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Wiring the AoIP Facility
An excerpt from the upcomming book Audio over
IP: Building Pro AoIP Systems with Livewire
BY STEVE CHURCH AND SKIP PIZZI

SIMPLIFICATION VIA CABLING
An important goal for AoIP is to simplify
installations that would otherwise be burdened with the complexity of the variety of

nents and the way in which they are
installed.
Since structured data network cabling is
standardized and widely deployed, outside
contractors can install and test your cabling
without having any specialist knowledge in
broadcasting or pro-audio.
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ETHERNET FOR AOIP SYSTEMS

cables, connectors, and wiring styles that
have proliferated over the years as new
technologies for audio routing and transport
have appeared. We’ll show you how it is
possible to use a common and standard
cable and plug approach for everything in
your plant. This goal can be achieved even
when analog and AES3 components are part
of an AoIP installation.

100BASE-TX

STRUCTURED WIRING
When you need to build a big plant, this
is the way to go. In the old days, wiring was
specific to the task, and often to the vendor.
Each telephone, network, and audio had its
own cable type and wiring protocols.
Today things are different. The idea at
standards bodies like the Telecommunications Industry Association (TIA) and the
Electronic Industries Association (EIA) is to
define classes or categories of cables and
accessories that can be used for all applications specified for that class. With this
approach, you have a vendor-independent
way to wire buildings and facilities, so that
services from many vendors can be supported over time without replacing cabling and
connectors. The name for this concept is
structured wiring. The model encompasses
both specification of the cabling compo-

AoIP systems primarily use copper
cables. By far, the two most common
Ethernet transport technologies for AoIP on
copper are 100Base-T and 1000Base-T
(often called “gigabit Ethernet”).

Although often called 100Base-T, the
current, official name for 100 Mbps
Ethernet is 100Base-TX, and it is the baseline for AoIP, using copper cables with RJ45-style plugs and jacks. It is well matched
to connections from Livewire audio nodes
to switches since the 100 Mbps bandwidth
is plenty for up to 25 send and receive stereo
audio channels.
100Base-TX Ethernet is balanced and
transformer coupled, so it has very good
resistance to interference, and has no problem with ground loops.
Name

Bandwidth

100Base-TX

100 Mbps

1000Base-T

Gigabit

1000Base-SX
100Base-FX

Gigabit
100Mbps

1000Base-LX

Gigabit
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1000BASE-T
Mixing/processing engines serve a lot of
audio channels, so a step up in bandwidth is
required for them. 1000Base-T, providing 1
Gbps bandwidth, is the usual choice. PCs
are routinely connected this way as well.
And switch-to-switch connections are
almost always gigabit, using either
1000Base-T or fiber.
The main reason to move away from the
two copper mainstays is if you wanted to
mix in some fiber where it made sense to do
so, such as for long runs. Note that there are
other possibilities as well — dozens of
Ethernet media types that have been standardized—but only a few are in wide use.
Table 5.1 summarizes the principal options
to be considered for AoIP applications.
The length numbers are the official ones
and are conservative. The full-duplex operation that AoIP uses permits even longer
runs. (In a single-duplex operation, the
propagation time for Ethernet’s collisiondetection mechanism needs to be taken into
account, but AoIP’s full-duplex operation
never has collisions.)
Ten-gigabit Ethernet (10-GbE) is an
emerging technology, used mostly to interconnect large IP routers. There are more
than 10 standards vying for acceptance. As
this is being written, 10GBase-LR and -ER
have the most common usage.

TWISTED-PAIR CABLE CATEGORIES
Cable categories (usually abbreviated
“Cat n”) are fundamental to the structured

Cable Type
2 pairs Cat5 copper (Cat5e
recommended for AoIP to add
safety margin)
4 pairs Cat5e copper (Cat6
recommended for AoIP to add
safety margin)
LED-driven multi-mode fiber
Multi-mode fiber
Single-mode fiber and
multi-mode fiber

Length

AoIP Purpose

100 m

Most common Ethernet media.
Livewire nodes, PCs.

100 m

Engine to switch, PCs, switchto-switch

550 m
2 km

Switch-to-switch
Switch-to-switch, audio nodes
with external media converters
Switch-to-switch, long runs

2 km
550 m

Table 5.1: Common Ethernet Media Types for AoIP
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wiring concept. Cabling specifications for
the various categories are in the TIA/EIA568-A (and -B) Commercial Building
Telecommunications Cabling Standard.
The most significant differences between
cables from each category are the number of
twists per foot, and the tightness with which
the twists and spacing of the pairs to each
other are controlled. The wire pairs in a
Category 3 (Cat3) cable usually have two
twists per foot and you may not even notice
the twists unless you peel back quite a lot of
the outer insulation. Cat5 is twisted around
20 times per foot. Cat6 has even tighter
twisting. Each step up results in better
crosstalk performance, with the benefit
becoming increasingly important as the data
frequency rises.

Here’s a rundown:
Cat3: Pretty much obsolete for data
applications, these are used only for voicegrade telephony and Ethernet 10Base-T.
Cat5: This designation applies to 100-Ω
unshielded twisted-pair cables and associated connecting hardware of which the transmission characteristics are specified up to
100 MHz. Cat5 cables support Ethernet
100Base-TX.
Cat5e: This is enhanced Cat5 cable. It is
quite widely deployed today because it supports both 100Base-TX and gigabit
(1000Base-T). It is probably the minimum
recommended for an AoIP installation.
Cat6: This provides significantly higher
performance than that of Cat5e. This cable
has a plastic pair separator inside that
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holds the wires in correct relation to each
other. For this reason, Cat6 cables are larger in diameter than Cat5 cables. Cat6 is
preferred for 1000Base-T, but not required.
Cat6 is a good idea for new AoIP installations that need to be future-proof, require
maximum reliability, and can absorb the
cost increment.
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