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LOW-PIM CABLE SUPPORT BRACKETS

REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional
Patent Application Ser. No. 62/689,616 filed Jun. 25, 2018,
which is incorporated by reference.

TECHNICAL FIELD

[0002] The present invention is directed to cellular com-
munication systems and, more particularly, to a low-PIM
cable bracket used to reduce PIM (passive intermodulation)
interference at cellular telephone base station antenna sites.

BACKGROUND

[0003] An essential element of modern mobile communi-
cations systems is the cellular telephone base station, also
known as a “cell site.” The cell site includes one or more
directional base station antennas aimed at a desired geo-
graphical area of coverage with coaxial cables connecting
the antennas to base station radio equipment. The perfor-
mance of a cell site is often limited by passive intermodu-
lation (PIM) interference. PIM interference occurs when the
high-power downlink signals transmitted by the base station
antennas mix at passive, non-linear junctions in the RF path,
creating new signals known as intermodulation products.
When these intermodulation products fall in an operator’s
uplink band, they act as interference and reduce the SINR
(signal to interference plus noise ratio). As the SINR is
reduced, the geographic coverage and data capacity of the
cell site is reduced.

[0004] It is well documented that loosely touching metal-
to-metal surfaces can behave in a non-linear fashion and
become sources of PIM interference when illuminated by
high power RF (radio frequency) signals. Recently, it has
been determined that loose metal-to-metal connections
located behind base station antennas are also able to gener-
ate high levels of PIM interference. Even though this region
is well outside the main beam of the antenna, enough RF
energy is present in this region to excite non-linear objects
and generate PIM interference. Based on field measurements
it has been determined that loose metal-to-metal contacts
located very close to base station antennas (within 1 wave-
length of the carrier frequency) are more likely to generate
high levels of PIM interference than loose metal-to-metal
contacts located farther away (greater than 1 wavelength)
from base station antennas.

[0005] A common source of loose metal-to-metal contact
found in the region close to the base station antenna is metal
brackets and associated hardware for supporting coaxial
cables. Coaxial cables, typically '4-inch in diameter, are
used to transfer RF signals between tower mounted radio
equipment and the base station antenna. These cables need
to be mechanically supported periodically along their length
to prevent movement of the cable in the wind. The metal
antenna mounting pipe close to the back of the base station
antenna provides a convenient rigid surface to mechanically
secure these coaxial cables. At operating frequencies at or
below 2 GHz, this mounting pipe is typically located within
1 wavelength of the antenna within the zone of high PIM
concern.

[0006] Two different methods for mechanically supporting
coaxial cables are commonly found at cell sites. The first
utilizes two plastic clamp blocks that fit around one or more
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coaxial cables. An example of this style cable support block
is disclosed in U.S. Pat. No. 5,794,897 to Jobin et al, which
is incorporated by reference. A 34-inch or 10 mm diameter
stainless steel threaded fastener is inserted through the
support block pairs and stainless-steel hardware is installed
to clamp the plastic block halves together on the threaded
fastener. A steel interface bracket is often attached to one end
of the threaded fastener using nuts and lock washers. The
interface bracket is then secured to the antenna mounting
pipe or other nearby metal members using a stainless-steel
hose clamp. The hose clamp provides a convenient method
for securing interface brackets to metal members since the
hose clamp conforms easily to different shapes and is
adjustable in length allowing it to fit around a wide variety
of metal member sizes.

[0007] A second system for mechanically supporting
coaxial cables uses metal “snap-in” style single-cable cable
hangers. The snap-in cable hangers are made from thin “U”
or “C” shaped stainless-steel members designed to wrap
around individual coaxial cables. The hangers include lock-
ing features able to insert into round holes in supporting
interface brackets. Once inserted, the locking features on the
hanger expand outward to secure the cable to the interface
bracket. Variations of this hanger design include holes on
one end of the hanger to accept additional cable hangers.
This enables multiple coaxial cables to be secured to a single
interface bracket by stacking one hanger on top of another.
Examples of this style cable hanger is disclosed in U.S. Pat.
No. 6,899,305 to Korczak et al., which is incorporated by
reference. The interface brackets used to support this style of
hanger are also commonly secured to the antenna mounting
pipe or other nearby metal members using stainless-steel
hose clamps.

[0008] Multiple sources of PIM interference are present
with these conventional cable support designs. First, if the
hose clamp used to secure the interface bracket to the
antenna mounting pole is not tightened sufficiently, PIM can
be generated at the loose metal-to-metal contact between the
hose clamp and the antenna mounting pipe and at the loose
metal-to-metal contact between the interface bracket and the
antenna mounting pipe. Second, even if tightened suffi-
ciently, there is potential for PIM generation at the free end
of the hose clamp beyond the tightening mechanism where
the steel banding is able to lightly contact itself as well as
other metal objects. Third, hose clamps are typically con-
structed from stainless-steel and antenna mounting pipes are
typically constructed from galvanized steel. Galvanized
steel and stainless steel are dissimilar metals at opposite
ends of the galvanic series. Small pockets of corrosion can
form over time between the two dissimilar metals that
generate passive intermodulation. PIM can also be generated
at metal-to-metal contacting surfaces between stacked metal
snap-in style cable hangers and at the metal-to-metal con-
tacting surface between the interface bracket and the snap-in
hanger.

[0009] Manufacturers such as Commscope have recently
introduced plastic versions of their stackable snap-in style
cable hangers that will eliminate some of the PIM producing
interfaces. U.S. Pat. No. 10,253,906 to Vaccaro, which is
incorporated by reference, describes this product. The plas-
tic snap-in style hangers do not, however, eliminate PIM
associated with hose clamps or the PIM generated at the
metal-to-metal contact between the metal interface bracket
to antenna mounting pipe. In addition, FIMO, an Italian
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manufacture, sells the “BAP-10” plastic cable bracket,
which eliminates some sources of PIM in the cable bracket
interface. However, this device has an arcuate pole interface
fitted to a specific pole size, which limits each cable bracket
to a pole with a specific diameter.

[0010] Heavy duty plastic cable ties are available as a low
PIM replacement for hose clamps for attaching metal inter-
face brackets to metal support members at the cell site.
These heavy duty plastic cable ties do not, however, elimi-
nate PIM generated at the metal-to-metal contacts between
the metal interface bracket and metal support members.
[0011] A reliable, inexpensive, easy to deploy cable sup-
port solution is needed to secure coaxial cables to antenna
mounting pipes and other steel members in close proximity
to base station antennas without generating passive inter-
modulation. It is desirable that this solution be able to re-use
existing deployed hardware where possible to reduce cost.

SUMMARY

[0012] The present invention meets the needs described
above through low-PIM cable support brackets used to
support cables feeding antennas and other types of equip-
ment at cellular base stations (cell sites). A variety of
polymeric mounting brackets, cable ties, cable support
blocks, and stackable hangers are used to eliminate loose
fitting metal-to-metal contact points that tend to create PIM.
Iustrative embodiments include mounting brackets with
standoff features allowing the same bracket to securely
attach to poles of different diameter, an external hex profile
for receiving a wrench, and a fitted receptacle for receiving
a bracket end fastener to facilitate installation. Polymeric
cable ties fed through cable slots in the mounting bracket
may be positioned to prevent the bracket end fastener from
falling out of the fitted receptacle. The low-PIM cable
support brackets are suitable for use within 1 carrier wave-
length typically behind and around cellular base station
antennas where conventional cable brackets have been iden-
tified as problematic PIM interference sources.

[0013] It will be understood that specific embodiments
may include a variety of features in different combinations,
as desired by different users. The specific techniques and
systems for implementing particular embodiments of the
invention and accomplishing the associated advantages will
become apparent from the following detailed description of
the embodiments and the appended drawings and claims.

BRIEF DESCRIPTION OF THE FIGURES

[0014] The numerous advantages of the embodiments of
the invention may be better understood with reference to the
accompanying figures.

[0015] FIG. 1is a side view of a portion of a cellular base
station antenna site using a low-PIM cable bracket.

[0016] FIG. 2 is a top view of the low-PIM cable bracket.
[0017] FIG. 3 is a top perspective view of a low-PIM
mounting bracket.

[0018] FIG. 4 is bottom perspective view of the low-PIM
mounting bracket.

[0019] FIG. 5A is a top view of another type of low-PIM
cable bracket with a first type of multi-hanger bracket.
[0020] FIG. 5B is a top view of another type of low-PIM
cable bracket with a second type of multi-hanger bracket.
[0021] FIG. 5C is a top view of another type of low-PIM
cable bracket with a third type of multi-hanger bracket.
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[0022] FIG. 5D is a top view of another type of low-PIM
cable bracket with a fourth type of multi-hanger bracket.

[0023] FIG. 6 is a top view of another type of low-PIM
cable bracket.
[0024] FIG. 7 is a top perspective view of an extended

low-PIM mounting bracket.

[0025] FIG. 8 is a bottom perspective view of the extended
low-PIM mounting bracket.

[0026] FIG. 9 is a perspective view of another type of
low-PIM cable bracket.

[0027] FIG. 10 is a perspective view of a divided-slot
low-PIM mounting bracket.

DETAILED DESCRIPTION

[0028] Embodiments of the invention include low-PIM
cable brackets using polymeric (non-metallic) components
to eliminate loose fitting metal-to-metal connections that
have been found to be problematic PIM generation points.
For example, the polymeric components typically include an
injection molded plastic mounting bracket, polymeric cable
ties, and a polymeric cable support block. The low-PIM
cable bracket is particularly well suited for use within one
carrier wavelength behind and around a cellular base station
antenna to eliminate problematic PIM interference gener-
ated by conventional cable brackets. The polymeric mount-
ing bracket includes a pair of spaced apart standoff features,
such as contact ridges, that allow the same mounting bracket
to be secured to a wide range of support poles or pipes with
different diameters. Several different types of polymeric
mounting brackets can each be used to support a variety of
polymeric cable support blocks, such as stackable single-
cable hangers, two-cable support blocks, six-cable support
blocks, and so forth. Particular embodiments include differ-
ent varieties of polymeric multi-hanger brackets that, in turn,
support multiple stacks of polymeric single-cable hangers.
[0029] Each type of low-PIM cable bracket is therefore a
multi-function injection molded plastic interface bracket
that can be securely attached to poles having a range of
different diameters. The low-PIM cable bracket further
supports the mounting hardware required for plastic clamp
style cable support blocks as well as polymeric or metal
interface brackets used with stackable snap-in single-cable
hangers. A key element of the design is the polymeric
mounting bracket, typically fabricated from injection
molded plastic, to eliminate metal-to-metal contact between
the mounting bracket and the usually metal pole, metal
support members, and between the bracket and metal inter-
face brackets installed at the cell site. The polymeric bracket
includes standoff features, such as parallel ridges, as the pole
contact points enabling secure attachment to poles with a
wide range of pipe diameters.

[0030] The polymeric mounting bracket also includes
molded-in features to accept threaded fasteners of different
lengths and resist rotation of the fastener when hardware is
installed and torqued to >10 FT-LB on one side of the
bracket. Example fasteners include long threaded bolts for
supporting one or more pairs of clamp style cable support
blocks and short threaded bolts for supporting polymeric or
metal interface brackets used with plastic stackable snap-in
style single-cable hangers. The polymeric mounting bracket
also mount to interface brackets that accept multiple stacks
of snap-in cable hangers with integral locking features for
securing a polymeric or metal interface brackets to the
mounting bracket. The polymeric mounting bracket also
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includes molded-in features to locate and constrain the
position of one or more heavy duty, weather resistant
polymeric cable ties to secure the mounting bracket to a steel
pole or similar support structure at the cell site, such as a
vertical mast or horizontal support member. Features used to
locate the cable tie on the mounting bracket are designed to
prevent the cable ties from slipping up or down with respect
to the mounting bracket include a groove that a cable tie is
tightened upon, slots that the cable tie extends through, and
divided slot used to position two cable ties in side-by-side
position.

[0031] FIG.1 is a side view of a portion of a cell site using
a first type of low-PIM cable bracket 10. The illustrated
portion of the cell site includes a pipe or pole 11 supporting
cell site equipment, in this example a base station antenna 12
from which a number of cables 13 extend. The low-PIM
cable bracket 10 is attached to the pole 11 in position to
support the cables 13. While the base station antenna 12
attached to the pole 11 is illustrated, the low-PIM cable
bracket 10 can be attached to any other suitable type of
bracket or other support structure, and used to support cables
extending from any other type of cell site equipment, such
as an antenna, radio, amplifier, diplexer, filter and so forth.
The low-PIM cable bracket 10 avoids generating PIM
through the use of polymeric (non-metallic) components, in
this example including a polymeric mounting bracket 14,
polymeric cable ties 15, and polymeric cable support block
17. The polymeric mounting bracket 14 is connected to the
polymeric cable support block 17 by a fastener rod 16, such
as a threaded rod or bolt and associated nuts.

[0032] While the illustrated polymeric mounting bracket
14 is shown attached to a pole, it may be configured to attach
to any suitable bracket or other support structure, such as a
bracket with a square cross-section, an angle bracket, and so
forth. Similarly, while two polymeric cable ties 15 are
illustrated, alternate embodiments may use a single cable tie,
three cable ties, or another number of cable ties suitable for
the particular embodiment. In addition, alternate embodi-
ments of the polymeric cable support block 17 may support
a smaller or larger number of cables than the illustrated
embodiment. The fastener rod 16 may generally be poly-
meric or metal. Polymeric nuts may be used with a metal
fastener rod, and a polymeric snap-in fastener may be
suitable when connecting the mounting bracket to a metal
part, such as a metal interface bracket, to avoid a metal-to-
metal contact point at the interface between the fastener and
the metal interface bracket.

[0033] FIG. 2 is a top view of an illustrative embodiment
of the low-PIM cable bracket 10 attached to the pole 11 with
a representative polymeric cable tie 15 secured by a poly-
meric cable tie buckle 21. In this embodiment, the polymeric
mounting bracket 14 includes a pair of spaced-apart standoft
features 20 that contact the pole 11. The standoff features, in
this example spaced-apart contact ridges 20, avoid limiting
the mounting bracket 14 to a pole with a specific diameter,
which would be the case if the mounting bracket had an
arcuate contact profile matching a pole with a specific
diameter. This allows the same polymeric mounting bracket
14 to attach a wide range of poles with different diameters.
While a pair of radiused contact ridges 20 are utilized in the
representative embodiment, other types of standoff features
may be used to allow the same cable bracket to securely
attach to a range of poles of different diameters, such as
standoff features that are angled, pointed, toothed, dimpled,
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knurled, serrated, ribbed and so forth. Although a pair of
standoff features is considered sufficient in the illustrative
embodiments, additional standoff features may be included
as a matter of design choice.

[0034] In this embodiment, the fastener rod 16 is a bolt or
threaded rod with a bracket end fastener 22 (e.g., bolt head
or end nut) that is received into a fitted receptacle in the
mounting bracket 14 so that other nuts on the fastener rod
can be tightened without putting a wrench on the bracket end
fastener. The bracket end fastener 22 and a bracket nut 23 are
used to tighten the mounting bracket 14 to one end of the
fastener rod 16, while a compression nut 24 and an end nut
25 are used to tighten the cable support block 17 to another
position along the fastener rod 16, such as the opposing end
of the fastener rod. This allows the cable support block 17
and the mounting bracket 14 to be securely spaced apart
along the fastener rod 16. The fastener rod may extend
further beyond the cable support block 17 allowing another
cable support block to be secured at another location along
the fastener rod.

[0035] FIG. 3 is a top perspective view and FIG. 4 is
bottom perspective view of the polymeric mounting bracket
14. This embodiment includes a pair of cable tie slots 30
through which one or two cable ties are extend to attach the
mounting bracket to a pole (while only one slot is shown in
the illustration, the mounting bracket 14 includes a matching
slot on the opposing side of the bracket, which is hidden
from view). The spaced apart standoff features 20 allow the
mounting bracket 14 to securely mount to poles of different
diameter. The fitted receptacle 40 receives a bracket end
fastener (e.g., bolt head or end nut) of the fastener rod 16 to
allow the mounting bracket to be tightened against a pole or
other mounting member without putting a wrench on the
bracket end fastener. In addition, a cable tie inserted through
the cable tie slots 30 holds the bracket end fastener received
in the fitted receptacle 40 in place, which facilitates instal-
lation by preventing the bracket end fastener from inadver-
tently falling out of the mounting bracket 14 while installing
the mounting bracket on a pole or other support member.
[0036] As an alternative applicable to all of the illustrative
embodiments, in lieu of the cable tie slots, the mounting
bracket body may include integral (built-in or pre-attached)
cable tie halves extending from opposing sides of the
mounting bracket body. In this case, the mounting bracket
body may also include a detent feature in the fitted recep-
tacle (e.g., a dimple on a face of the fitted receptacle) or a
clip that fastens across the fitted receptacle after the bracket
end fastener (e.g., the head of a bolt or end nut) has been
received in the fitted receptacle to prevent the bracket end
fastener from falling out of the fitted receptacle.

[0037] FIG. 5A is a top view of another type of low-PIM
cable bracket 50-1. In this embodiment, the mounting
bracket 14 is attached to a four-sided multi-hanger bracket
52-1, which has one side attached to the mounting bracket
14 and other three sides positioned to receive one or more
polymeric stackable single-cable hangers 53. This particular
example includes three sets 54a-c¢ of three stacked single-
cable hangers 53 with each stack extending from a respec-
tive side of the multi-hanger bracket 52-1. Each side of the
multi-hanger bracket 52-1 is typically manufactured with a
hole sized to receive the mounting bracket 14 or a standard
stackable single-cable hanger 53. To provide one specific
example, the stackable single-cable hanger 53 may be of the
type described in U.S. Pat. No. 10,253,906 to Vaccaro,
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which is incorporated by reference. While conventional
multi-hanger brackets are typically metallic, the bracket
52-1 may alternatively be polymeric to provide additional
PIM suppression.

[0038] FIG. 5B is a top view of another type of low-PIM
cable bracket 50-2 with a second type of multi-hanger
bracket 52-2. In this example, the multi-hanger bracket has
a rectangular shape in which one of the longer sides is
attached to the mounting bracket 14 by a fastener rod (e.g.,
bolt) 51 and an opposing longer side provides three holes for
receiving three side-be-side stacks of the single-cable hang-
ers 53. FIG. 5C shows another type of low-PIM cable
bracket 50-3 with a third type of multi-hanger bracket 52-3.
In this example, the multi-hanger bracket 52-3 has a shorter
side that mounts to the mounting bracket 14, while each
longer side has holes for receiving three side-by-side stacks
of the stackable single-cable hangers 53. FIG. 5D shows
another type of low-PIM cable bracket 50-4 with a fourth
type of multi-hanger bracket 52-4. In this example, the
multi-hanger bracket 52-4 is a flat plate with four aligned
receptacles for receiving stackable single-cable hangers.
These specific interface brackets are merely illustrative, and
other types of multi-hanger interface brackets may be
employed.

[0039] FIG. 6 is a top view of another type of low-PIM
cable bracket 60. This embodiment is similar to the low-PIM
cable bracket 50-1 shown in FIG. 5A, except that the
fastener rod 51 has been replaced by a polymeric snap-in
connector. This is avoids a metal-to-metal potential PIM
source when the multi-hanger interface bracket is metallic.
[0040] FIG. 7 is a top perspective view and FIG. 8 is a
bottom perspective view of an extended low-PIM polymeric
mounting bracket 70. This example is provided to demon-
strate that a longer mounting bracket with longer standoff
features 71 to provider greater stability for the pole-mount
connection. The example also shows an alternate type cable
tie connection, in which two cable ties are tightened into
cable tie grooves molded into the mounting bracket 70.
[0041] FIG. 9 is a perspective view of another type of
low-PIM cable bracket 90. In this example, a divided-slot
polymeric mounting bracket 91 and a pair of cable ties 92a-b
attach the bracket to a pole 93 or other support member. A
fastener rod 94 supports a polymeric two-cable support
block 95 from the mounting bracket 91. A bracket nut
secures the fastener rod 94 to the mounting bracket 91, while
an end nut 97 and a compression nut 98 (hidden in this view)
secure the support block 95 spaced apart from the mounting
bracket 91 along the fastener rod 94.

[0042] FIG. 10 is a perspective view of the divided-slot
polymeric mounting bracket 91, which includes a first set of
cable tie slots 100a-b separated by a first divider 102 on one
side of the mounting bracket, and a second set of cable tie
slots 100c-d separated by a second divider 103 on the
opposing side of the mounting bracket. The cable tie slots
100a-b and dividers 102, 103 maintain the cable ties 92a-b
extending through the slots in place to facilitate installation
of the mounting bracket 91 on the pole 93. The mounting
bracket 91 also includes a hole 104 for receiving the fastener
rod 94 aligned with a fitted receptacle 105 on the underside
of the mounting bracket 91, similar to the threaded recep-
tacle 40 shown in FIG. 4. Again in this embodiment, cable
ties inserted through the cable tie slots 100a-100¢ and
1005-1004 prevent a bracket end fastener (e.g., bolt heads or
end nut) received in the fitted receptacle 105 from falling out
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of the fitted receptacle, which facilitates installation by
preventing the bracket end fastener from slipping or inad-
vertently falling out of the mounting bracket 91 while
installing the mounting bracket on a pole or other support
member. This arrangement prevents the cable ties and the
bracket end fastener from falling out of the mounting
bracket while the technician attempts to install the mounting
bracket on the pole. The mounting bracket 91 also includes
an external hex profile 107 designed to receive a wrench to
prevent the mounting bracket from slipping or rotating
during installation and tightening on the pole or other
support member. For example, the hex profile 107 may be
14 inches across the flats, which is the same wrench size
used to for 7-16 DIN RF connectors already used widely by
installers at cellular base station sites.

[0043] As an alternative to the fitted receptacle 105, the
hole 104 may include a threaded collar 106 for receiving the
fastener rod 94, which allows the fastener rod to be attached
to the mounting bracket 91, and changed out, after the
bracket has been attached to the pole, which further facili-
tates the installation. This alternative may also be convenient
for a retrofit installation utilizing a new mounting bracket 91
to be connected to a preexisting fastener rod 94. In this case,
the new mounting bracket can be easily threaded onto the
preexisting fastener rod, and then secured with polymeric
cable ties to the pole or other support member, without
having to disassemble the other elements of the cable
support assembly connected to the fastener rod.

[0044] Additional embodiments may use clamp-style
cable hangers that are screwed onto and tightened along the
threaded fastener rod at desired positions. This embodiment
includes a low-PIM polymeric mounting bracket attached to
a pole with a threaded rod that also supports one or more
clamp-style cable hangers. For example, a particular
arrangement may include a low-PIM polymeric mounting
bracket supporting two clamp-type cable hanger from a
common fastener rod. These cable arrangements are typi-
cally found behind cellular base station antennas within one
carrier wavelength of the antenna (i.e., one wavelength of
the base station uplink or downlink carrier frequency). The
low-PIM embodiments represent good retrofit alternatives
for existing clamp-type cable support arrangements where
the pole bracket in the preexisting cable arrangement is
identified as the source of the problematic PIM interference.
In this scenario, the mounting bracket is replaced while the
preexisting clamp-type cable support(s) need not be
replaced. In addition, the low-PIM cable bracket 90 with the
threaded fastener rod receptacle 105 shown in FIGS. 9-10
may further facilitate attaching of the preexisting cable-type
cable support block to the new mounting bracket. As another
option, a hand-held PIM probe as described in Bell, U.S.
Pub. 2018-0088161, which is incorporated by reference,
may be used to identify the problematic mounting bracket in
the preexisting cable arrangement.

[0045] While particular aspects of the present subject
matter have been shown and described in detail, it will be
apparent to those skilled in the art that, based upon the
teachings of this disclosure, changes and modifications may
be made without departing from the subject matter described
in this disclosure and its broader aspects and, therefore, the
appended claims are to encompass within their scope all
such changes and modifications as are within the true spirit
and scope of the subject matter described in this disclosure.
Although particular embodiments of this disclosure have
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been illustrated, it is apparent that various modifications and
embodiments of the disclosure may be made by those skilled
in the art without departing from the scope and spirit of the
disclosure.

[0046] It is believed that the present disclosure and many
of its attendant advantages will be understood by the fore-
going description, and it will be apparent that various
changes may be made in the form, construction and arrange-
ment of the components without departing from the dis-
closed subject matter or without sacrificing all of its material
advantages. The form described is merely explanatory, and
it is the intention of the following claims to encompass and
include such changes. The disclosure is defined by the
following claims, which should be construed to encompass
one or more structures or function of one or more of the
illustrative embodiments described above, equivalents and
obvious variations. It will therefore be appreciated that the
present invention provides significant improvements. The
foregoing relates only to the exemplary embodiments of the
present invention, and that numerous changes may be made
therein without departing from the spirit and scope of the
invention as defined by the following claims.

The invention claimed is:

1. A low-PIM cable bracket, comprising:

a polymeric mounting bracket;

a cable support block supported by the mounting bracket;

one or more polymeric cable ties for attaching the mount-

ing bracket to a support member;

wherein the mounting bracket further comprises a pair of

spaced apart standoff features configured for support-
ing the mounting bracket against a range of support
member poles having different diameters.

2. The low-PIM cable bracket of claim 1, wherein the
mounting bracket further comprises a pair of slots for
receiving the one or more polymeric cable ties.

3. The low-PIM cable bracket of claim 2, wherein the
mounting bracket further comprises a fitted receptacle for
receiving a bracket end fastener positions so that a cable tie
positioned through the pair of slots blocks the bracket end
fastener from falling out of the fitted receptacle.

4. The low-PIM cable bracket of claim 1, further com-
prising an external hex profile configured to receive a
wrench to facilitate tightening the mounting bracket onto a
mounting member.

5. The low-PIM cable bracket of claim 1, further com-
prising a fastener rod connecting the mounting bracket and
the cable support block spaced apart along the fastener rod.

6. The low-PIM cable bracket of claim 1, further com-
prising a multi-hanger bracket connected to the mounting
bracket configured to receive one or more stacks of stack-
able single-cable hangers.

7. The low-PIM cable bracket of claim 1, further com-
prising a multi-hanger bracket connected to the mounting
bracket comprising one or more support faces, wherein each
support face is configured to receive a stack of stackable
single-cable hangers.

8. The low-PIM cable bracket of claim 1, further com-
prising a multi-hanger bracket connected to the mounting
bracket comprising a support face configured to receive a
plurality of side-by-side stacks of stackable single-cable
hangers.

9. The low-PIM cable bracket of claim 1, further com-
prising a multi-hanger bracket connected to the mounting
bracket comprising a plurality of support faces that are each
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configured to receive a plurality of side-by-side stacks of
stackable single-cable hangers.

10. The low-PIM cable bracket of claim 1, further com-
prising a multi-hanger bracket connected to the mounting
bracket by a polymeric snap-in connector.

11. The low-PIM cable bracket of claim 1, wherein the
mounting bracket further comprises a first pair of grooves
configured to receive two cable ties in side-by-side position.

12. The low-PIM cable bracket of claim 1, wherein the
mounting bracket further comprises a first pair of slots slot
separated by a first divider for receiving two cable ties in a
side-by-side position, further comprising a second pair of
slots slot separated by a second divider for receiving the two
cable ties in the side-by-side position.

13. The low-PIM cable bracket of claim 1, wherein the
mounting bracket further comprises a threaded receptacle
for receiving a fastener rod.

14. The low-PIM cable bracket of claim 1, wherein the
mounting bracket consists essentially of injection molded
plastic.

15. A low-PIM mounting bracket, comprising:

a polymeric body comprising two or more spaced apart
standoff features configured for supporting the mount-
ing bracket against a range of support member poles
having different diameters;

a first pair of slots separated by a first divider for receiving
first and second cable ties in cable ties in side-by-side
position, and a second pair of slots separated by a
second divider for receiving the two cable ties in the
side-by-side position;

a fitted receptacle for receiving a bracket end fastener of
a fastener rod positioned so that the first and second
cable ties received through the first and second pairs of
slots block the bracket end fastener from falling out of
the fitted receptacle;

an external hex profile configured to receive a wrench to
facilitate tightening the mounting bracket onto a
mounting member.

16. The low-PIM cable bracket of claim 1, wherein the
mounting bracket further comprises a pair of polymeric
cable ties received through the first and second pairs of slots.

17. A method for mitigating passive intermodulation
(PIM) at a cellular base station antenna broadcasting at
signals having a carrier wavelength, comprising:

identifying a PIM source cable bracket with a loose fitting
metal-to-metal contact point within one carrier wave-
length;

replacing the PIM source cable bracket with a low-PIM
cable bracket comprising:

a polymeric mounting bracket;

a cable support block supported by the mounting
bracket;

one or more polymeric cable ties for attaching the
mounting bracket to a support member;

wherein the mounting bracket further comprises a pair
of spaced apart standoff features configured for sup-
porting the mounting bracket against a range of
support member poles having different diameters.

18. The method of claim 17, wherein the mounting
bracket further comprises a pair of slots for receiving the one
or more polymeric cable ties.

19. The method of claim 17, wherein the mounting
bracket further comprises a fitted receptacle for receiving a
bracket end fastener positions so that a cable tie positioned
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through the pair of slots blocks the bracket end fastener from
falling out of the fitted receptacle.

20. The method of claim 17, further comprising an
external hex profile configured to receive a wrench to
facilitate tightening the mounting bracket onto a mounting
member.
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