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Big Pipes for Data Transfer: 
Report from OFC/NFOEC 2008

“Big pipes” is the most 

succinct way to describe the 

theme of this year’s Optical Fiber 

Conference/National Fiber Optic Engineers 

Conference (OFC/NFOEC) in San Diego. In 

today’s environment of social networking, online video 

and triple play, the telecommunications industry is gearing  

up for unprecedented broadband demand.
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fter a nine-year hiatus, 
the 2008 OFC/NFOEC 
moved back to San Diego 

in sunny Southern California. The 
annual fiber-optics conference saw an 18 
percent increase in technical paper sub-
missions over the previous year, an indi-
cation of the excitement surrounding the 
resurgence of optical communications. 

Many of the speakers and sessions 
focused on the latest high-bandwidth 
communications technologies that the 
worldwide growth of the Internet is 
demanding. Attendees were also advised 
that it’s important to consider not just 
the size of the data stream—Gigabit 
Ethernet, 100-Gigabit Ethernet, or even 
Terabit Ethernet—but also the proper 
management of it.

A carrier’s perspective
In 2007, the average amount of Internet-
generated traffic was more than 9,000 
terabytes per day, according to Pieter 
Poll, chief technology officer of Qwest 
Communications. By 2012, that traf-
fic is expected to more than double 
to 21,000 terabytes per day. Qwest’s 
public network traffic has been doubling 
approximately every 16 months, a trend 
the company has seen for several years. 
By contrast, Moore’s law states that elec-
tronic capability doubles roughly every 
two years. “If we continue to handle 
[data] packets in the compute domain, 
we’re going to have problems,” Poll said.

The 350-percent traffic growth that 
Qwest has seen over a three-year period 
comes from several places: an organic 
increase in the customer base, a shift 
toward embedded multimedia content 
and streaming video, and growing 
bandwidth access demands by content 
providers and other high-end custom-
ers. Demand is driving the company’s 
network upgrades.

According to Poll, Qwest is making 
the transition to Gigabit Ethernet (GigE) 
and 10 Gigabit Ethernet (10GigE) tech-
nologies and will add about 1 terabit/s  
to its network capacity. 

Soon, Poll predicted, customers will 
demand 40-Gbps (40G) service. How-
ever, from the company’s perspective, 

A

Fiber optics, micro-
processors and 
digitization are driving 
the new globalization. 
The biggest changes 
are in China, which 
now has more 
Internet users than 
anywhere else. The 
country is not just 
a manufacturer and 
innovator, but also a 
consumer market.

today’s 40G is not as economical as 
quadrupling the 10-Gbps pipes along 
Qwest’s network backbone. That could 
change soon with so-called “third- 
generation” 40G technology coming 
along, he added.

Qwest remains concerned about 
whether moving toward 40G is an appro-
priate step toward the 100-Gbps service 
that will be eventually required. Poll hopes 
to see a 100-Gbps standard wrapped up 
by 2009 so that Qwest can deploy the 
technology in 2010 and beyond.

Network traffic continues to grow 
faster than Moore’s law. Simple networks 
using all-optical packet switching have 
been shown in research laboratories, 
but none of these demonstrations would 
realistically work in a production setting. 
However, they are extremely promising, 
Poll said.

Terabit Ethernet
Although 100-Gbps networks are con-
sidered the near-term future of commu-
nications, Robert M. Metcalfe, who in 
some information technology circles still 
has rock-star status from his 1973 inven-
tion of Ethernet technology, encouraged 
the OFC plenary audience to think 
about the next order-of-magnitude leap 
in speed. 

While telecommunications and Inter-
net companies have pursued separate 
and incompatible technological world 
views—synchronous optical network 
(SONET) and Ethernet—traffic over 
both types of networks has been growing 
and converging, Metcalfe said. Futurist 
George Gilder recently predicted that 
the Internet will transmit a zetabyte 
(1021 bytes) per year by 2015.

The Ethernet has a winning business 
model, and it has finally caught up to 
SONET at this 10G crossroads, Metcal-
fe said. However, Terabit Ethernet will 
probably require new types of fibers and 
lasers—good news for optical scientists.

Fiber to the premises (FTTP) repre-
sents a small but growing segment of the 
worldwide broadband market, said OSA 
Honorary Member Herwig Kogelnik, 
a vice president of Bell Laboratories/
Alcatel-Lucent.

Pieter Poll, chief technology officer of Qwest 
Communications.
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The cost of installing fiber is now 
lower than the cost of installing tra-
ditional copper cable, according to 
Kogelnik. Japan took the early lead in 
global fiber-to-the-X (FTTX) deploy-
ment, but there are projections for big 
growth in China over the next five years. 
Bend-tolerant fibers will reduce the size 
of switch cabinets.

The adoption of wavelength divi-
sion multiplexing (WDM) technology 
has paralleled similar developments in 
electronic technology. Transistors have 
scaled by a factor of 30 per decade, while 
the growth of computing power has been 
a factor of 100. The gap has been filled 
by massively parallel processing. Simi-
larly, WDM fills the gap in networking 
between the growth in traffic demands 
and the slower growth in single-channel 
capacity. The mid-1990s saw the first 
commercial deployment of WDM. After 
that, the average rate of total capacity 
growth was approximately a factor of 
100 per decade.

Researchers have made much progress 
on advanced modulation formats such as 
differential quadrature phase shift key-
ing (DQPSK), according to Kogelnik. 
Such formats place less demand on the 
electronics carrying the signal. Another 
very promising new approach is the  
use of coherent receivers in optical 
networking—which could lead to higher 
spectral efficiency.

Rise of global communications
Headlining this year’s Service Provider 
Summit was Reed Hundt, who chaired 
the U.S. Federal Communications 
Commission from 1993 to 1997. Despite 
the title of his talk—“The Coming 
Global Triumph of Communications 
and the Threat to American Standards of 
Living”—Hundt opined that global com-
munications will not necessary wreak 
havoc with the American way of life.

The keys to U.S. success in develop-
ing IT and communications companies, 
Hundt said, have been the country’s 
stable legal environment, open network-
ing technology and culture of entrepre-
neurial leadership. He would like to see 
the dynamism of the communications 

In the 30-odd years 
since the invention 
of the Internet, new 
uses and growing 
levels of abuse are 
pushing the global 
network into realms 
that its founders had 
not anticipated. 

industry weave itself into the U.S. energy 
and health care sectors, which are low in 
venture capital and IT, respectively.

For the last 25 years, productivity 
has risen in the United States, according 
to Hundt—but the gains have not been 
shared equally among all members of the 
workforce. An American with a gradu-
ate degree typically earns an income that 
has tracked the productivity curve, while 
someone with only a college or high 
school degree has fallen behind. This 
trend, he added, parallels the increasing 
economic inequality in the United States.

Fiber optics, microprocessors and 
digitization are driving the new glo-
balization. The biggest changes are 
not in the United States but in China, 
which now has more Internet users than 
anywhere else. The country is not just a 
manufacturer and innovator, but also a 
consumer market.

As China rises, it presents competi-
tive pressures that have never been seen 
before in the history of the United 
States, Hundt said. A firm in China with 
Chinese employees has several significant 
advantages: competition in a vigorous 
local environment that hones workers’ 
skills; few market sectors that are already 
saturated; little litigation; and a culture 
of entrepreneurship.

U.S. firms must leverage their 
advantages—easy access to the world’s 
largest consumer market, cheap capital, 
a reliable infrastructure, reliable rule of 
law, productive employees and a culture 
of entrepreneurship. At the same time, 
they must balance these against their 
disadvantages, which include high labor 
costs (especially for health care and other 
benefits), high energy costs and a mature 
domestic market.

The U.S. economy is being driven 
by the success of only the largest 0.5 
percent of U.S. companies, so those 
companies need to be hiring Americans, 
Hundt said. The American economy has 
always had a certain amount of “creative 
destruction” in which roughly 10 percent 
of companies fold and 10 percent are cre-
ated every year. In IT and communica-
tions technology, the key to creating suc-
cessful businesses is openness: the open 

Robert M. Metcalfe, developer of Ethernet 
and other Internet-related technologies.
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architecture of law, the open technology 
of networking and entrepreneurial lead-
ers from outside the system.

The future of the Internet

Guru Parulkar of Stanford Univer-
sity’s Clean Slate Program said that the 
present-day Internet is not designed to 
take full advantage of the dynamic opti-
cal network technology that fiber-optics 
researchers are developing.

In the 30-odd years since the inven-
tion of the Internet, new uses and grow-
ing levels of abuse are pushing the global 
network into realms that its founders 
had not anticipated. Any changes to 
Internet infrastructure should preserve 
the positive attributes of the network 
while addressing security problems and 
incorporating such emerging technolo-
gies as dynamic optical networks and 
embedded sensors.

According to Parulkar, current Inter-
net architecture lacks the robustness to 
support transportation, essential utilities, 
government services, telecom, banking 
and finance—all network-centric critical 
infrastructures. Today’s Internet is also 
not designed for mobile wireless. Sen-
sor networks embedded in the physical 
world could someday number 1 billion 
or even 1 trillion devices. Although 
these high-capability “dynamic” optical 
networks are a certainty, the current 
Internet architecture is not designed to 
take advantage of it.

The National Science Foundation has 
supported several scenarios for rethink-
ing the Internet, including the Global 
Environment for Network Innovations 
(GENI) and the Future Internet Design 
Initiative. Every established infrastructure 
has undergone a major overhaul a few 
times, and the Internet cannot and should 
not be any different, Parulkar said.

Augmented reality (AR), a user inter-
face paradigm for enhancing a person’s 
senses with graphics and sound, merges 
computer-generated content with the real 
world, said Blair MacIntyre, an associ-
ate professor in Georgia Tech’s College 
of Computing. New telephone chipsets 
and faster mobile networks are making 

simple AR possible with less bulk than 
the “wearable computing” experiments 
of the 1990s.

However, it is difficult to integrate 
high-end graphics with a view of the 
real world, in real time, because the 
task requires real-time data collection 
and distribution on a massive scale, 
MacIntyre said. For instance, a brief 
photorealistic computer animation of a 
jogger required a raw dataset of 24 GB. 
Examples like this hint at bigger future 
application requirements: peer-to-peer 
video/data sharing to leverage many 
mobile cameras and real-time distri-
bution of dynamically updating simula-
tion data. 

The Defense Advanced Research Proj-
ects Agency (DARPA), the organization 
that developed the predecessor to the 
global Internet, is starting a 42-month 
study of ways to eliminate network 
bottlenecks, said Adel A.M. Saleh, a 
program manager in DARPA’s Strategic 
Technology Office.

Ten to 20 years from now, the Inter-
net could be 1,000 times bigger than it is 
today, Saleh said. He cited a Wall Street 
Journal column in which two futurists 
speculated that, if Netflix converted to a 
business model of delivering high-defini-
tion movies over the Internet by 2015, it 
would multiply current U.S. IP traffic by 
50. On the other hand, a University of 
Minnesota study predicts that Internet 
data growth will proceed more along the 
lines of Moore’s law.

Bottlenecks on the way to factor-
of-1000 Internet growth include the maxi-
mum capacities of optical fibers and IP 
routers. Although the size of core optical 
switches will not inhibit growth, optical-
electronic-optical core switches might.

In a recent journal article, Saleh and a 
colleague proposed core and edge optical 
bypass and grooming as a possible evolu-
tion of IP/WDM network node architec-
ture. However, DARPA has launched the 
CORONET (Dynamic Multi-Terabit 
Core Optical Networks: Architecture, 
Protocols, Control and Management) 
program to study how to build a scal-
able, global core optical network with 
WDM architecture.

Frequency combs 
can replace or 
augment current 
“transfer standards” 
for frequency 
and wavelength 
calibration of 
telecom systems. 
They could also 
lead to a possible 
future method of 
sending a standard 
time signal. 

OSA Honorary Member Herwig Kogelnik,  
a vice president of Bell Laboratories/ 
Alcatel-Lucent.
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Nonlinearities in fiber
According to Tanya Monro of the Uni-
versity of Adelaide in Australia, nonlin-
ear effects within optical fibers include 
Kerr, Raman and Brillouin effects. Gen-
erally, in data transmission, the aim is to 
decrease nonlinear effects, which lead to 
signal degradation. However, in highly 
nonlinear fibers, the goal is to increase 
nonlinear effects for use in optical data 
processing devices and broadband super-
continuum sources.

Nonlinearities arise in fibers because 
bound electrons experience aharmonic 
motion in an applied field. Often the 
user of nonlinear fiber must make 
tradeoffs between nonlinearity and other 
desirable characteristics, Monro said.

A broad range of fibers can provide 
high optical nonlinearity: silica glass, soft 
glass and polymers. A number of these 
are available commercially. Developing 
nonlinear fibers is an emerging class of 
research, and scientists are using fluid 
dynamics to better understand what 
happens during fiber drawing. A range of 
soft glass microstructured fibers can now 
be produced with micron-scale core sizes 
with losses of less than 0.5 dB/m.

 Scientists at IBM Corp.’s research 
centers in the United States and Swit-
zerland reported that they have built 
160-Gbps chip-to-chip board-level opti-
cal data buses.

According to Fuad E. Doany of IBM, 
optical interconnects have evolved from 
the WANs and MANs of the 1980s to the 
LANs of the 1990s to system-level in this 
decade. IBM’s Terabus program is devel-
oping parallel optical interconnects that 
can transfer data at high speeds through 
polymer waveguides integrated in printed 
circuit boards (PCBs). “It’s analogous to 
what happened several decades ago with 
electronics,” Doany said.

The system that the researchers built 
incorporated an “optochip,” a CMOS 
integrated circuit with arrays of pho-
todiodes and vertical-cavity surface-
emitting lasers. Each optochip—5.25 
3 3.25 mm in size—was attached to 
circuit cards to form an “optomodule,” 
which plugged into a circuit board with 
integrated optical waveguides.

Observatory, the 64-element array of 
12-m-diameter antennas will pick up  
the frequency range of 31 to 950 GHz 
and provide 10 to 100 times better 
angular resolution than current sub-
millimeter telescopes.

Radio astronomy and deep-space 
communications now require accuracies 
of 10 to 50 fs, and ALMA is no different 
with the requirement that the local oscil-
lator reference required for mixing array 
signals must be phase-stable to within 18 
fs. The local oscillator is distributed over 
a 15-km optical fiber cable at the site.

Postdeadline papers
This year, 35 postdeadline papers were 
accepted, out of 114 submissions. Top-
ping the lineup of the well-attended 
postdeadline sessions on the last night 
of the conference was an Alcatel-Lucent 
team’s report of a record capacity-times-
distance product: 41.8 petabit/s km. 
The French team used 164 100-Gbps 
channels to send a signal with 2-bit/s/
Hz spectral density over 2,550 km. In 
another highlight, John Bowers and his 
team from the University of California 
at Santa Barbara reported their progress 
toward a useful distributed-feedback 
silicon evanescent laser.

In March 2009, OFC/NFOEC will 
return to San Diego with even more  
new developments in fiber-related topics.  
To keep up with plans for next year’s 
conference, bookmark its Web site at 
www.ofcnfoec.org. t

[ Patricia Daukantas (pdauka@osa.org) is the 
senior writer/editor of Optics & Photonics 
News. ]

The IBM team demonstrated a live 
high-definition video linkup using their 
optical system at the SC2007 supercom-
puting conference in Reno, Nev. “It was 
a nice demo, but it didn’t show anywhere 
near the capability of this technology,” 
Doany said.

Jose A. Lázaro of the Universitat 
Politèchnica de Catalunya in Spain and 
his colleagues in five other European 
countries have proposed a scalable 
extended-reach passive optical network 
(PON). Their proposed network merges 
time-division multiplexed single-fiber 
tree sections with a main WDM double-
fiber ring by means of multiple passive 
nodes. The architecture could accommo-
date more than 1,000 users over 100 km 
at downstream speeds of 10 Gbps.

Applications of optical 
communications
Optical frequency combs have shown 
great promise in atomic clocks, lidar  
and other areas. Combs based on fiber 
lasers can provide an accurate spectral 
ruler across the entire telecom band,  
said Nathan R. Newbury of the  
National Institute of Standards and 
Technology (NIST).

Unlike the original Ti:sapphire  
laser combs, the fiber laser combs can 
reach far enough into the near-infrared 
region of the spectrum to cover the 
wavelengths of interest in telecommu-
nications (1.1-1.7 µm). To generate such 
a comb, researchers must send pulses 
from a mode-locked fiber laser through 
a highly nonlinear optical fiber, which 
broadens the laser spectrum.

According to Newbury, frequency 
combs can replace or augment current 
“transfer standards” for frequency and 
wavelength calibration of telecom sys-
tems. They could also lead to a possible 
future method of sending a standard 
time signal around the United States  
or the world.

Another interesting application of 
fiber-optic cables is in the Atacama Large 
Millimeter Array (ALMA), a high-reso-
lution radio telescope being built in the 
Chilean Andes. According to William 
Shillue of the National Radio Astronomy 


