The importance of coaxial cable
to base station performance

Low-loss flexible cable provides an alternative to semi-rigid corrugated cable with
advantages in loss, handling, ease of installation and ruggedness compensating for
tradeoffs in shielding and intermod performance.

By Robert Perelman and _‘]'00 Lanouc verse of choices, it is helpful to consider

the most important characteristics of
coaxial cable more carcfully,

Table 2—Assumptions: jumpers are 6 feet in length, the operating frequency = 2,000MHz
and there iz a 0.06dB {oss per connector,

Performance Detalls:

Flexible 5/8" low-loss cable {LMR9-500) ~~[umpers not required
Transmission Ine 1088 = (2 = 0.084B) + (150 x 0.028) = 4.02dB
List price = 150 feet ¥ $370M + $45/connecior = $645

Flexible 7/8" tow-loss cable (EMR-1200) —jumpers not required
Transmission line loss — {2 » 0.06dB) + {150 = 0.02) = 3.12dB
List price = 150 fest = $4.85/#t + $65/comector = $857.50

Semi-rigid 7/8" corrugated copper cabfe LDFS —with %" {LDF4) jumpers
Transmisston line loss = (2 X 0.064B} + (2 % 0.4) + {138 X .02} = 3.68dB
List price = 138 fgat « $6.18/ft + $96/cannector ) = $110/umper = $1,264 84

Flexible 114" low-loss cable (LMR1700) —with LMRB-900 jumpers
Transmission line loss = (2.3 0.06dB) + {2 x 0.28} + (138 % 0.015) = 2.75dB
List price = 138 teet x $7.80/ft + $110/connector + §142/4umper = $1,580 40

Semi-righd 172" corrugated copper cable LDFS —with 12" (LDF4) jumpers
Transmission line loss = (2 x G.06dB) + {2 » 0.4) + (138 > G 015) = 2.90dB
List price = 138 feet < $10.94/ft + $150/connectar + $1104umper — $2,028.72

Coaxial cables are vital to the perfor-
mance of mobile radio systems. Selecting
the best coaxial cable for an application
within a mobile radio base station has be-
comc morc complicated over the past few
years as more supplicrs have offered a
broader range of products.

The cable selected will affect the
system’s cost, coverage and reliability.
The new chojces that are available can
frequently allow for better overall system
performance at a [ower price than the
older alternatives.

Until recently, the choices were gener-
ally limited to corrugated copper cables,
convenlional braided cables and air di-
electric braided cables. Generally, corru-
gated copper cables were chosen for ap-
plications requiring the lowest loss, such
as antenna feeders. Braided coax or RG-
type cables were used for applications
requiring the greatest physical flexibility.

Air diclectric cables scemcd to offer
4 compromise, with relatively low loss
and good flexibility, bul their construc-
tion leads to performance problems.
These include meisture accumulation in
the air space, radial movemenl of Lhe
center conductor at bends, resulting in
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The flexible low-loss cables are available in a
range of sizes from 0.195" to 1.70" diameters
for a wide range of applications from moebile
antenna feeders and system interconnects to
base antenna feedars.

VSWR degradation, and axial movement
ol Lhe center conductor relative to the
outer conductor, resulting in conneclor
failures.

In recent years, several new types of
cables have been introduced for commu-
nications applications. These include
low-loss flcxible cables, which ofler loss
comparable to corrugated copper cables,
but with much better flexibility. In addi-
tion, several manufacturers have intro-
duced ncw types of semi-rigid cables
with smooth ouier conductors.

New suppliers of corrugated copper
cable have also entered thc market. To
select from this greatly expanded uni-

Table $—Transmission performance comparison (dB per 100 feet).
Times Cablewave Eupen Andrew CommSgope Thnes
Frequenty LMR-1200 | FLC78 5228 LDF5 CR501076 LER-900
(MHz) 78" /8" 7" 7 /et B8
450 086 0.850 0.810 0.824 0.780 1.15
00 1.26 125 121 1.23 1.21 1.67
2000 1.9 210 1.94 1.87 1.87 2.59

Sourge: Manufacturers’ published data.

Signal Loss

Because the function of a coaxial cable
15 to transmit R cnergy from onc peint in
a system to another, efficiency is the most
important (aclor in selecting a cable. The
loss of a cable is measured in dB/100ft,
which is a logarithmic expression of the
ratio of the output power from the cable
te 1the inpul power to the cable. The loss
of a cable is determined by the conductor
loss and the dielectric loss. Dielectric loss
remains essentially constant as the size of
the cable changes, whereas conductor loss
decreases as cable size increases, much as
the resistance of a wire decreases as the
size of the wirc incrcascs. The need for
low loss, rather than requirements for high
power handling, dictates the size of large
cables in mobile communications systems.

The 5/8" low-loss cable eliminates the need
for Jumper cables in base antenna feeder ap~
plications resulting in comparable loss o 7/8"
cabrle with jumber cables.

Because all of the cable types being
compared use low-loss dielectrics and
high-conductivity conductors, the losses
of similar size cables are close, as can be
seen in Table 1. This is not the entire story
with regard to total signal loss, because
the semi-rigid cables generally require the
use of jumper cables at each end in order
10 be routed to the radio cquipment and
the anlenna.

These jumper cables add loss to the
feeder run. Flexible cables generally can
be run without jumper cables, lowering
total signal loss, or alternatively, allow-
ing the use of a smaller cable o achieve
the same loss.

Tablc 2 above left shows a performance
comparison of 150-fool feeder runs of
flexible and semi-rigid cables.

By eliminating jumper cables with the
5/8" and 7/8" flexiblc low-loss cables,
performance similar (o the next-larger-
size corrugated copper cables can he
achieved with substantial cost savings.

The climination of four conncctor junc-
tions—Lwo on each ol the jumper
cables—pgreatly increases the reliability of
the system while simplifying and speed-
ing installation. These savings arc being
realized by syslem operators who have
chosen the 5/8" flexible cable to replace
7/8" corrugated copper cables. The differ-
ence in total signal loss is only a few
tenths of a decibel for lengths as long as
200 feet, an insignificant difference in
system performance.

The cosl savings are about 50% in
materials and a substantial savings in la-
bor. An additional savings may result
from the reduction in tower loading with
the use of smaller cable.

Shielding

Another important charactenistic of a
couaxial cable is shielding effectiveness.
This is a measure of the ability of the
cable to keep signals in the cable from
lcaking out and signals outside the cable
trom leaking into the cable.

A transmil cable with poor shielding
may allow RF energy to leak out and in-
terfere with nearby reeccive cables. Con-
versely, a poorly shielded receive cable
will allow RF energy (rom the environ-
ment into the system and may cause in-
terference. Typically for antenna feeders,
shielding is not an jmportant issuc be-
cause Lhe anlennas allow a large range ol
RF signals into the system, which must
be filtered out before the recciver.

Semi-rigid cables with solid outer con-
ductors provide (he best shielding, Lypi-
cally better than 120dB. Flexible, low-
loss cables have bonded metal tape outer
conductors with braided overshields, This
construction provides beller than 90dB
shielding. With either semi-rigid or flex-
ible cables, the weak point in shiclding is
the interfuce between the cable and the
connector, which will typically limit
shielding to about 90dB.

Because the concern is typically the
leakage of signal from a transmit cable
into a receive cable, the elleciive shield-
ing provided is the sum of the shielding
of the two cables—better than 240dB in
the case ol semi-rigid cables or 180dB in
the case of flexible cables. These levels
resule in signals that are far below the
receiver sensitivities of any practical
mobile radio system. In any case, these
cables are being used to fced antennas.

Typically, the isolation between receive

and transmit antennas will be far less than
the isolation between the cables; there-
fore, cable shielding is not the limiting
factor in these applications.

Intermodulation distortion

Intermoduiation distorlion or passive
intermodulation distortion (P1M} has been
a topic of much discussion in recent years
as a contributor to performance degrada-
tion in mobile radio systcms.

When two high-power signals are
present in a device wilh a non-linear junc-
tion (such as a semiconductor or lerro-
magnctic material), a third signal is gen-
crated at a frequency equal to two times
one of the lrequencies minus the other
frequency (sometimes referred to as
2A—B). Actually, a whole series of addi-
tional frequencics will be created, with
the 2A—B frequency being referred to as
the third-order intermod product,

In high-power systems, such as broad-
cast, the power levels of the intermod sig-
nals can be quite high relative to receive
signals and can causc major problems
with other co-located systems, Within
mobile communications sysiems, the
power levels are relatively low, and the
frequencies that arc used are uwsvally se-
lected to minimize the probability of
within-system interference from mter-
modulation. The primary concern is active
devices that usually produce intermod-
ulation products at levels much higher than
passive devices, such as cables.

PIM levels are typically expressed in
dBc (decibcls below the carrier level).
The tollowing estimated values arc bascd
on Lwo carrier lesls with carmiers in the
900MHz range at +43dBm (20W)

Semi-rigid cables with properly designed
and attached connectors can provide PIM
levels of —160dBe and better. Flexible low-
loss cables, with properly desigmed and al-
tached connectors, provide PIM levels of
—130dBc or better. The limitation in both
cases is the comector-lo-cable inlerlace and
the design of the connector.

These levels arc far better than the lev-
els provided by typical active compo-
nents, such as power amplifiers, and are
more-than-adequate for most system ap-
plications. Tn the most-common system
conliguration, additional protection for
the receiver is provided by the use of
separatc receive and transmit antennas.
The separation of the antennas results in
at least 60AB ol path loss, which reduces
the level of the intermod products in the
reecive path. In systems using the same
antenna and transmission line for trans-
mitting and receiving, the additional path
loss is not available, and the immunity of
the system to imtermod is decrcased.




