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OPTICAL FIBERS 
FOR COMMUNICATIONS 

INTRODUCTION 

A new transmission medium is 
about to emerge as a competitor to 
copper media in many communica
tions applications. It is the optical 
fiber, 100 µm or so in diameter and 
made principally of silica, one of 
the most abundant materials on 
earth. When suitably engineered, 
optical-fiber cables may be used in 
a variety of applications where 
twisted copper- wire pairs, coaxial 
cables, and metallic waveguides are 

now used for the transmission of 
information; these applications 
range from short data links and 
equipment interconnections within 
a building to long telecommunica
tions trunk circuits connecting 
switching offices within a city or 
between cities. The small size of the 
individual fiber, the allowable small 
bending radius of the fiber cables, 
the large information capacity, the 
flexibility of system growth, the 
freedom from electromagnetic in
terference, the immunity from 
ground-loop problems, and the 
potential economy are some of the 
features that make optical-fiber 
systems appear more attractive 
than copper systems. 

RECENT ADVANCES AND 
PROGRESS 

Advances in research on optical 
fibers and cables in the past few 
years have been accompanied by 
similar progress in research on op
tical devices and components and 
on optical repeater techniques and 
systems.1 Signal attenuation in 
fibers as low as a fraction of a 
decibel per kilometer and pulse 
dispersion as small as a few hun
dred picoseconds per kilometer 
have been reported for multimode 
fibers.2,3 Several methods for 
coating and jacketing fibers to 
preserve their intrinsic strength 
have been applied successfully, and 
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various techniques for cabling, 
splicing, and connectorizing have 
been developed.4 The Burrus-type 
high-radiance light-emitting diode 
(LED) and the stripe-geometry in
jection laser have proved their 
suitability and reliability in many 
laboratory tests and field ex
periments. These aluminum-
gallium-arsenide (AlGaAs) devices 
emit in the spectral region of 
0.8-0.9 µm, where currently pro
duced fibers have low loss. 
Temperature-accelerated-aging tests 
on a large number of such devices 
indicate a projected mean life of 
106 h for the laser and 107 h for the 
L E D at room temperature.5' 6 

Various optical repeaters and ter
minals involving LED 's , lasers, 
photodetectors, amplifiers, and 
digital electronics have been built 
and tested at data rates up to 800 
Mb/sec; their performances were 
measured and found to be close to 
theory.7' 8 During 1976 a field ex
periment involving optical-fiber 
cables in underground ducts, cable 
splices, fiber connectors, and optical 
repeaters operating at 45 Mb/sec 
was conducted to obtain informa
tion on the performance and reli
ability of an integrated system 
under simulated field conditions. 
Overall results were extremely en
couraging.9 A data-bus system us
ing optical-fiber bundles also was 
tested successfully in a military air
craft. 1 0 Trial systems with fiber 
cables and repeaters carrying voice, 
data, and video signals have been 
installed in standard telephone 
company ducts, manholes, and cen
tral offices in the United States; 
similar tests are being conducted in 
Europe and Japan. At the same 
time, vital economic studies are be
ing pursued to ferret out applica
tions that are not only technically 
sound but also economically viable. 
With such rapid progress in re
search and promising results from 
field experiments, there is good 
reason to believe that optical-fiber 
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technology will begin to have a 
substantial impact on the telecom
munications field in the near 
future. 

Two important transmission 
properties of the optical-fiber cable 
that will strongly influence the 
economic viability and the areas of 
application of potential fiber 
systems are its optical loss and 
signal distortion (pulse spreading or 
dispersion). In general, low loss 
means long repeater spans, and 
small dispersion implies large 
transmission bandwidth over long 
distances. These properties also will 
influence the selection of system 
components and configurations. 

For many short-distance applica
tions, such as data links within a 
building where fiber runs are likely 
to be less than a few hundred 
meters, loss and dispersion need 
not be very low. Loss as high as 
several tens of decibels per 
kilometer and pulse spreading of a 
few tens of nanoseconds per 
kilometer are tolerable. Multimode 
fibers satisfying these moderate re
quirements now are available com
mercially. 

The situation is different for in¬
tracity applications where the 
distances between telephone central 
offices are several kilometers and 
the transmission rates may range 
from a few to tens of megabits per 
second. Especially if no repeaters-
are to be used in manholes between 
central offices, loss should be less 
than 10 dB /km, and pulse 
spreading below a few nanoseconds 
per kilometer. Experimental cables 
containing multimode fibers with 
graded-index profiles and satisfying 
these criteria have been produced 
in research laboratories. 

Requirements are most stringent 
for long-haul, high-capacity inter
city systems. There, loss must not 
exceed a few decibels per kilometer 
and pulse spreading must fall be
low 1 nsec/km. The low-dispersion 
requirement dictates the use of 

either multimode fibers with a 
tightly controlled graded-index pro
file or single-mode fibers. Pulse 
spreading as low as 200 psec/km 
has been observed in experimental 
graded-index multimode fibers.3 

Single-mode fibers with 0.75-
dB/km loss also have been pro
duced.11 

The very-low-loss fibers of today 
are produced by the method of 
chemical vapor-phase deposition 
(CVD). It is one of the methods by 
which extremely pure glass 
materials (with impurity levels of 
transition metals less than one part 
in 108) can be obtained to satisfy 
the requirements of low loss. In this 
method, silicon tetrachloride (SiCl 4) 
gas reacts with oxygen at high 
temperature to form silica (SiO 2) 
on the inside of a quartz tube. 
Other suitable gases, such as 
GeC l 4 , B C l 3 , or P O C l 3 , for example, 
can be introduced at the same time 
to deposit dopant oxides, such as 
GeO 2 , B 2 O 3 , or P 2 O 5 , for varying 
the refractive index of the deposit. 
After sufficient material has been 
deposited, the tube is collapsed at a 
higher temperature into a solid rod, 
or preform, which is then drawn in
to a fiber. Several kilometers of 
fiber can be drawn from a single 
preform. 

The lowest loss observed to date 
in CVD-produced doped-silica 
multimode fibers is about 0.5 
dB /km. 2 These low-loss fibers, 
which have doped-silica (GeO 2 • 
S iO 2 and P 2 O 5 • SiO 2) cores and 
borosilicate (B 2O 3• SiO 2) claddings, 
exhibit rather wide transmission 
"windows" in their loss spectra, as 
shown in Fig. 1. The loss in the 
visible part of the spectrum is 
determined by Raleigh scattering, 
which is due to the frozen-in densi
ty and compositional fluctuations in 
the material, and by the tail of the 
inherent absorption band of the 
glass constituents in the ultraviolet 
region. The absorption edge on the 
longer-wavelength side is deter
mined by the absorption of the O H 

TRANSMISSION PROPERTIES 
AND APPLICATIONS 

OPTICAL LOSS 
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i ons p r e s e n t as a n i m p u r i t y a n d b y 
the t a i l o f t he i n h e r e n t a b s o r p t i o n 
b a n d o f the g lass c o n s t i t u e n t s i n 
the i n f r a r e d r e g i o n . T h e a b s o r p t i o n 
p e a k n e a r 1.4 µm is the first ove r 
t o n e o f the f u n d a m e n t a l s t r e t c h i n g 
v i b r a t i o n o f t he O H b o n d a t 2 .72 
µm. 

B e s i d e s a b s o r p t i o n a n d R a l e i g h -
s c a t t e r i n g l osses , w h i c h a r e i n t r i n s i c 
t o g lass m a t e r i a l s , a d d i t i o n a l l osses 
m a y b e i n t r o d u c e d d u r i n g fiber 
d r a w i n g a n d c a b l e m a n u f a c t u r i n g 
a n d d u r i n g a c t u a l u s a g e o f t h e 
fiber c a b l e i n t h e f i e l d . F a c t o r s 
s u c h as m a c r o s c o p i c i m p e r f e c t i o n s 
i n t he b u l k , i r r e g u l a r i t i e s a t t h e 
c o r e - c l a d d i n g i n t e r f a c e , i n s u f f i c i e n t 
c l a d d i n g t h i c k n e s s , m i c r o b e n d s 
( m i n u t e b u t s h a r p c u r v a t u r e s i n i n 
d i v i d u a l f i b e r s ) i n t r o d u c e d d u r i n g 
c a b l i n g , severe c a b l e b e n d s i n 
u s a g e , a n d i m p e r f e c t s p l i c e s a l l c a n 

c a u s e a d d i t i o n a l l oss a n d m u s t b e 
a v o i d e d . F i b e r - d r a w i n g t e c h n i q u e s 
n o w a r e w e l l d e v e l o p e d , so t h a t 
g e o m e t r i c v a r i a t i o n s a n d w a v e g u i d e 
i m p e r f e c t i o n s i n fibers a r e u n d e r 
c o n t r o l . W h e n a c o a t i n g o f p l i a n t 
m a t e r i a l is a p p l i e d t o t h e fiber, 
w h i c h is t h e n s u i t a b l y j a c k e t e d a n d 
p a c k a g e d i n a c a b l e , t he excess 
c a b l i n g loss d u e t o m i c r o b e n d s c a n 
b e m a d e ve r y s m a l l (<1 d B / k m ) , as 
h a s b e e n d e m o n s t r a t e d i n s e v e r a l 
e x p e r i m e n t a l c a b l e s w i t h o v e r a l l ' 
losses o f 4 - 6 d B / k m . 4 I t i s c o n 
c e i v a b l e t h a t t h e loss o f f u t u r e f i b e r 
c a b l e s m a y f a l l b e l o w 3 d B / k m i n 
t h e l o n g e r w a v e l e n g t h r e g i o n o f 
1 - 1 . 5 µm, m a k i n g t h e m w e l l s u i t e d 
f o r h i g h - c a p a c i t y , l o n g - h a u l a p 
p l i c a t i o n s . 

DISPERSION AND BANDWITH 

T h e i n f o r m a t i o n - c a r r y i n g c a p a c i t y 
o f o p t i c a l - f i b e r w a v e g u i d e s is 
l i m i t e d b y s i g n a l d i s t o r t i o n i n t h e 
f o r m o f p u l s e s p r e a d i n g . P u l s e 
s p r e a d i n g w i t h i n a s i n g l e m o d e , o r 
i n t r a m o d a l d i s p e r s i o n , o c c u r s w h e n 
t h e g r o u p v e l o c i t y vg o f t h e m o d e 
v a r i e s w i t h t h e w a v e l e n g t h λ. T h u s 
i n t r a m o d a l d i s p e r s i o n is a c h r o 
m a t i c e f fec t t h a t i n c r e a s e s w i t h t h e 
s p e c t r a l w i d t h o f t h e o p t i c a l s i g n a l 
s o u r c e . I n p a r t i c u l a r , vg (λ) is a 
f u n c t i o n o f t h e r e f r a c t i v e i n d e x n(λ) 
a n d o f t h e d i m e n s i o n s o f t h e 
w a v e g u i d e r e l a t i v e to λ.12 P u l s e 
s p r e a d i n g d u e t o t h e v a r i a t i o n o f 
dn/dλ is r e f e r r e d t o as m a t e r i a l 
d i s p e r s i o n . I n s i n g l e - m o d e fibers, 
m a t e r i a l d i s p e r s i o n u s u a l l y d o m i 

na tes o v e r t he d i s p e r s i o n a s s o c i a t e d 
w i t h w a v e g u i d e e f f e c t s . 1 3 

P u r e s i l i c a e x h i b i t s z e r o m a t e r i a l 
d i s p e r s i o n n e a r λ = 1.27 µ m . 1 4 

D i s p e r s i o n i n b o r o s i l i c a t e ( B 2 O 3 • 
S i O 2 ) a n d g e r m a n i u m b o r o s i l i c a t e 
( G e O 2 • B 2 O 3 • S i O 2 ) g l asses u s e d 
f o r l o w - l o s s fibers h a s b e e n 
m e a s u r e d i n t h e b u l k a n d f o u n d t o 
b e n o t t o o d i f f e r e n t f r o m t h a t o f 
p u r e s i l i c a , as s h o w n i n F i g . 2 . 14, 1 5 

T h e e x t r a p o l a t e d z e r o d i s p e r s i o n 
n e a r 1.3 µm h a s b e e n v e r i f i e d e x 
p e r i m e n t a l l y i n s e v e r a l d o p e d - s i l i c a 
fibers.16 I t is f o r t u i t o u s a n d i n d e e d 
f o r t u n a t e t h a t t h e s e fibers a l s o e x 
h i b i t t h e i r l o w e s t l oss i n t h e v i c i n i t y 
o f 1.3 µm. N a t u r a l l y , i n t e n s e 
r e s e a r c h i n t e r e s t is n o w f o c u s e d o n 
o p t i c a l s o u r c e s a n d d e t e c t o r s t h a t 
w i l l w o r k e f f i c i e n t l y a t t h e s e 
w a v e l e n g t h s . 

S i g n i f i c a n t p u l s e s p r e a d i n g c a n 
o c c u r i n m u l t i m o d e fibers e v e n i f 
m o n o c h r o m a t i c s o u r c e s a r e u s e d . 
T h i s is b e c a u s e t h e g r o u p v e l o c i t i e s 
o f t h e v a r i o u s m o d e s d i f f e r f r o m 
o n e a n o t h e r , c a u s i n g g r o u p d e l a y 
s p r e a d , o r i n t e r m o d a l d i s p e r s i o n . 
I n t e r m o d a l d i s p e r s i o n i s u s u a l l y 
m e a s u r e d i n t e r m s o f σ m , t h e 
r o o t - m e a n - s q u a r e ( rms) v a l u e o f 
t h e d e l a y s p r e a d p e r u n i t l e n g t h o f 
t he fiber. A m u l t i m o d e fiber o f 
u n i f o r m (step) i n d e x p r o f i l e h a s a n 
i n t e r m o d a l d i s p e r s i o n g i v e n b y 2σm 

=noΔ/√¯3c, w h e r e no is t he 

r e f r a c t i v e i n d e x o f t he c o r e , Δ ( < < 1 ) 
is t he r e l a t i v e i n d e x d i f f e r e n c e b e 
t w e e n t h e c o r e a n d t h e c l a d d i n g , 
a n d c is t he v e l o c i t y o f l i g h t i n 
v a c u u m . G r a d i n g t he i n d e x p r o f i l e 

F i g u r e 2. M a t e r i a l d i spe rs i on o f s i l i ca ( S i O 2 ) , boros i l i ca te (13 m o l % 

B 2 O 3 • 87 m o l % S i O 2 ) , a n d g e r m a n i u m boros i l i ca te (10 m o l % G e O 2 • 4 

m o l % B 2 O 3 • 86 m o l % S i O 2 ) glasses c o m m o n l y used for m a k i n g low- loss 

f ibers . T h e o rd ina te is m e a s u r e d i n p s e c / k m o f pu lse de lay sp read per 

nanomete r o f source spec t ra l w i d t h . T h e so l i d curves are t a k e n f r o m 

Re fs . 13 a n d 14; the d a s h e d po r t i on is e x t r a p o l a t e d . M a t e r i a l d i spe rs i on 

o f s i l i ca a n d bo ros i l i ca te glasses are very close to each other . 

F i gu re 1. Loss spec t ra o f m u l t i m o d e op t i ca l 

f ibers w i th d o p e d s i l i ca ( G e O 2 • S i O 2 a n d 

P2O5 • S i O 2 ) core a n d boros i l i ca te ( B 2 O 3 • 

SiO2) c l a d d i n g ( f rom Re f . 2). 
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Figure 3. Bandwidth improvement factor versus α for a multimode fiber of graded-

index profile described by n(r) = no[1 - Δ ( r /a ) α ] , with Δ = 0.01. The improvement 

factor is the ratio of the rms value of the pulse delay spread for the step-index fiber, 

σm (step), to that for the graded-index fiber, σm (graded). 

in the core tends to equalize group 
velocities and reduce intermodal 
dispersion. For the class of graded-
index profiles defined by n(r) = 
no[1-Δ(r/a)α], where α is the radius 
of the core and r < a, intermodal 
dispersion is minimized when α is 
approximately 2. 1 7 In particular, if 
the variation of Δ with respect to 
the wavelength is neglected, one ob
tains a minimum pulse spreading 
given by 2σm = noΔ2/10√¯3c when 
α is α o p t = 2(1 - 1.2Δ).18 The inter
modal dispersion of the optimally 
graded fiber is therefore 10/Δ 
times smaller than that of the step-
index fiber; for Δ = 0.01, the im
provement factor is 103. As shown 
in Fig. 3, this impressive improve
ment is sharply peaked over a very 
narrow range of α values, implying 
the necessity for precision control 
of the index profile in high-
performance multimode fibers. 

Actually, because refractive in
dices of different materials vary dif
ferently with λ, the variation of Δ 
with respect to λ is not zero, and 
therefore d Δ / d λ should not be 
neglected in determining α opt The 
corrected optimal α, assuming a 
linear relationship between n and 
dopant concentrations, is given by 
αopt = 2[1 - P - Δ(2 - P)(3 - 2P)/ 
(5 - 4P)], where P = ( λ /Δ )dΔ/dλ is 
called profile dispersion. 1 8 Hence, 
the peak of the bandwidth improve

ment curve in Fig. 3 shifts with 
wavelength, although the shape re
mains approximately the same. 
Because of profile dispersion and 
because of the critical dependence 
of the bandwidth on α, a fiber that 
is optimized for operation at one 
wavelength may not have a large 
bandwidth at another. This effect is 
material dependent and is more 
pronounced for certain material 
combinations than for others.1 5 , 19 It 
is possible to reduce profile disper
sion by specifying independently 
the concentration profiles of the 
components of a multicomponent 
glass in order to obtain a relatively 
flat dependence of αopt on λ.20 

In a study of dispersion in 
multimode borosilicate (B 2 O 3 • SiO 2) 
fibers of variously graded index 
profiles, maximum bandwidth was 
observed to occur for α = 1.77, 
which agrees well with the value 
predicted from bulk-sample 
measurements.15, 2 1 The observed 
maximum bandwidth was 75 times 
that of the step-index fiber of the 
same Δ, but still a factor of 23 
below the theoretical maximum, 
thus indicating the difficulty of ob
taining a perfect optimal profile in 
practice. 

A phenomenon that has been 
predicted and observed to reduce 
pulse spreading is mode mixing. 2 2 , 2 3 

Index variations or perturbations of 

the fiber geometry, with 
longitudinal periodicities equal to 
the beat wavelengths of the pro
pagating modes, will cause power 
in a pulse to transfer from mode to 
mode and to arrive at the output 
end with a group delay that is 
averaged over all modes. When the 
mode-mixing effect dominates, 
pulse spreading will not increase 
with fiber length L but will increase 
with √¯LLC, where Lc is a coupling 
length over which mode mixing has 
resulted in a steady-state distribu
tion of energy among modes. Un
fortunately, mode mixing in
troduces additional loss because 
power also transfers to radiation 
modes. 2 4 Thus the very desirable 
reduction in pulse spreading is ac
companied inevitably by an added 
loss, which may not be tolerable in 
many situations. 

In order to illustrate the forego
ing discussion on dispersion, pulse 
spreading at three wavelengths of 
interest is compared in Fig. 4 for 
three fibers: a multimode fiber with 
step-index profile, GeO 2 •B 2 O 3 •S iO 2 

glass, Δ = 0.01; a multimode fiber 
with a non-optimally graded index 
profile (bandwidth improvement 
factor of 100),GeO2 • B 2 O3 • S iO 2 

glass, Δ = 0.001; and a single-
mode fiber, B 2 O 3 • S iO 2 glass, Δ = 
0.001. Material dispersion data for 
the above glasses are taken from 
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SOURCE SPECTRAL WIDTH (nm) 

F i g u r e 4. Pu l se s p r e a d i n g ( 2 σ m ) a n d b a n d w i d t h (data rate X fiber length) versus 

source spec t ra l w i d t h (2σ s ) fo r three types o f op t i ca l Fibers at λ = 0 .85 , 1.05, a n d 1.25 

µm (σm a n d σs are rms values). T h e three f ibers a re : m u l t i m o d e f iber w i th s tep- index 

p ro f i l e . G e O 2 • B 2O 3• S i O 2 g lass, Δ = 0 .01 ; m u l t i m o d e f iber w i t h n o n - o p t i m a l l y 

g raded - i ndex p ro f i le (the assumed b a n d w i d t h i m p r o v e m e n t fac tor of 100 is c lose to 

the best va lue observed to date) , G e O 2 • B2O3 • S i O 2 g lass, Δ = 0 .01 ; a n d s ing le-

m o d e fiber, B 2 O 3 • S i O 2 g lass . Δ = 0 .001. T h e d a s h e d l ine in the lower- r igh t corner 

represents the lower l im i t to pu lse s p r e a d i n g in s i l i ca fibers. 

Refs. 14 and 15. Both pulse-delay 
spread and source spectral width 
are given by their double rms 
values, 2σm and 2σs, respectively. 

As illustrated in Fig. 4, the 
bandwidth of the step-index 
multimode fiber is completely 
dominated by intermodal dispersion 
in the range of the source spectral 
width shown. The operation of the 
graded-index fiber is governed by 
intermodal dispersion if lasers are 
used (2σs < 2nm) and by 
material dispersion if LED 's 
are used (e.g., for A lGaAs LED 's 
operating at λ = 0.85 µm, 2σs 

35 nm; for InGaAsP LED 's 
operating at λ = 1.25 µm, 2σs 90 
nm, as indicated in the figure by 
the two dots). Pulse spreading in 
single-mode fibers follows closely 
material dispersion and is less than 
10 psec/km for laser sources 
operating near λ = 1.3 µm. 

Pulse spreading at the wavelength 
where material dispersion vanishes 
is proportional to the square of the 
source spectral width. 2 5 This is 
shown in Fig. 4 (in the lower right-
hand corner) as the dashed line of 
slope two for fused silica at λ = 
1.27 µm. It imposes a fundamental 
limit on the duration of the shortest 
pulse that can be transmitted 
through silica fibers. For a 
monochromatic source it is about 1 
psec/km. 

In order to relate dispersion to 
transmission bandwidth of the 

fiber, it is necessary to consider 
how pulse spreading degrades 
system performance. In a pulse-
code-modulation communication 
system, pulse spreading causes in¬
tersymbol interference which in
creases the error probability (when 
the signal is regenerated) above 
that set by the signal level and the 
receiver noise. This degradation can 
be removed by first increasing the 
level of the received optical signal 
at the detector and then passing 
the distorted electrical signal 
through a filter that equalizes the 
response of the fiber. The required 
increase in signal power, for an er
ror probability of 10 -9, is approx
imately 1 dB when 2αm L is about 
one hal the time slot T assigned to 
each pulse, that is, when 2αm L = 
T/2 , where 1/T is the data 
rate.8 Using this 1-dB signal-power 
penalty as the criterion, it is possi
ble to define a transmission band
width in terms of the allowable 
data rate for a given fiber length L. 
This data-rate-times-length product 
(DR•L) is given as the right-hand 
ordinate in Fig. 4. The example of 
the graded-index multimode fiber 
with an A lGaAs L E D operating at 
0.85 µm shows that material disper
sion limits DR • L is about 140 
Mb • km/sec, whereas with an In
GaAsP L E D operating at 1.25 µm 
DR•L is about 600 Mb•km/sec. A 
single-mode fiber operating with a 
laser of 2αs = 1 nm 

at 1.25 µm is capable of transmit
ting 25,000 Mb/sec for 10 km, a 
very impressive bandwidth indeed! 

CURRENT RESEARCH 
ACTIVITIES 

Although optical-fiber cables of 
various configurations are now 
available on an experimental basis 
and already have demonstrated 
satisfactory performance in several 
applications trials, current research 
work continues to push toward the 
achievement of higher strength, 
lower cost, lower loss, larger band
width, greater reliability, and other 
desirable features. For example, 
some of these activities are: ex
amination of different glass 
materials for lower loss and lower 
cost, improvement of preform-
fabrication and fiber-drawing 
techniques, investigation of various 
plastic materials for coating and 
jacketing of fibers, implementation 
of new and sophisticated measure
ment techniques for characterizing 
fibers and preforms, evaluation of 
environmental effects on fiber 
strength and optical loss, explora
tion of better cabling and splicing 
methods, and development of con
nectors and couplers with lower loss 
and greater reliability.4 In addition, 
technologies relating to single-mode 
fibers are now beginning to receive 
attention. Promising results have 
been obtained already in the areas 
of low-loss single-mode fibers and 
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Figure 5. Repeater performance chart. This 
chart summarizes theoretical and experi
mental performance of optical digital 
repeaters. The ordinate is the average 
number of primary photoelectrons generated 
in the photodetector by the received optical 
signal in an interval T = 1 /(bit rate) re
quired to achieve a 10 -9 error probability; it 
is proportional to the required energy per 
bit. The abscissa is the bit rate. The two 
bands represent theory based on current 
device parameters for silicon field-effect 
transistors (FET) and silicon bipolar tran
sistors that are used in the preamplifiers im
mediately following the detectors.8 The up
per band is for PIN photodiode detectors 
and the lower band is for avalanche 
photodiode detectors with optimal gain 
(ranging from about 20 at 1 Mb/sec to 
about 100 at 100 Mb/sec). The dots repre
sent experimental results. The dashed 
diagonal lines help to determine per
formance values in terms of the average op
tical power required at the receiver. 

spl ices. 1 1 , 2 6 The more demand ing 

requirements of single-mode opera

t ion and smal l core dimensions 

( ~ 10-µm diameter) wi l l present 

new and interesting chal lenges. 

Fo r operat ion near λ = 0.85 µm, 

A l G a A s L E D ' s and lasers and 

si l icon P I N and avalanche photo-

diodes are commerc ia l ly avai lable 

and have been used in many labo

ratory tests and f ie ld experiments. 

Rel iab i l i ty of these devices is no 

longer a major concern. Cur rent 

research interests in A l G a A s 

devices center around investigations 

of various techniques for achieving 

single-frequency and single-mode 

operat ion, lower threshold, greater 

temperature stabi l i ty, higher 

modulat ion bandwidths, etc., and 

for integrat ing devices of dif ferent 

funct ions on a single semiconductor 

c h i p . 2 7 

The potent ial of opt ical- f iber 

cables wi th low loss and low disper

s ion in the spectral region o f 1-1.5 

µm has st imulated intense interest 

in mater ia ls and device research on 

sources and detectors that wi l l work 

eff iciently and rel iably at these 

wavelengths. Examples of sources 

that show promise are I n G a A s P 

lasers and L E D ' s and a single-

crystal neodymium fiber laser end-

pumped by a single L E D . 2 8 - 3 0 The 

prob lem of m a k i n g a low-noise 

avalanche photodiode wi th low 

dark current remains to be solved. 

Rather intensive work on opt ical 

repeaters and terminals du r ing the 

last few years has produced results 

that cover a wide range of data 

rates. 7 A s i l lustrated in F i g . 5, 

agreement between theory and ex

per iment is rather good. Cur rent 

repeater-research interest is 

directed toward push ing the f ron

tiers of h igh-capaci ty systems and 

broadening the base of various 

areas of appl icat ion. 

CONCLUSIONS 

Opt ica l - f iber t ransmission is loom

ing as a major innovat ion in the 

field o f te lecommunicat ions. Its 

technical feasibi l i ty is being 

demonstrated in many ongoing 

field experiments and tr ials. The 

impact of this new technology on 

the communicat ions f ie ld wi l l de

pend on the economic v iabi l i ty of 

fiber systems compared to conven

t ional and alternative systems in 

various appl icat ions. 
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