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Nexus Technology Review -- Exhibit A  

 
Background 
 

A. Types of DSL Lines  
 

DSL comes in many flavors: ADSL, ADSL2, ADSL2+, VDSL and VDSL2. Each DSL variant respectively 
operates up a higher frequency level. Thus, ADSL works up to 1.1MHz while VDSL2 works up to 30 MHz. 
What each type has in common is that its bandwidth is sensitive to distance. As the connection length 
increases, signal quality and speed decrease, and noise increasingly couples into the line. In short, there 
is a trade-off between bandwidth and distance. 

Because the relative level of noise increases with the length of the cable, current ADSL (Asymmetrical 
DSL) technology, which provides sufficient bandwidth for high speed Internet access to the home (up to 
8 mbps), cannot effectively reach a customer more than 3.5 miles from the DSLAM equipment located in 
the CO. As a result, carriers generally do not provision ADSL beyond 18,000 feet.  

More advanced DSL technologies, ADSL2+ and VDSL2, by delivering much higher speeds, enable carriers 
to deliver the triple play of video, data and voice services to customers. The architecture for ADSL2+ and 
VDSL2 is based upon a combination of optical fiber and twisted pair. A street cabinet containing the DSL 
equipment, generally referred to as a remote terminal (RT) or remote node, is connected to the routing 
and switching infrastructure by fiber optic cable emanating from the CO, while the connection to the 
customer’s home or business continues to be a copper line.  

As expected, ADSL2+ and VDSL2 are more distance-limited than ADSL. ADSL2+  typically delivers a data 
rate of not less than 12 mbps to a subscriber home that is within approximately 8000 feet of an RT. 
VDSL2, or very high speed DSL line, generally delivers maximum data rates of 25 mbps to subscriber 
homes within 3000 feet of the node. Since the frequency and data density increase for these advanced 
DSL lines, the requirement for a low noise environment becomes even more stringent than for ADSL 
lines.  

B. Signal Characteristics of Copper Wires 
 

While DSL installations continue to increase rapidly, the foundation technology is not without problems. 
Its capabilities are limited by the nature of the transmission medium used for DSL signals, i.e., twisted 
copper wire pairs in cable bundles. Each pair, known as Unprotected Twisted Pair (UTP), is laid directly 
into the cable without any metallic electrical shield between it and the surrounding pairs. UTPs are 
twisted so that any influence on one will equally influence the other. Each cable bundle may contain any 
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number of UTPs, from 1 to several hundred, although the usual practice restricts the upper limit to 100 
pairs and 50 pairs is typical. 

If wire pairs were perfect, there would be no noise in them at all (except thermal noise, about which 
nothing can be done). However, as will be explained below, virtually all telephone lines are in fact 
imperfect. 

As a result of complex physics involving signal generation and transmission via imperfect copper wires, a 
large number of unwanted signals are generated within the line. These unwanted signals interfere with 
the original transmissions and create “noise” in the network, which limits data throughput and reach, 
oftentimes severely. Conversely, any device or method that reduces the amount of noise in the line, or 
in any of the UTPs that establish the connection between the DSLAM and modem, will improve the 
ability of the system to carry data. 

Noise problems on DSL lines are well known and extend back to the mid-1990s, the earliest days of DSL. 
At that time, the drive within telecommunications companies was simply to produce a working system 
as quickly as possible. There was no time to optimize the system and, as often happens, the “quick 
solutions” became IEEE industry standards. Unfortunately, once the standards were established, the 
problems related to the wires and the noise within them became accepted as endemic and little attempt 
has been made to reduce its presence in the conductor wires.  

There are two major sources of noise and they significantly impact the data rate and reach of all DSL 
lines. It should be noted these same problems can affect voice frequency and video signals as well, 
making telephone conversations difficult or, in extreme cases, impossible; and causing the video 
experience to be much less than satisfactory. 

Crosstalk.  Interference between neighboring copper twisted pair wires in a cable can cause signals from 
one transmitting wire pair to appear as noise in a neighboring pair. The greater the number of lines in a 
cable bundle, the greater the amount of crosstalk. Crosstalk is generally regarded as the most significant 
source of noise. 

External Interference.  Outside electrical events, such as lightning, welding arcs, poorly suppressed car 
engines, “ham” radio, etc., can be coupled into the signal in the cable creating additional interference. In 
fact, any source of electromagnetic or radio frequency interference will couple into the line. These 
coupled signals can sometimes reach several hundred volts.  

Included in this category is impulse noise, which consists of random occurrences of energy spikes, such 
as those taking place inside the home coming from household appliances and electronic equipment. For 
Internet users, high amounts of impulse noise can cause the service to slow down and result in errors in 
downloaded data. With IPTV, even low levels of impulse noise can result in video pixelation or breaks in 
the audio content. 
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In addition to these two major noise sources, noise can come from two to four wire line conversion 
(hybrid) echo. This is an echo of the transmitted signal which is frequently transmitted into the local 
receive side of the circuits, where it too appears as noise.  Noise can also result from impedance 
mismatch between line and equipment (reflection). This can occur when signals can be bounced back if 
the line, as usually happens, has resistance (or impedance) different from connecting equipment at the 
telephone exchange, DSLAM or Customer Premises Equipment. 

DSL standards bodies struggled with the noise problem and eventually focused on a single, digital 
domain solution: echo cancellation. By so doing, standards bodies ensured the delivery of DSL to 12,000 
feet, and tolerably well to 18,000 feet -- assuming the lines were in pristine physical condition, which 
most are not. However, many residences are located beyond this distance, or connected to shorter lines 
with noise related issues.  

Although noisy lines can, and do occur, anywhere for a variety of reasons, noise is particularly a problem 
in areas with long telephone lines. The North American practice of stringing telephone cables on poles 
co-linear with high voltage electrical distribution lines makes these cables and the telephones connected 
to them exceptionally susceptible to “mains hum,” one of the worst interferers.  

Nexus Technology 
 

The ability of UPTs to carry signals without being subject to the ingress of external interference or 
radiating its own signal into other pairs within the bundle depends in large part on the balance of the 
line, more precisely, the degree of imbalance.  

A perfectly balanced line virtually does not exist in the real world because manufacturing faults, 
installation twists and bends in the wire pair, jumper wires in the distribution frame, multiple 
connections and ports, splices in the cable, and numerous other factors, all contribute to inequalities in 
the impedance between each wire in the pair, thereby leading to pair imbalance. Line imbalance builds 
up as the line lengthens; a longer line, under normal circumstances, will be less balanced than a shorter 
line. 

Line imbalance is caused by a difference in impedance between each individual wire within the pair. In a 
perfectly balanced line, the wires in the pair present an identical impedance to electrical signals within 
them and an identical impedance to ground. Any difference in any one of these, say 49 ohms versus 50 
ohms, will cause the line to be unbalanced. Wire pairs are made more susceptible to the influx of noise 
by line unbalance and by high impedance common mode terminations at cable ends, such as are fitted 
in a standard DSL installation.   

Line unbalance has two effects: First, it causes the transmitted signal itself to become unbalanced and, 
second, it allows external electromagnetic interferers to couple readily into the line. An unbalanced 
signal will radiate from the pair in question and contaminate adjacent pairs in the same cable bundle. At 
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the same time, radiation from adjacent pairs and from external interferers will be received by the pair 
and be perceived as pure noise by the signal propagating within the victim pair. 

Any line unbalance will cause part of the transmitted signal to be parasitically converted to a common 
mode signal, increasing attenuation. It is this common mode signal that causes the radiation. Similarly, a 
common mode signal coupled into an unbalanced pair will be partially converted to differential mode 
noise by pair unbalance.   

This common mode signal will reach the end of the cable where, as a standard DSL procedure, a high 
impedance common mode termination is installed. This will cause the common mode signal to reflect 
from the cable end, form standing waves between incident and reflected signals, and readily capacitively 
cross couple at voltage standing wave peaks where current is low, voltage high and therefore 
impedance is high. 

Nexus balances the line to reduce its susceptibility to crosstalk and external electrical events; removes 
common mode high impedance points in the line to greatly reduce crosstalk; and significantly reduces 
all external interference by progressively shunting common mode noise to earth, all without affecting 
the wanted differential mode signal.   

The way Nexus works prevents the pairs within the cable from radiating into other pairs and, while it will 
not prevent the pairs from receiving external signals in common mode, it does prevent them from 
converting those common mode signals into differential mode noise. At the same time, it provides a low 
impedance path between line pair and ground for common mode signals, preventing the buildup of 
common mode standing waves within the cable and reducing the ability of the signals to cross couple 
between pairs, thus reducing crosstalk. 

It is important to note that an unbalanced pair radiates into all other twisted pairs in the bundle, causing 
universal crosstalk. Rebalancing even one pair has positive effects on all other pairs within the bundle. 
Thus, the effect of Nexus is cumulative. The more pairs within the bundle that are fitted with Nexus, the 
better the bundle performs as a whole since it results in less and less radiation, thereby providing an 
increasingly clean environment for DSL transmission. Even if a line is a relatively short distance from the 
CO and the connected customer is receiving a maximum signal, without Nexus that pair is still radiating 
into other pairs in the bundle. 

As a result of these effects, Nexus technology substantially reduces all major sources of ambient noise 
on all types of DSL lines and, in general, markedly improves the quality of voice, data and video service 
to DSL customers.  As a result of these effects, Nexus reconditions copper lines, even poorer ones, so 
that can they can be DSL enabled, run faster, and reach further. To our knowledge, no comparable 
product exists in the market or is in the process of development. 
 

Nexus works with the DSL standard. By attacking the factors that cause noise in the physical layer, it 
addresses the reach problem DSL standards bodies couldn’t solve digitally. The DSL standard is written 
to find the highest line rate by increasing speed until noise related errors begin to break through. By 
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filtering noise from the line, NEXUS allows DSL lines to perform as they were intended and deliver higher 
throughputs at greater distances over real world telephone lines. 
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