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One hundred years.   What a difference a century makes!

3 Million Telephones ïNo National Network
105 Million US Population

Marconi Wins Nobel Prize for Physics
Radio Consisted of ñWireless Telegraphyò

April 1909 Charles Herrold Launched
ñSan Jose Callingò ïlater became KCBS

Georges Rignoux and Alain Fournier
First Demonstrated the transmission of
still silhouettes in Paris in 1909

It would not be until 1925 that a demonstration     
of live images would occur

Henry Ford sells 10,000 cars
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100 Years of Progress

All Digital Communication

2009 Marked the End of
Analog Television

HDTV 
Mobile TV

Digital Telephone

Fiber Optic Backbones
Carry Virtually All Modern 
Communications Systems

Yet The Last Mile is still 
Reminiscent of 1910.



Why Would Network Operators Want an Entirely 
Fiber to the Home network?

1- No Sweep & Balance Required ïNo Frequency Response Errors

2- No Dials Meters or Knobs in the outside plant

3- No System Power Bills or outages due to utility failure

4- No CLI Flyovers or Ride Outs ïNo Annual Proof of Performance

5- No Return Path ingress problems

6- Extended bandwidth capability

7- Immunity to lightning damage, corrosion, and electrolysis

8- Greater home and community value  

Fiber Market Drivers



Fiber Market Inhibitors

1- Fear of Incompatibility with legacy network components

2- Would obviate back office billing, monitoring, work force management 

and provisioning systems

3- Require the replacement of head end / central office equipment.  

CMTS, set top control, VOIP interface to PSTN

4- May require the replacement of all customer premise equipment ï

DOCSIS modems, set top boxes, telephone eMTAs

5- Service disruption to customers during change over from electrical to 

optical

6- Complex installs because drops cross streets and property lines

7- Inspire Shareholder fear over recapitalization of network

Why WouldnôtOperators Want an Entirely Fiber to 
the Home network?



BrightPath Removes all the Inhibitors

ÅNo disruption or impact on adjacent plant

ÅAll Back Office Systems Remain in Place 

ÅCable Modem CMTS, SetïTop Controllers, eMTA command and 
management are unchanged

ÅNo internal customer premise wiring changes for existing customers

ÅDrop lengths equivalent to coaxial HFC ïor long drops as desired

ÅDrop installation is virtually identical to Hybrid Fiber Coax  

Å Capex costs may actually be less than HFC  

ÅOperational costs are significantly reduced, pleasing shareholders and 
credit suppliers
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PONs

BPON (Broadband PON) is commonly offered at 622 Mbps downstream 

and 155 Mbps upstream.  Its ATM structure and bandwidth limits make it 

less than ideal for video.  Development has stopped on BPON.  BPON 

networks will over time be converted to EPON or GPON. There are 

approximately 2 million BPON users worldwide.

GE-PON (for Gigabit Ethernet PON) has a higher installed volume than 

all other PON technologies combined. EPON is found widely in Asia.  

EPON offers a symmetrical 1.25 Gbps service suitable for data, voice 

and video.   It is Ethernet based end to end.

APON (ATM Passive Optical Network). First Passive optical network 

standard. It was used for business applications, and based on ATM. 
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Current PON Architecture

GPON - operating at 2.5 Gbps downstream and 1.25 Gbps upstream, is the latest 

PON standard to emerge. It combines the lessons of service management from 

BPON with the inherent efficiency of Ethernet based transport. QoS is performed 

using standard Ethernet and IP methods.

NEWEST  10 GEPONn - WDM -PON

An example is Verizonôs  F IOS  - Fiber Optic Service 

( FIOS === Gaelic for Knowledge )

For CATV operators all PON solutions require new $$$$ CPE equipment.  
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PON is the Child of a Non-Competitive World

Itôs Economic Assumption is 100% Take Up

BrightPath allows drop lengths equivalent to copper.



Page 13

RFoG  RF Over Glass

Is Passive
Is Entirely Optical
Is a Network

So Why Isnôt it called a PON ?
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RFOG Architecture Sans Taps



Tapped RFOG Key Components

ÅInstalled at the customerôs premise

ÅConverts optical signal to RF Signal 

ÅManages 1550 nm downstream and 1310 
nm upstream

ÅUpstream signal threshold feature 
squelches noise

Network 
Interface Unit

Optical Tap

ÅInstalled in the distribution network

Å2, 4 and 8 port versions

ÅSuperior fiber management

ÅConnectorized Drop ports

ÅBranch Cable capability
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Standards

APON (ATM Passive Optical Network). This was the first Passive 

optical network standard. It was used primarily for business 

applications, and was based on ATM. 

BPON (Broadband PON) is a standard based on APON. It adds 

support for WDM, dynamic and higher upstream bandwidth 

allocation, and survivability. It also created a standard 

management interface, called OMCI, between the OLT and 

ONU/ONT, enabling mixed-vendor networks. 

GPON (Gigabit PON) is an evolution of the BPON standard. It 

supports higher rates, enhanced security, and choice of Layer 2 

protocol (ATM, GEM, Ethernet). Verizon is in the process of 

implementing this. 

EPON or GEPON (Ethernet PON) is an IEEE/EFM standard for 

using Ethernet for packet data. 

N (10 Gigabit Ethernet PON) is an IEEE Task Force for 

10Gbit/s backwards compatible with 802.3ah EPON. 10GigEPON 

will likely be based on Wave Division Multiplexing (WDM) 

technology. 

http://en.wikipedia.org/wiki/ITU-T
http://en.wikipedia.org/wiki/ITU-T
http://en.wikipedia.org/wiki/ITU-T
http://en.wikipedia.org/wiki/G.983
http://en.wikipedia.org/wiki/ITU-T
http://en.wikipedia.org/wiki/ITU-T
http://en.wikipedia.org/wiki/ITU-T
http://en.wikipedia.org/wiki/G.984
http://en.wikipedia.org/wiki/IEEE
http://en.wikipedia.org/wiki/IEEE_802.3ah
http://en.wikipedia.org/wiki/IEEE
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IPS 910 RFoG   (RF over Glass)

SCTE Interface Practices Subcomittee standard in 
development for Point to Multipoint (P2MP) operations 
that has a proposed wavelength plan compatible with
data PON solutions including EPON,GEPON and 
10G-EPON. 
RFoG offers an FTTH PON like architecture for MSOs 
without having to select or deploy a PON technology.
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HFC Compatible

Headend

Ring

FTTH New 

Development
(Service Area 

256 Homes)
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Direct from Headend Architecture

Å Utilizing a direct feed in the BP architecture allows:
Å 25 dB link budget, consisting of fiber and tap loss (limited by NIU upstream transmitter output).

Å Typically 32 ports per fiber.

Å Link budget to 25 dB.

1550nm Laser
Transmitter 

EDFA 

Digital Return 
Path Receiver

Downstream 

Video and 

CMTS Feed

WDM

1550 nm

1310 nm 
Upstream

Up to 32 Homes 

NIU

Upstream Feed

5 to 42 MHz

1310 nm

ÅÅÅ

Digital Return 
Path Receiver

NIU

Customer
Premise

EDFA 

Tap Tap Tap

25 dB Link Budget 



1550 nm

1310 nm

Headend

2 Runs of 4-Strand Fiber

Optical Tap

(2, 4 or 8 Port)

Single Fiber Drop

Network

Interface 
Unit

Optical Repeaters 

No Changes to 

CPE Equipment

Inside Plant Systems

Provisioning

Billing

Unchanged

Optional Field Node
Allows (40+ km) reach

ÅNo Sweep & Balance 
ÅNo System Power Bills
ÅNo CLI Flyovers & Ride Outs
ÅPerforms Flat to 1 GHz at side of home
ÅCleans the 5 ï42 MHz Return Band
ÅOffers flexibility on Return Bandwidth
ÅUnlimited future bandwidth with fiber drop cables

20

18 dB Link Budget



Å Moving the NIU wavelength above 1550 nm enables the NIU to 

coexist with PON equipment on the BrightPath network

Å A single platform simplifies support of business services and 

migration to a PON system

PON Overlay

1550nm Xmod

Transmitter 

Downstream
Spectrum

(50 to 1000 MHz)

1550 nm

Subscriber

Tap TapTap

Å
Å
Å

1550nm Xmod

Transmitter 

Analog Return

Receiver

WDM 

1610 nm 
UpstreamNIU

Upstream 
Spectrum

(5 to 42 MHz)

1610 nm

Location

TapTap

EDFA 1:N 

Direct

Up to 32 Homes 

Tap

Subscriber

1310/
1490 nm ONU

Location

1310 nm 
Upstream

OLT
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Power Supply

Status Monitor

Eight  Analog Optical

Receivers, 4:1 RF Combine

EDFA

8:1

Splitter

A/D Converter, 

2.13 Gb/s Digital

Return Laser

1550 nm

1310 nm

1550 nm

1310 nm

1550 nm

1310 nm

1550 nm

1310 nm

1550 nm

1310 nm

1550 nm

1310 nm

1550 nm

1310 nm

1550 nm

1310 nm

1550 nm

1310 nm

Fiber Node

Block Diagram

1

8

Optical Repeater
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BrightPath Repeater  
Based on the AurorañVirtual Hubò

Å Installed at the same point as a standard node

Å 256 home capacity

Å Each fiber services up to 32 homes

Å Includes the following added features:

Å EDFA

Å Analog optical receivers receive optical inputs on 
upstream path

Å Return signal digitized and transmitted to 
headend

Å Multiplexer combines signals onto one fiber for 
connection between node and headend
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Laser & EDFA Outputs

Laser

EDFA

1550/1310 WDMs

Internal 

Splitters

1310 Analog Receivers

Launch Laser

BrightPath HE Direct Feed 

External 

Couplers

50/50

85/15

85/15

DF 1

DF 2

Node 1

Node 2

1310 Digital Receivers
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Targeted Services
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Network Interface Unit (NIU) ï

ÅInstalled at the customerôs premise

ÅConverts optical signal to RF signal transmitted 
over coax

ÅManages 2 wavelengths: 1550 nm downstream 
and 1310 nm upstream

ÅAnalog return signal transmission to node

ÅUpstream signal threshold feature squelches 
noise

ÅFull transparency for headend equipment and 
CPE

NEW metal housing w/ 

120 dB RFI

LED indicators for 

optical and DC 

power

Two coax outputs for 

powering directly or 

through power 

inserter



NIU Functional Schematic

1
5

5
0

 n
m

1
3

1
0

 n
m

RF Detector

RF Diplex
Filter

Single Mode
Fiber

SC/APC
Connector

F- Connector
RF Amp

DC Power Supply

FP
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BrightPathôs NIU ñSquelchsò Return Path Noise 

Unlike FIBER DEEP

Fiber Deep is ñDeath by a Thousand Paper Cutsò
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NIU
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Optical Tap 

- Passive signal distribution

- 2, 4 and 8 port versions with  

family of dB values

- SC-APC connectors

- Fits in 9.0ò OD pedestal

- Single fiber connection to NIU

New Features
- 8 port tap option

- Accommodates wide variety 
of cable types

- Pigtail splicing option

- Branch cable option
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Tap ïDistribution Side

Distribution access 

separated from drop

Environmentally sealed

Vertical or horizontal 

mounting hardware for 

aerial or underground 

installation

Sealing grommets and 

grounding features 

accommodate a wide variety 

of fiber types, including loose 

tube and armored

Fiber management for up 

to 24 fibers

Ground wire access and 

clamp

Branch cable option for 

dedicated fiber links

Tap module protected 

behind front plate

Built -in splice       sleeve 

holders

From Node or Tap To Tap
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Tap ïDrop Side

No access of distribution side 

required by drop technician

Bulkhead adapters for 

connectorized pigtails

3 termination options:

1) Pre-terminated drops

2) Pigtail splicing

3) Direct fusion splicing

Accommodates multiple 

cable types, including 

armored and flat drop

Fiber splice sleeve and 

management

Up to 8 drop cables

To Subscriber BTo Subscriber A



(Tap Value in dB) (# Ports)

14 - 2

Fiber 1
Fiber 2
Fiber 3
Fiber 4

Logical Optical Tap Layout

Optical Coupler

Optical Splitter

By-pass Fibers



17 dB 17 dB 13 dB15 dB 13 dB 10 dB

13 dBm
Launch
Power

Optical 
Level

At NIU

ÅMinimum Design input to NIU: -5.0 dBm @ 1550 nm

Sample Tap Design (4 Port)

-3.9 -4.9 -3.0-4.5 -5.0 -4.4
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Tap Values

2-Port 4-Port 8-Port

17 17 17

15 15 15

14 13 14

12 11 12

10 10 10T

8 9

7 7T

5

4T
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FTTH HFC

Sample Designs ï88 Homes per Mile
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HFC Splitters Vs.FTTH ñLoop Backò

Standard HFC Splitter configuration
Unused fiber can be used for a ñloop backò segment to 

avoid using a  Splitter/coupler
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BrightPath

Tap

Fiber Drop

BrightPath

NIU

Ground 

Wire

Subscriber 

Coaxial 

Cable

Point of

Entry

To Set Top

Power

Supply

PI

NIU Installation

*Can also direct power NIU
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+15 @ 1000 MHz

+57 Out

+57 Out

+57 Out

+3 In

+3 In

+3 In

TAR
+57 Out

+42 @ 30 MHz

NIU Input

RF Level Optical LVL C/N* QPSK 16 QAM 32 QAM 64 QAM 256 QAM

57 +3 dBM 48 32 27 24 21 15

52 +0 dBM 42 26 21 18 15 9

47  -3 dBM 36 20 15 12 9 3

42  -6 dBM 30 14 9 6 3 -3

37  -10 dBM 22 6 1 -2 -5 -11

32  -12 dBM 18 2 -3 -6 -9 -15

*Extrapolated

Margin over 10
-9

 Ber without Error Correction

Four Shared MDU Units

NIU
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MDUs

Taps May Be Placed 
ñOff Campusò
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Multiple NIUs

Coax to Living Unit


