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LAN 

Optical Amplifiers (EDFAs) 

DWDM (4, 8, 16, 40, 80, 96, 128, 256,…) 

C + L band 

100-50-25 GHz 

S Band 

Raman Amps 

New Modulation Techniques 

Access: Bottleneck & Brokers of Bandwidth 
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FTTH technical tutorial 
Technical considerations - Speed 

 

 

Service

Required Data Rate

VoIP

Streaming 
audio

Picture in 
15 seconds

SDTV

HDTV

FTTH

DSL or cable 
modem
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Copper 

Fiber 

24 kbps - 1.5 Mbps Old networks, optimized for voice 

CO/HE 

19 Mbps - 1 Gbps + Optical networks, optimized for voice, video and 
data 

CO/HE 
// 

CO/HE 
// 

// 

Note: network may be aerial 
 or underground 



What use is all that bandwidth? 







C:/Users/Admin/Main folders/Academic/Teaching/ECE6323-Optical communications/Lectures/Part 5/ICT Digital econ.pptx


21st Century 

The Second Optics Revolution... 

Source: Michael Lebby – US-OIDA 

Han Le & Assoc 





Source: Paulo Dainese, Corning Optical Fiber  
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Technology Minutes Hours Days 

Modem 56  
kb/s 

2 

ISDN 128  
kb/s 

20 

12 

DSL 1 Mb/s 2.5 

Cable 2.5  
Mb/s 

1 

45 

FTTH  0.4 

Estimated minimum time to acquire  Braveheart 
August 17, 2001: 
MGM, Paramount Pictures, Sony  
Pictures, Warner Brothers, and  
Universal Studios unveiled plans  
for a joint venture that would  
allow computer users to  
download rental copies of feature  
films over the Internet. 

December 9, 2002: 
“Hollywood's Latest Flop” 

Fortune Magazine 
“The files are huge. At 952  

Megabytes, Braveheart took just  
less than five hours to download  
using our DSL Line at home… in  
the same time we could have  
made 20 round trips to our  
neighborhood Blockbuster ” 

FTTH technical tutorial 
Technical considerations – Speed (IPTV Reference) 
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Peter Vetter – Bell Labs, Alcatel-Lucent 
ECOC, Amsterdam, September 18th, 2012 
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 “An OAN in which the ONU is on or within the customer’s 

premise.  Although the first installed capacity of a FTTH 

network varies, the upgrade capacity of a FTTH network 

exceeds all other transmission media.” 

 OAN:   Optical Access Network 

 ONU:   Optical Network Unit 

 OLT: Optical Line Termination  

CO/HE 
// 

ONU OLT 

Source:  www.ftthcouncil.org 

OAN 
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 Enormous information carrying capacity 

 Easily upgradeable 

 Ease of installation 

 Allows fully symmetric services 

 Reduced operations and maintenance costs  

 Benefits of optical fiber: 
 Very long distances 

 Strong, flexible, and reliable 

 Allows small diameter and light weight cables 

 Secure  

 Immune to electromagnetic interference (EMI)  
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* Typical system capability for 100 m link 
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Twisted Pair Co-ax Multimode Single-mode

Source:  Corning Incorporated 
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Twisted Pair Co-axial Multimode Single-mode

* Typical distance for 1 Gbps system capability 

Source:  Corning Incorporated 
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Source:   Grant County Public Utility 
 District 

 Outbound Internet 
bursting to 80Mbps 
 

 Inbound Internet 
(download) 
averaging about 
35-40Mbps 
 

 Upstream is 
consistently twice 
the download  
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 Passive Optical Networks (PONs) 
 Shares fiber optic strands for a portion of the networks 

distribution 

 Uses optical splitters to separate and aggregate the signal 

 Power required only at the ends 
 

 Active Node 
 Subscribers have a dedicated fiber optic strand 

 Many use active (powered) nodes to manage signal 

distribution   
 

 Hybrid PONs 
 Literal combination of an Active and a PON architecture 
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// 

// 

// 

// 

// 

// 
// 

// 
ONU 

OLT 

Optical splitter 
1x16 (1x2, 1x8) 
1x32 (1x4, 1x8) 

Usually 10-20 km 
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// 

// 

// 

// 

// 

// 
// 

// 

1550 nm broadcast (if 
used) 

1490* nm data 

1310 nm data 

* Data may be transmitted at 1550 nm if not used for video 

ONU 

OLT 



40 

// 

// 

// 

// 

// 
// 

// 
ONU 

Processing 
(powered) 

Up to 70 km Up to 10 km 

OLT 
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// 

// 

// 

// 

// 
// 

// 

1550 nm broadcast (if 
used) 

Data, 1310 or 1550 nm 
(depending on distance) 
on separate fibers 

OLT 

ONU 
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// 

// 

// 

// 

// 
// 

// 

ONU 

OLT 

Processing 
(powered) 

Up to 70 km 

// 

// 

Up to 10 km 

Optical splitter 

Optical splitter 
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// 

// 

// 

// 

// 
// 

// 

// 

// 

1550 nm broadcast 

Data, 1310 or 1550 nm 
(depending on distance) on 
separate fibers 

Single fiber, 1550 broadcast, 1310 bidirectional data 

OLT 

ONU 



















Example excerpted from  

Rob Bond 

Telcordia 

rbond@telcordia.com 



Copyright 2008 Telcordia 
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TDM PON Example 
 Downstream – TDM transmission with multiple “listeners” (encryption to 

insure privacy) 

 Upstream – TDMA transmission with upstream transmissions (bursts) 
scheduled to prevent overlap 

PONs are (in some sense) like HFC systems – shared medium 

Downstream (single - fiber systems):   1490 nm    

Upstream:               1310 nm   

RF video (if present)     1555 nm   

  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

TD M      Time Division Multiplex   

TDMA    Time Division Multiple Access   

CC      Cross Connect   

NB      Narrow Band   

BB      Broadband   

OLT     Optical Line Termination   

ONT      Optical Network Termination   

  

TDM   

ONT2   

ONT32 

1:32 Optical sp litter 
 (or 1:64 for shorter reaches or  

with Reach Extender) 
    

  

  

OLT   

Access   
Node   

NB   

BB   

CC   Video 

  

Data   

E1/T1/   
Telephony   
  

  

Data   

E1/DS1   

GbE  
STMn/OCn 

  

ONT1   

E1/DS1/   
Telephony   
  

  

POTS 

VOIP 

(and/or) 

TDMA 

Up to 60 km* physical reach 

(* with G.984.6 Reach Extender) 





Copyright 2008 Telcordia 
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Example of WDM-PON 

Access node 

OLT 

SNI 

wavelength  

splitter  

1 to N ls on single fiber 

Wavelength selection here 

dedicated l1 pair 

dedicated l2 pair 

ONT 

Bitrate 1 

ONT 

Bitrate 2 

Feeder Fiber 

Colorless ONTs: Transmitter and  

Receiver front-end filter characteristics are wavelength 

adaptable 

Fixed* or  

adaptable  

optics 

power 

splitter 

TDMA 
ONT 

(Fixed  

Optics) 

TDMA 
ONT 

(Fixed  

Optics) 
power 

splitter 

Hybrid WDM-PON example 

* “Fixed” optics might be a cost reduced 

version of convention DWDM long-haul optics 

NOTE: Most believe adaptable optics will be 

required for a practical WDM-PON system 



Copyright 2008 Telcordia 
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Today’s PON Systems 

 TDM-PONs Rule: The vast majority of PON systems 

deployed today are TDM-based PON systems  (i.e., B-

PON, E-PON, and G-PON) 

– They almost exclusively operate on a single fiber, with WDM 

used to provide bi-directional transmission  

– A third wavelength in the downstream is sometimes used for 

broadcast video services (e.g., Verizon FiOS)  

 WDM-PON: Very limited deploys, mainly in Korea  

– Costs of WDM-PON in delivering mass market dedicated 

wavelength services are still higher high relative to TDM-PON 

– WDM and hybrid WDM-PONs are expected to play a greater 

role in Next Generation (NG) PON systems (e.g., 5+ years) than 

today 

 

















Google fiber 

//fish/webdocs/courses/ece/ECE6323/Class Notes/Google fiber 36936.pdf
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• A single copper pair is capable 
of carrying 6 phone calls 
 

• A single fiber pair is capable of 
carrying over 2.5 million 
simultaneous phone calls 
(64 channels at 2.5 Gb/s) 
 

• A fiber optic cable with the same 
information-carrying capacity 
(bandwidth) as a comparable 
copper cable is less than 1% of both 
the size and weight 

Source:  Corning Incorporated 
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 There are two laser technologies that are used for 
nearly all single mode communications 
applications 
 Fabry-Perot (F-P) lasers 

 Lower in cost, lower in power 

 Poorer wavelength stability 

 Distributed Feedback (DFB) lasers 
 Higher cost, higher power 

 Excellent wavelength stability 

 Excellent temperature stability 

 Internally modulated 

 Good for moderate powers and distances 

 Externally modulated 

 Ultimate today for quality in broadcast applications 

 Vertical Cavity Surface Emitting Lasers (VCSELs) 
 Coming technology, promises lowest costs 
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 Wavelengths used for Single Mode Fiber 
(long distances) communications 
 1310 nm 

 Usually lowest cost lasers 

 Used for shorter broadcast runs and short to moderate data runs 

 1550 nm 
 Can be amplified with relatively low-cost erbium doped fiber 

amplifiers (EDFAs) 

 Lasers are fabricated on a number of different wavelengths 
(about 1535 – 1600 nm) for wave division multiplexing (WDM) 
applications 

 Slightly lower fiber loss at 1550 nm 

 1490 nm 
 Increasingly popular for downstream data in 3l systems. 

 Cannot be amplified as easily 

 Somewhat higher device cost 



































Peter Vetter – Bell Labs, Alcatel-Lucent 
ECOC, Amsterdam, September 18th, 2012 
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