conductors.

5. The apparatus of claim 1, further comprising:

a cover configured to hold the first housing to the shielded
RF cable with the plurality of projections connected to
the outer and inner shield conductors of the shielded RF
cable, wherein the cover is configured to be placed over
the first housing to hold the first housing in place, and
wherein the cover has a threaded inner surface; and

wherein the first housing has a plurality of portions that fit
together around the cable, and wherein the first housing
has a threaded outer surface that mates with the
threaded inner surface of the cover, and is crimpable by
rotating the cover relative to the first housing to selec-
tively force the plurality of projections through the
outer and inner shield conductors.

6. The apparatus of claim 1, wherein the first housing has
aplurality of threaded holes extending radially therethrough,
and wherein the plurality of projections configured to be
coupled to the first housing include screws configured to be
screwed into the threaded holes of the first housing to
selectively electrically connect the outer shield conductor to
the inner shield conductor by the pierce operation into the
shielded RF cable.

7. An RF-trap method for blocking stray signals on a
shielded RF cable that has an outer shield conductor con-
centrically surrounding an inner shield conductor separated
from one another by one or more electrically insulating
layers, and at least one inner conductor for carrying RF
signals by one or more electrically insulating layers inside
the inner shield conductor, the RF trap method comprising:

providing a first housing having a plurality of piercing
projections;

attaching the first housing to the shielded RF cable; and

forcing the plurality of piercing projections of the first
housing to pierce the shielded RF cable and electrically
connect the outer shield conductor to the inner shield
conductor.

8. The method of claim 7, wherein the first housing has a
plurality of threaded holes extending radially therethrough,
and wherein the plurality of projections configured to be
coupled to the first housing are screws; the method includ-
ing:

successively screwing selected ones of the screws into the
threaded holes of the first housing to selectively elec-
trically connect the outer shield conductor to the inner
shield conductor.

9. The method of claim 7, further comprising:

providing a cover; and

holding the first housing to the shielded RF cable with the
cover so the plurality of piercing projections connect
the outer and inner shield conductors of the shielded RF
cable to one another.
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10. The method of claim 7, further comprising:

providing a cover;

placing the first housing on the shielded RF cable; placing

the cover on the first housing; and

crimping successive portions of the first housing to pierce

the shielded RF cable by forcing the outer shield
conductor successively onto the successive portions of
the first housing so the plurality of pierce projections
connect the outer and inner shield conductors of the
shielded RF cable to one another, wherein the outer
shield conductor is configured to be placed over the
first housing after the first housing is placed on the
shielded cable to hold the first housing in place.

11. The method of claim 7, wherein the first housing has
a plurality of portions that fit together around the cable, and
wherein the first housing is crimpable to selectively force the
plurality of piercing projections through the outer and inner
shield conductors.

12. The method of claim 7, further comprising:

providing a cover, wherein the cover has a threaded inner

surface, wherein the first housing has a threaded outer
surface that mates with the threaded inner surface of the
cover, and wherein the first housing has a plurality of
portions that fit together around the cable from a side
and is crimpable by rotating the cover relative to the
first housing to selectively force the plurality of pierc-
ing projections through the outer and inner shield
conductors;

placing the cover over the first housing to hold the first

housing in place; and

threading the cover onto the first housing to force selected

ones of the plurality of piercing projections to electri-
cally connect the outer and inner shield conductors of
the shielded RF cable to one another.

13. The method of claim 7, further comprising:

providing a cover configured to hold the first housing to

the shielded RF cable with the plurality of piercing
projections connected to the outer and inner shield
conductors of the shielded RF cable, wherein the cover
is configured to be placed over the first housing to hold
the first housing in place, wherein the cover has a
threaded inner surface, and wherein the first housing
has a plurality of portions that fit together around the
cable from a side of the cable, and wherein the first
housing has a threaded outer surface that mates with the
threaded inner surface of the cover; and

crimping the first housing by rotating the cover relative to

the first housing to selectively force the plurality of
piercing projections through the outer and inner shield
conductors.
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14. An RF-trap apparatus for blocking stray signals on a
shielded RF cable that has an outer shield conductor con-
centrically surrounding an inner shield conductor separated
from one another by one or more electrically insulating
layers, and at least one inner conductor for carrying RF
signals by one or more electrically insulating layers inside
the inner shield conductor, the RF trap apparatus compris-
ing:

a first housing having a plurality of piercing projections;

means for attaching the first housing to the shielded RF

cable; and

means for forcing the plurality of piercing projections of

the first housing to pierce the shielded RF cable and
electrically connect an outer shield conductor to an
inner shield conductor.

15. The apparatus of claim 14, further comprising:

a cover having a threaded inner surface,

wherein the first housing has a plurality of portions that fit

together around the cable, and wherein the first housing
has a threaded outer surface that mates with the
threaded inner surface of the cover.

16. The apparatus of claim 14, further comprising:

a cover; and

means for holding the first housing to the shielded RF

cable with the cover so the plurality of piercing pro-
jections connect the outer and inner shield conductors
of the shielded RF cable to one another.

17. The apparatus of claim 14, further comprising:

means for crimping successive portions of the first hous-

ing to pierce the shielded RF cable by forcing the outer
shield conductor successively onto the successive por-
tions of the first housing so the plurality of piercing
projections connect the outer and inner shield conduc-
tors of the shielded RF cable to one another, wherein
the outer shield conductor is configured to be placed
over the first housing after the first housing is placed on
the shielded cable to hold the first housing in place.

18. The apparatus of claim 14, wherein the first housing
has a plurality of portions that fit together around the cable,
and wherein the first housing is crimpable to selectively
force the plurality of piercing projections through the outer
and inner shield conductors.

19. The apparatus of claim 14, further comprising:

a cover; and

means for threading the cover onto the first housing to

force selected ones of the plurality of piercing projec-
tions to electrically connect the outer and inner shield
conductors of the shielded RF cable to one another.

20. The apparatus of claim 14, wherein the plurality of
piercing projections are screws.
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