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Abstract - Wireless telecommunication providers caog at much higher frequenci¢gHF & UHF).2 These services
to improve their transmitting equipment. This industry hasse antennas that are attached to the tower strudii\é
seen the move to towerounted transmitters and receiverstowers typically havas much aseveral thousand volts
(known as Remote Radio Units). This has made obsolete fimmn the tower base to ground but capport other

use oflong lengths otoaxial cable for the wireless industry antennasnd aviation obstruction lighting fixtures long as
thus improuwng the system performance and providinghe isolation between theystemss carefully engineered.
substantial cost savingsThese RRBare fal with two fiber Wireless facilities makgood tenants and can provide a nice
optic connectiongnd a pair of 6 AWG wires for 48 VDC revenue stream for the radio statiohtypical basedriven
power. Typical wireless configurations have multiple RRUsnsulated AM tower is not difficult to use for mounting other
for varying bands (700 MHz, 800 MHz, 199z and 2100 antennasandindeed may already have isolation for sample
MHz) with configurationshaving up to 16 RRUs per cell loopsand tower lighting installefp].

site. Many AM stations have had wireless facilities- co
locate on their towers to provide additional revenue. Whe
placing these wireless facilities on series fed medium wa
antenna syems some additional considerations must b
made to manage the transition across the base insulatg
With careful engineering these facilities are quite
compatible. Kintronic Labs and others have historically
offered products such as isolation coils ard-couplers to
help these services transition the base region of the A
antenna. A new isolation coil design has bé&#mduced
that makes use @fluminum jacketednulti conductomybrid
cable for RRU installations This paper will discuss the
applicaion of this technology for installation of wireless
facilities on AM stations.
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Introduction

Many of the Medium Wave (MW)ransmitting facilities
world widehave been approached Wirelessoperatorswith
requess to colocate mobile telephone base siatantenns
on MW antenna towersAs the density of wireless facilities
increases and the process of obtaining local building permi
for towers becomes more challengingpre MW towers
have become desirable locations for wireless facilities.

Oftenwireless companieare under thenistaken
impression that they cannot-tmcate with MW stations

In MW antenna systesythevast majority offacilities
are base insulated towdrgure 1)thatusethe steel in the
toweras the energized portion of the amta Thesaowers
areelectricallyisolatedfrom ground. This is not the case for
FM, TV, Land Mobile and Wireless systems whicheypte

Fig 1 Typical Base Insulator, Antalya, Turkey

1 Medium Wave (MW)- 300 kHz to 3 MHz encompass the AM

Broadcast Band 550 kHz to 1700 kHz where the wavelength varies

from 545 meter (1788 feet) to 176 metesgq feet) lower 2VHF - Very High Frequency 30 MHz to 300 MHz and UHF
frequencies have longer wavelengths Ultra High Frequency 300 MHz to 3 GHz




Definition of Problem

Isolatingthe wireless facility from the MW antenna

correctly is important for the operation of the MW station
and the wireless facility. For the MW 8ta, additional
equipment on the tower can cause the antenna bandwidth t
be degraded and caignificantlychange the erating
impedance of the antenna systelfithe wireless equipment

is not isolatedit will ground the tower anthe MW station

will not be able to operate. If the wireless equipment is
isolated poorlythe MW station camave its tuningeverely
thrown off , its bandwidth degraded, or both. Poorly
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Traditional Solutions to the Problem
Isolating Lighting Circuits

AC electrical circuits used to feediation obstruction
lighting onMW towershave typically been adated using
one oftwo methods.These are isolation transforrsétrade
name AustirRing Transformers) and lighting chokes.
Isolation transformesfor this application use toroidal
wound configurations that have the primaryding
separated from the sendarywinding where the primary is
at ground level and the secondary is mounted on the
energized towefFigure 2, 3, and 4)The primary and
secondary are looped togetHay.
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Fig 4 Typical Properly Installed Austin Transformer,
Mersin, Turkey
AC POWER 7 The second and more common methaithéslighting
STRR choke(coil or inductor)which hasthe electical wires
. ',‘::.‘:_'_'{ wound cylindrically, forming a tightly spaced solendial,
R L A AL A provide a high impedance at the MW station's operating

frequency.Bypass capacitors are then used to prevent the
Fig 2 Austin Transformer Schematic AC voltage from passing onto the tower or onto RF ground



and tominimizedthe RFenergycoupled intathe AC system Iso-coils are sometimes parallel resonated with a

(Figure 5 and 6) This allows the AC to cross the base variable capacitor particularly on high impedance towers
insulator and isolatehe MW station from the electrical They can also b&pped for impedance controlVhen the
system. These are manufactured in various configurations dfandwidth capabilities of other transformer desisech as
number of conductors, size of conductors, aesigh for iso-couplers are not $ficient, these isecoils can be used, so
high voltage RF.These can be used for AC and DC long as the losses in the length of necessary coaxial cable
electrical circuitd4]. can be toleratedlso-coils can even be wound with elliptical

waveguide for microwave applications.
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Fig 5 Standard 3-Wire Lighting Choke Schematic

Fig 7 Isolation Coil Schematic

Fig 6 Lighting Choke Example with 6 Conductors Isolated

Isolating Radio Frequency Devicesgith Isolation Inductors
(Iso-Coils)

RF devices such as land mobile anterorasample
systens can transithe base insulator by the useigdlation
coils (isacoils). These are constructed by cylindrically
winding a coil usingoaxial cablewith either a solid metal
outer jacket or a substantial braided outer sHieigure 7, 8,
and 9) The coaxial cablprovides a pathway to the antenna Fig 8 Isolation Coil for MediaFLO TV Facility at WIR
that is mainted on the toweyet providesa high impedance
across the MW tower ba$4]|[5].




Large isecoils can have sufficient intavinding pass 21 separate conductors add/a 2oaxial line.
capacitance to present an impedance thatlisctiveat the Bundled along with the slotted copper pipe are three
low end of the band (380 pH +j1290 Ohnag)dcapacitive unjacketed 7/80 coaxi al l i nes,
at the high end of the barf@3.5 pF-j1475 Ohmspas shown together to form a single, largkameter conductor that
in Fig 9 (a high impedance at right side of Smith Chart)  forms the windag of this large is@oil. This example
Thetransition point can be tuned by a variable tap on the makes use of a parallel resonating vacuum variable capacitor
coil. to greatly mitigate the effects of this large-ismil on the

tower base impedance.
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Fig 11 Slotted Iso-coil Example

Fig 10 Iso-Coils for Wireless Facility Isolating
12 Separate 7/80 Coaxial Lines

Iso-coils can also be made using slotted copper pipe to
allow a variety of individual conductors and cables to be
encasedn the pipe for passage onto the MW towErgure
11 shows an example in which several lighting circuit
conductors and & / Roéxial line are passed through a
slotted isecoil. Figures 12 and 13 show a more extreme
example in which a large copper pipssistted and used to



Fig 13 Large Slotted Iso-Coil Terminal Box
for Multiple Conductors

Iso-coils can also be wound using any cable with a
suitable conductive outer shield, such adtireonductor
control and monitoring cables, Cat5 cables, etc. Fiflde
and 15 give an example in which a multonductor RET
(remote electrical tilt) control cable was made into an iso
coil and used along with a group of lightinigokes to
providel2 separate #10 AWG power conductorfis was
installed on a 2ower array with ndifficulties [7].
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Fig 14 Remote Electrical Tilt (RET) Cable Iso-Coil

Fig 15 Multiple Lighting Chokes Provide DC Power
Isolating Radio Frequency Devices with{8ouplers

RF devices also can transit the MW antenna base using
devices that uswansformer coupling These have been
callediso-couplerg(Figure 16) These devices place two
loopsin close proximity and pass the signal across the tower
base. Isolation for the MW station is achieved by an air gap
between the loops. These devices amawband and are
tuned for the pass frequency of the RF devigesprovide a
high impedance across the b3k



§7 and provides a significant structural issue with many towers
due to wind loading. The past few yehes/eseen the
industry move to towemounted transmitters and receivers
B (known as Remote Radio Units). 83e RR are fed with
two fiber optic connectors and a pair of 6 AWG wires for 48
1 TURN TRANSFORMER  VDC power(Figure 18) Wireless system designers have
USUALLY TUNED WITH insisted on feeding each RRU with separat&/B&

SERIES CAPACITOR connections.They do this so they can be rebooted remotely
and indivdually. Typical wireless configurations have
/ multiple RRUs for varying bands (700 MHz, 800 MHz,

1900 MHz and 2100 MHz) with configurations up to 16
RRUs per cell site. For the standard wireless #ite has a
@— great advantage. However, this is a draje when
installing these systems on MW antennas systélrhs. fiber
optic cables are neconductiveand as long as they are
appropriately physically supportgithey can transit the base
insulator with no deleterious effects on the MW station.
When face with the problem oinstalling one of these
systems on a MW facilitywe noted thaRadio Frequency
System (RFS) wasianufacturinga cableassembly that
provided the 6 AWG wiref5], 18 AWG alarm wires, and
fiber optic strands all in an aluminum corruggiarmor
Figure 16 Iso-Coupler Schematic jacket. Thesehybrid cables come in various configurations
of numbes of pairs and diameters, and can be ordered with
connectors factory installed on the fiber as wélh
example is shown in Figure 18

Fig 17 Typical Iso-Couplers for a Wireless Facility

The challenge with wireless installations bhagn the

number of antennas required for a single cellular base

station. These systems typically use two antennas per sector

with three sectors at each site. This represents at least six

isolation devices for a simple installatiomcreasingly more

bas stations are adding additional frequency bands and it is

not unusual to have sites with three bands with three sectors

which could add up to eighteen unique signal pdfrigure

17) Fig 18 Hybrid Cables Providing Power,
The wireless industry has also been trying to minimize Alarm, and Fiber

the amount o€oaxial cable as it represents a large expense



