
Si n c e o p t i c a l f i be r 
t ransmission is part 
of the infrastructure 
of society, its signifi
cance may not be ap
parent to users. How
ever, if you place an 
international call over 
the P a c i f i c of the 
A lan t i c O c e a n , y o u 
may exper ience sur

pr is ing ly c lear commun ica t i on due 
tooptical Pulse Code Modulat ion (PCM). 
That is due to optical fiber transmission. 

After the trial-and error era of the 
1960s triggered by the invention of the 
laser, the 1970s saw rapid R&D on com
bining a very low-loss quartz opt ica l 
fiber and a semiconductor laser d iode 
(LD) for opt ical communicat ion. Dur
ing the 1980s, a large number of such 
f iber/LD systems were instal led to pro
vide high qual i ty and inexpensive tele
communicat ion serv ices. The highly 
successful appl icat ion of opt ical fibers 
in long-distance and inter-office net
works of common carr ier operat ing 
telephone companies (OTCs) is drasti
cally changing these networks. The cost-
effective Gbit/s fiber t ransmission sys
tems, which have reached 1.6 Gbi ts /s 
(NTT) and 1.7 Gbi ts /s (AT&T), have 
been put into commerc ia l services and 
have become rel iable backbone links in 
the United States and Japan. More than 
5 mil l ion ki lometers of fiber have been 
installed in the common carr ier net
works in the wor ld . Undersea fiber sys
tems, which are said to be the extreme 
test of the t ransmission technology, 
are funct ion ing both t rans-At lant ic 
(TAT-8) and trans-Pacif ic (TPC-3). No 
failures in the fibers, LDs, or photo-
detectors have been reported so far. 
CATV providers in the U.S. are also 
enthusiast ic about in t roducing fiber 
systems as backbone links that provide 
users with high definit ion pictures. 

Now, at the beginning of the 1990s, 
those involved with fiber t ransmiss ion 
systems are concerned about what d i 
rection fiber may take. Early on, the 
direct ion was obv ious -a replacement 
for POTS (Plain Old Telephone Service). 
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Fiber provided clear advantages over 
POTS. Conventional copper systems 
could not compete with fiber systems 
in which distances between repeaters 
were more than 10 times longer. More
over, a demand for greater capacity 
was created by businesses eager to 
lease circuits. 

In the future, fiber markets will in
clude High Speed Data Transmission 
(SMDS), Local Area Networks (LAN), 
and Fiber-to-the-Home (FTTH). Eventu
ally these will lead to broadband 
ISDN (BISDN). One of the challenges 
facing fiber system architects is cost 
vs. packaging. However, rather than al
lowing cost considerations to drive 
technology development, system ar
chitects should use a parallel approach 
that emphasizes R&D and engineering. 
Such an approach will lead to wider 
applications for fiber systems. 

It is widely accepted that a single-
mode, fiber-based broadband inte
grated services digital network (BISDN) 
will be the future infrastructure that 
can support an intelligent network and 
a personal network, including high
speed data transmission of images. It is 
also clear that, in the BISDN area, there 
will be two necessary transmission 
technologies-ultra high speed and high 
capacity transmission technology for 
links and FTTH where every home and 
office is connected with fiber. More
over, between the above two ex
tremes—the long distance links and the 
subscribers—there are many techno
logical issues associated with optical 
communication signal processing and 
optical information processing at each 
mode. An optical link between termi
nals—that is, "Photonics Through the 
Networks (PTTN)"—is the basic strat
egy of researchers and engineers and it 
will provide a substantially new break
through, even though compromise with 
electronics will be required. 

Optical fiber/cable technology is al
ready in the production phase. The 
world market in 1989 was estimated to 
be 5 million km of fiber and the produc
tion capability can be enough in a few 
years if the FTTH project starts now. 

Very recently, NTT disclosed its plans 
to connect every home by fibers by 
2015. According to Southern Bell's esti
mate, the fiber cost per living unit will 
cross the copper cost per living unit 
and will go down by the mid-1990s at 
the latest. In the United States, more 
than 20 FTTH loop installations are un
derway.1 Whenever the crossover point 
comes, fiber/cable technology will be 
ready. Recent issues in the field are 
cost reduction, high strength SMF (TI
TAN by Corning Glass), Dispersion 
Shifted Fiber (DSF), and Er-doped fiber 
for amplifier (EDFA). 

Light source/detectors 
The wavelength used in common car
rier fiber systems ranges between 1300-
1550 nm. The first commercially used 
Gbit/s systems [1.6 G (NTT) and 1.7G 
(AT&T)] use a distributed feedback 
(DFB) LD that can operate in a single 
mode or a single lasing wavelength un
der direct modulation of the device 
current. To realize much higher speed 
direct modulation, multi-electrode or 
multi-section DFB or Distributed Bragg 
Reflection (DBR) LDs are under study 
and small lasing-wavelength-chirping at 
more than 20 GHz direct modulation 
are reported. 

During the development of the Gbit/s 
system, engineers learned that imple
mentation of high-speed electronic IC 
was very tough. NTT could resolve the 
issue by using Si bipolar transistor IC 
technology (super self-alignment tech
nology, SST) that can be used for up to 
10 Gbit/s systems. The key to achieving 
ultrahigh speed transmission systems 
lies in the IC technology GaAs or InGaAs 
transistors capable of recording 200 
GHz operation in a single device. 

Even though an external modulator 
rather than the direct modulation of 
LDs could be used, the speed limit of a 
single channel will be 100 Gb/s. Note 
that 40 GHz modulation by lithium 
niobate and 20 GHz modulation by MQW 
have been reported (NTT). An alterna
tive is wavelength division multiplex
ing (WDM), a basic example of which is 
already in use commercially at 1300 nm 

and 1550 nm. In laboratories, more 
dense WDM experiments are being per
formed to make better use of the 30 THz 
frequency range in the long wavelength 
region. The other alternative is time 
domain multiplexing (TDM), which uses 
very narrow optical pulses. However, 
WDM provides much wider freedom in 
system design. 

Instead of the conventional fiber 
transmission by intensity (energy) 
modulation, lightwave transmission or 
coherent transmission, in which infor
mation is carried by the phase/fre
quency of light, is making rapid progress 
in many laboratories. Coherent trans
mission can provide ultrahigh capacity 
transmission by using frequency divi
sion multiplexing (FDM). A demonstra
tion of 100 lightwaves FDM with 10 GHz 
separation was reported (NTT) and 
Tbit/s transmission is likely. The tech
nological advantage of the FDM system 
is that the conventional sophisticated 
microwave technology, including mi
crowave monolithic IC (MMIC) technol
ogy, can be used for signal handling 
after optical heterodyne of the signal 
from the lightwave range into the mi
crowave range. The main issue is how 
to achieve accurate frequency control 
of LDs. Multisection or multi-terminal 
DFB/DBR LDs are being studied, some 
of which show a narrow linewidth of 
170 kHz (Hitachi) or a tuning range of 
more than several 100 GHz. 

System designers are complaining 
about the high price of the LDs for FDM, 
which cost more than $1,000 per de
vice. On the other hand, the price of 
LDs for the compact disc (CD) at a 
wavelength of 780 nm is said to be un
der $2 line for large volume purchase in 
Japan. The 780 nm LDs could be used in 
short distance and small capacity 
transmission systems; however, the se
lection of the cut-off wavelength in 
single-mode fibers might be a critical 
issue. In this case, how to make cheap 
packaging for the LD will dominate the 
cost issue. 

For CATV applications, analog fiber 
systems using DFB LDs have been de
veloped and introduced into service 
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where expensive DA converters are not 
necessary. General ly, a device having a 
threshold character ist ic is easi ly sus
cept ible to nonl inear distort ions- Con
sequently, devices wi th low nonl inear 
distor t ion may be expensive due to low 
y ie ld. Compromise between low distor
t ion and pr ice wi l l be another techno
l o g i c a l cha l l enge . In that s e n s e , 
subcarr ier mult iplexing (SCM) seems 
more realist ic f rom the light source 
aspect (GTE). 

LEDs look l ike another solut ion for 
achieving an inexpensive light source 
for mult i-mode fiber systems. However, 
at present the story is different than 
was ant icipated. The LD or the LED is 
just a ch ip . The pr ice wi l l be dominated 
eventual ly by packaging and fiber at
tachment cost and wi l l be several tens 
of dol lars per light source module, even 
though multi-terminal, long wavelength 
DFB/DBR LD chips are in the module. 

Emerging technology 
Integrated opto-e lectronics shows a 
steady advance due to innovat ions tak
ing place in epitaxial crystal growth 
and the processing technologies for 
compound semiconduc to rs . Demon
s t ra t ion of PIN-FET a p p r o a c h e s to 
propert ies measured in hybr id receiv
ers and Gbit /s OE-IC receivers are within 
the range of development if customers 
want them. Opt ical interconnect seems 
l ikely to be the first user of these de
vices. Vert ica l cavi ty surface emitt ing 
(VC-SE) LDs, wh ich is one of the current 
big topics, could make a breakthrough 
due to their smal l s ize—less than 10µm 
cubic (Tokyo Inst. of Tech. , Bel lcore, 
AT&T)—and sub mA threshold (USCB). 

The opt ical amplif ier now seems real
ist ic. The idea is older than that of the 
laser. The combinat ion of the Erb ium-
doped fiber and the 1480 nm or 980 nm 
LDs for the pumping has led to the 
development of a pract ica l Erb ium-
doped fiber ampli f ier (EDFA). Demon
strat ion of 2,200 klm l ightwave trans
mission at 2.5 Gbi t /s wi th 25 EDFAs 
proved the potential ly great versat i l i ty 
of the device (NTT). EDFA and semi
conductor laser ampl i f ier (SCLA) wi l l 

be in t roduced into pract ica l systems 
wi th in five years. 

Innovations are being made in pas
sive components for bulk devices, fiber 
devices, and planar l ightwave circuit 
(PLC) devices. Subscr iber loop (for ex
ample, T P O N / B P O N by BTRL) LANs re
quire rel iable, maintenance-free, even
tual ly inexpensive devices. Therefore, 
passive components become a really 
cr i t ica l engineering chal lenge. They are 
also key devices for sophist icated fiber 
t ransmission systems like the opt ical 
frequency filter. The PLC, in wh ich s i l ica 
opt ica l waveguides are patterned on a 
Si substrate to make a Mach Zender 
interferometer filter, succeeded in a 
filter that could select on opt ica l fre
quency out of 128 l ightwaves separated 
by 10 GHz (NTT). 

Fu ture f iber c o m m u n i c a t i o n w i l l 
w iden the technological hor izon in the 
field designated by three axes shown in 
Figure 1: wavelength/frequency, time, 
and space. Current technologies used 

Figure 1. Along (TIME)-1 axis, we developed nar
row optical pulses with high repetition so as to 
make multi-gigabit systems. FREQUENCY/ 
(WAVELENGTH)-1 axis shows emerging tech
nologies of wavelength division multiplex (WDM) 
and frequency division multiplex (FDM) for coher
ent lightwave systems. In the future, photonic 
wavelength switching will take on increasing 
importance. The most interesting properties of 
light exist within some domain designated by the 
SPACE axis as well as TIME and FREQUENCY. 

in opt ica l communicat ion address only 
t ime issues. As opt ica l communicat ions 
move forward, opt ica l t ransmiss ion, 
wh ich includes switching, signal pro
cess ing, terminals and so forth, wi l l 
become more significant. Networks wi l l 
become more f lexible because of corre
sponding issues shared by opt ical loop 
and opt ical trunk networks. Two areas 
of t remendous advance are photonic 
spat ia l swi tching and two-dimensional 
opt ical signal processing and opt ical 
commun ica t ion process ing. A smart 
combinat ion of Photonics Through the-
Network and micro-electronics wi l l re
sult in a fruitful information age. No less 
important to adjust our future direc
t ions and find the most efficient way to 
BISDN are l inks between these emerg
ing technologies and standardizat ion 
such as SONET or A T M . 
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