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For some system operators, the big-
gest challenge to serving low-den-
sity, rural areas is the cost associ-

ated with overcoming the great distances 
between headends and subscribers using 
a hybrid fiber-coax (HFC) network. The 
equipment required to reach a single sub-
scriber in a rural setting typically includes 
a node, amplifiers and/or line extenders 
(see Figure 1). Add to that the cost of 
powering those devices in the field, and 
building and operating an HFC network 
to gain that rural subscriber quickly be-
comes cost-prohibitive. 

Why are so many actives required? 
As the RF signal travels in a coax cable, it 
attenuates at a predictable rate. Attenu-
ation is also dependent on the frequency 

of the signal – there is more attenuation 
at higher frequencies. To ensure an ade-
quate level of RF signal at the customer’s 
premises, that signal must be amplified 
to overcome the signal loss caused by 
the coax cable. However, signals can-
not be amplified indefinitely. Only so 
many amplifiers can be cascaded with-
out negatively affecting the quality of 
the signal. 

To make serving a low-density, ru-
ral area more economically feasible, the 

number of actives in the field must be 
reduced – which means selecting a sig-
nal transport medium that has less at-
tenuation and provides equal or better 
signal quality than coax. That medium 
is the fiber part of hybrid fiber-coax. 

Fiber AdvAntAges
Fiber optic cables have several advan-
tages that make it an ideal medium 
to transport information over great  
distances for less cost. Most important 
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Figure 1: Traditional HFC Architecture
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is that the signal attenuation associ-
ated with fiber is significantly less than 
with coax. For example, CommScope’s 
P3 750 series of trunk and distribution 
cables have a maximum attenuation of 
48.6 dB/km (@ 750 MHz), while the 
maximum attenuation of a LightScope 
ZWP Type 8W single mode fiber is 
0.22 dB/km (@ 1550 nm). Using fiber 
allows a signal to be transported farther 
without the use of amplifiers, reducing 
powering requirements in the field. This 
includes drop cable, which can be very 
long in rural applications. 

Another advantage is that fiber optic 
signals are immune to some of the distor-
tion effects found in a coax network, such 
as ingress and common path distortion. 
In addition, egress or signal leakage is not 
a problem in the optical domain – a great 
advantage, considering the miles and 
miles of plant possible in a rural applica-
tion. With fiber, the cost of performing 
cumulative leakage index (CLI) ride-outs 
or flyovers and repairing leakage to com-
ply with FCC rules goes away.

Why rFog?
FTTH is usually associated with the 
passive optical networks (PONs) used 
by telephone companies. For an HFC-
based system operator, converting from 
an RF-based technology to a PON 
technology requires major changes. The 
PON world has its own set of equip-
ment requirements in the headend, and 
the devices at the customer premises will 
also change. Installing and maintaining 
this new equipment requires personnel 
with the proper skill sets. 

An alternative to PON is another 
FTTH technology, RF over glass 
(RFoG). With RFoG, the equipment 
in the headend remains relatively un-
changed, and absolutely no changes 
are required in the customer’s home. A 
system operator can use the same QAM 
modulators, CMTS and back-office sys-
tems in the headend and the same set-top 
boxes and cable modems in the home. 

The diagram in Figure 2 shows a 
typical headend configuration for an 
RFoG network. The downstream RF 
spectrum is fed into a 1550 nm, exter-
nally modulated laser transmitter. If 
necessary, the output of the transmitter 

goes to an erbium-doped fiber amplifier 
(EDFA) and/or a 1:N optical splitter. 
The EDFA amplifies the 1550 nm signal 
and the splitter distributes the down-
stream signal to multiple feeder fibers in 
the outside plant. 

A wavelength-division multiplexer 
separates the 1550 downstream signal 
from the 1310 upstream signal. The 
1310 signal is fed to a return receiver 
that converts the optical signal back to 
RF. On the side of the home, a network 
interface unit (NIU) converts the opti-
cal signal to RF, which feeds the coax 
network inside the house. The NIU also 

converts the return RF signals to optical 
for transport back to the headend. 

For a system operator that wants to 
take advantage of the benefits of fiber in 
a rural build, RFoG is likely to cost less 
and be easier to implement than PON.

Architecture options
RFoG offers several ways to distribute 
the optical signal to the customer. In a 
centralized split architecture, each feeder 
fiber from the headend terminates in a 
cabinet in the field that houses one or 
more 1 x 32 splitters – one feeder fiber 
per splitter. Therefore, each feeder fiber 
supports up to 32 customers. From the 
cabinet, a high-count fiber cable distrib-
utes the signal to customers, and each 
customer has a dedicated fiber back to 
the cabinet. 

Another type of architecture is the 
distributed split. In this architecture, 
splitters are deployed in cascade and are 
pushed farther into the network. For ex-
ample, a feeder fiber is connected to a  
1 x 8 splitter and then, via a distribution 
fiber, to a 1 x 4 splitter farther into the 
network. Even in this case, each feeder 
fiber still supports up to 32 customers. 
Tapped architecture is a third option.

Figure 2: Typical RFoG Headend Configuration

The network interface unit converts the optical 
signal back to RF.



Bonus spring issue |  www.broadbandproperties.com |  BROADBAND PROPERTIES |  63

Technology

tApped Architecture  
AdvAntAges
CommScope’s BrightPath solution is an 
RFoG technology based on a patented 
tapped architecture. Instead of using 
splitters in the field, BrightPath uses 
passive optical taps. Figure 3 shows one 
version of the BrightPath architecture – 
the node-based version. The other ver-
sion does not have a node, and it’s called 
a direct feed. 

Notice how similar Figure 3 looks to 
a traditional HFC architecture. Bright-
Path components are basically optical 
versions of HFC components. This is 
part of the beauty of BrightPath. Be-
cause it is conceptually similar to HFC, 
the learning curve is not steep for a sys-
tem operator that wants to deploy an 
FTTH network.  

The theory behind the BrightPath tap 
is the same as an RF tap. The BrightPath 
tap is spliced onto a single fiber. The tap 
couples off a certain percentage of the 
optical power, passing the remaining 
optical power through to the next tap. 
Additional taps can be spliced onto the 
same fiber as long as optical power is still 
available and no more than 32 custom-
ers are on that fiber. The coupled power 
is directed to the tap port, which feeds 
the fiber drop connected to the NIU at 
the side of the customer’s home (see Fig-
ure 3). 

BrightPath taps come in two-, four- 
and eight-port versions, each with vary-
ing tap values. Tap values are selected 
based on network design. The standard 
tap can be mounted aerially on a strand 
or in a 10-inch pedestal. Another version 
of the tap can be installed below grade. 

The tap is designed to accommodate 
various fiber optic cable types up to 
a 36-count fiber cable. The tap is also 

equipped with a branch cable port to al-
low the operator to provide a dedicated 
fiber to a business customer, for exam-
ple. Another way to accommodate serv-
ing business customers is by installing a 
coarse wavelength-division multiplexer 
(CWDM) module inside the tap. This 
module allows an operator to dedicate a 
pair of wavelengths to the customer. The 
versatility of the tap gives the operator 
the opportunity to serve both residential 
and commercial customers on the same 
fiber network. 

Tapped architecture offers several 
advantages in rural areas beyond the 

advantages specific to RFoG. First, 
tapped architecture does not require 
high-count fiber cables in the distribu-
tion network. Centralized split architec-
ture can potentially require 100 fibers 
or more in a single cable. For example, 
serving 160 customers using a central-
ized split in a low-density area may re-
quire a 160-count distribution cable go-
ing out a considerable distance from the 
field cabinet. A tapped architecture, on 
the other hand, may require only eight 
fibers in the distribution cable to serve 
the same number of customers. 

Figure 3: BrightPath Node-Based Architecture
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The low fiber counts in a tapped 

architecture allow the use of smaller, 
lighter and less expensive fiber cables. In 
a rural area, where the majority of out-
side plant is usually aerial, smaller cables 
on the strand are easier to place and re-
duce sag and tension effects. 

Another advantage of tapped archi-
tecture is that it allows more efficient use 
of the optical power budget. In an opti-
cal splitter, each port output level is the 
same. With a tapped architecture, tap 
value can be selected to deliver the mini-
mum amount of optical power needed 
at each tap location. 

deploying opticAl tAps 
Frankfort Plant Board (FPB), a munici-
pal service provider in Frankfort, Ky., 
deployed BrightPath last year in a small 
rural area of Franklin County. Serving 
this area with HFC would have required 
a new node. John Higginbotham, FPB 
cable-telecom superintendent, explains, 
“We had been considering using FTTH 
technology as a way to reach unserved 

sections of our service area and reduce 
maintenance and powering issues with 
our HFC network. The tapped architec-
ture provides a concept that is familiar 

to engineers and field personnel due to 
the similarity with HFC design.” 
FPB offers triple-play services and has 
achieved a 60 percent penetration rate 
in the BrightPath network. Franklin 
County is now considering additional 
BrightPath deployments; according to 
Higginbotham, “Our decision to deploy 
[BrightPath] was based on the realiza-
tion that our HFC network would even-
tually be unable to support demands for 
increased bandwidth needed for faster 
cable modem speeds and additional 
CATV and HD programming.”

A tapped RFoG architecture solves 
the challenges system operators face 
when extending services to low-density, 
rural areas. The benefits of an all-fiber 
network, combined with the simplicity of 
the tapped architecture, offer a compel-
ling reason to start looking at rural areas 
for potential revenue. Furthermore, the 
capital expense and operational expense 
savings compared with HFC in this sce-
nario cannot be ignored.  bbp
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