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ABSTRACT

The technical prdblems facing the_Canadién cable
television industry are mentioned and the possibility of
solving these prbblems through the appl;catioq of optical
comﬁuniéations technology is,q;sgussed;_Ihéﬁ¢h§ﬁgdtépistics

of coaxial cables and optical fiber waveguidéé}aﬁe]

3

and the advéntages of the optical‘fibéf,WgVeéd;aéagfé ﬁointéd
out. Possible system cOﬁfigurapiéns df éhidptical—cable
‘television éystém‘éré prese;tediénd‘the_present state of
optical-communications téchnology is discussed. The research
and development required to ?roduce,a praétical optical-~

caﬁle television systeﬁ arevpointed out. It is concluded

that there are no obvious technical‘reasons that>would prevent
development of such a system in 10 * 5 years. The problems .

that will affect the timing are pointed out and the question

- of cost is touched upon.

The views expressed in this paper are those of the author and

do not necessarily represent the views of the Communications Research

Centre or the Department of Communications.
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I INTRODUCTION

" The year 1974 is the 100th anniVersary.of the inventfon
of the.te1ephone by Alexander Graham Bell. Among the many
invenfionS’made by him, it appears that the photophohe shown -
in Fig. 1, was considered by Bell himself to be his greatest
invention(]). Voice communicétion ovér.a distance of‘ZOO‘meters
or so was achieved by this déVice, It'ch]d be said that the
photpphone was the first opticai communication system to rise
above the very low information‘rates of aﬁcient optical com-
mun{cation devices such as smoke gigna1$,_b1ink1ng_1ights and
the he]iograph. The high expectations by Alexander Graham Be]l.
bf-the photophone communicating without any conducting wire was B
never realized because of~thevpracﬁiéa1_prob]éﬁ5'6f-fkéﬁsmitting
and guiding light beams through the étmosphere as well as the
problem of pr&viding a suitable Tight source.

(2)

»  However, by the emergence of the laser*“‘and semiconductor light
sourées(3)’(4) in recent>years, together with the development of

1ow 1055 optical fiber»waveguides(s), Alexander Graham Bell's -
exbectations are being realized today. Light beams can now be

~guided around corners and over long distances by optical fiber

waveguides. Light emitting diodes and lasers have replaced

»




_;}‘

. the sun as a light source, Today we are about to see dn
'exeiosive growth of the optical communicatjons technology -
based on low-loss optical fiber waveguides and semiconductor
Tight sources.

| This new techno1ogy will have'a significent impact
on the future of the cable television industry and may o
provide so]utions to a'ndmber of technical prdb]emS»facihg
the industry today. For example, compliance with Broadcast
Procedures 23 presents difficu]ties-to many cable systems, |

part1cu1ar1y to those that have extended trunk Tines that produce

- poor qua11ty s1gna1s due to the cascad1ng of many amp11f1ers

Congestion of broadcast channels and difficulties with channel -
allocation are being'experienced by some cable television
systems today. The m1dband service offered through ‘the use

of  a converter has prov1ded one so1ut1on but assurance of
signal quality may be a problem in some systems that

employ -single-ended trunk amplifiers. - For the Tong

term outlook, imp1ementation~of two-way or bidirectional services

on a large scale to provide so-called wired-city services such
as pay TV, information retr1eva1, remote shopp1nq and bank1ng |
will be a technical challenge for present day coaxial cab}ev
technology. These prob1ems facing the present and future coaxial
cable Le]ev1s1on systems can be solved through deve1opments in

opt1ca1 commun1cat1ons technology. .

4




~ II' COMPARISON OF COAXIAL CABLES AND OPTICAL FIBER WAVEGUIDES" |

~ The principles utilized in opticaT‘fiber?waygguide tech-
.nology are a natural extension of the principles applied in
coaxial cable technology. 1In othef words, Maxwell's equations
app]y-to~opfica1 freqhencies as well. ‘Tab1e i lists a cémparison
of;frequenéies and wavelengths of the frequency spectrum of
e]eE;rq—magnetic waves. The spectrum starts from be]owithe
audio région_and extends into and beyond the visible 1ight

region. The very high frequencies of 10

Hz for-optical waves
offers the possibility of transmitting extremely large band- B
widths of informatibn corresponding to several thousand TV -

channels. Initially, research workers were attracted to this

potential. The interest in optical communications has increased further ’

in the last few years because optical cdmmunication system
components have shown promise to be competitive in cost wifh
conventional gadio—frequency system components such as the coaxial
cable. Indeed waveguides for optica1,freﬁuencies should have
better characteristics than coaxial gab]es in many reépects. The:
optical fiber waveguide is described below and its characteristicg
are comparedeith the coaxial cable. -

A. The Optical Fiber Waveguide

The cutaway view in Fig. 2 shows the basic structure of

ar dptica1 fiber waveguide. The material of_thé fiber is glass or
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TABLE 1

THE ELECTRO-MAGNETIC SPECTRUM

FREQUENCY (Hz) ~ WAVELENGTH (m)

OPTICAL WAVES = » w0t 1076

11 -3

mmWAVES ~3X10 10
TELEVISION | 3x10° | 1
RADIO o S 308 10 1 |

TELEPHONE 3x10° S0
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b--fusedvquartz-and.the core has a higher index of refraction
thanlthe cladding. A Tight ray is propagated along the fiber
by tofaf internal ref]ectfon at the core-cTadding boundary.
Propagation characteristics of the fiber waveguide arevdeterf
mined hy.the physical dimensions, indices of refraction

and material properties. A typical fiber waveguide has. an -

~ outside diameter of approximately 130 um and is as fine as a .
human hair. Individual fibers can be protected with a thicker
.p1astic sheach which reinforces the mechanical strength of
the»fiber. The overall diameter of such protected fibers

is about 1 mm and multiple "conductor" cab1es can be fabricated
readily.

B. The Attenuation Factors

One of the major advantages of optical fiber waveguides

when compared to conventional coaxial cables is shown in Fig. 3.

The attenuation of coaxial cables varies with frequency. For

examp]e, in the case of RG-17/U, the attenuat1on changes approx1mate]y by a

factor 10 for a frequency change from 1-MHz to 100 MHz. In

comparison, the optica] fiber waveguide can be designed to have acconstant :

attenuat1on over such a bandw1dth This is possible because the 100 MHz

the bandw1dth corresponds to on]y 1 part in a million of the 1014 Hz

.opt1ca] frequency and as, far as the f1ber propagation characteristics S




are thcérned, the optical frequency is unchanged by such a g ”

-'sma11 bandwidth of modulation. In comparison, for the coaxial cable

;athe 1 to 100 MHz bandwidth covers almost 5 octaves. Of course the optical
fiber waveguide'is nof without an upper frequency limit but fibers - |

' Capab1é of transmitting 1 G.bfts/Sec over a j km distance are readi1y'
fabricated. In terms of system engineering, the constant‘frequéncyvresponse
of the fiber wiT] eliminate the need for frequency compensation.circuits,
or so ca11ed*”t11t-cohtro1s“ and simplify the circuitry of repeatér |
amplifiers which will most Tikely bé Simi]ar.to conVentiqna] radio
frequency (RF) ampTiffers except for the 6ptoe1ectrbn1c Cifcuitry that
converts RF signals to Optica1.signa1s or optfcal ﬁigna1s,to RF signals.
The attenuation oflthe optical fiber can be lTower than most coaxial cables

and a fiber with a 20 dB/km loss is avai]ab]e_commercia]]yT today
and fibers with losses less than 4 dB/km have Béen produced in theA ‘

1aboratory(38)

. With a 4 dB/km loss, trunk amplifier spacings of
more than 5 km (3 miles) is a possibility.

C. The Temperature Coefficients

The optical fiber waveguide has another‘significant
advantage over coaxial cables in terms of temperature stability.
The attenuation factor of a typical goax1a1 cab1e has a temperature
dependence of approximately 0.2%/°C which also differs for
different frequencieﬁ. This introduces trdﬁbfesome temperatufé
cohpenéatidn requirements, particularly in Canada where the
ambient temperature shows d large seasonal variation. The
temperature sensitivity of thé coaxial cable arises from fhe'
dimensional change as we11'as the change .in the dielectric constant
with temperature of the coaxial cable material. These‘changes“»
are directly related to the 11n§ar coéfficjent of exﬁénsion of

the materials. Table 2 lists the coefficients of typiéa] materials

- Corning Glassworks, Corning, N.Y.,U.S.A.
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The 1é€k of radio frequency 1eakage and ﬁf;kup will assist in
-many'ways towards compliance with radio kégu]atjon(standards‘by
eliminating radio ffequency ingress and egress‘problems; The
absence of»cross—ta]k:betwéen optically shielded fibers will
ease the fﬁp]ementation of spatial division md]tip]exing. _
Trdﬁb]esome ground Toop problems will also be eliminated becausev,
théffiber is an insu1étor. The Tow éttenuation factor of thé
fiber Qi]] permit spacings larger than 1 km between trunk
amplifiers which may,mean lower system cost cqmpared to coaxial
cable systems in some cases. Fewer repeater amplifiers for a
given distance will méanAeasier comp]iancé with performance
standards contained in Broadcast Procedure 23. The non-use |
of copper may become significant in future years because fhe
“known high grade copper ore is predicted by some to become
dep]etedlin about 15 years(G).-

. O0f course , the coakia] cable has some significant advantages..
over optical fibers. The coaxial cable féchno]ogy is well deVe]opéd and
many communication sefviées can be prdvided sétisfaﬁtori]y‘through coaxial
éab]es. Compared to optical fibers, spliping in thé fieid is carried dut
readily and highly_ski]ied 11nesmen'~qr§ not requfred for such -
operations. The coaxial cable is also not suSceptib]g to catastrophic
mechanical failure when subjected to mechanical aste.éuch_as overbending,
- kinking and stretching. An optical fiber will break.if subjected to such

abuse but the coaxial cable will often function, although marginally,



TABLE 2

TEMPERATURE COEFFICIENTS

_LINEAR EXPANSION
- 107%0c
FUSED QUARTZ 0.004
~ "WYCOR" GLASS 0.008
SODA GLASS 0.12 ‘
é
POLYETHELENE 1.5 to 3.0 |
ALUMINUM 0.24
COPPER 0.17




| TABLE 3 |
COMPARISON OF OPTICAL FIBER WAVEGUIDES' AND COAXIAL CABLES

ADVANTAGES OF OPTICAL FIBER WAVEGUIDES

1. Small cross-sectional area; large number of communication channels
per- unit conduit cross-sectional area

Constant frequency response
. Negligible temperature coefficient

. Absence of RF leakage & RF pickup-

ol s W N

Comb]ete absence of crosstalk between suitably sheathed fibers
. Absence of ground loop problems

. Low attenuation factor

R N O

Possible cost reduction because copper is not required

ADVANTAGES OF COAXIAL CABLES
1. Technology is well developed

2. Splicing in the field is carried out readily; no complex training
of service personnel is required

3. Mechanical abuse does not generally lead to catastrophic failure
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.after mechanical abuset Thus, in compariéon to coaxial cables, the

N optical fiber requires great care in handling.

.with further development of optical communications techno]ogy,-
the advéntages to be gained from the application of optical fiber
waveguides may soon outweigh the disadvantages._The development to

date-in optical communications has produced the basic components

required to construct optical communication systems. System engineering .

of an optical-cable television system can be considered seriously.

III AN OPTICAL CABLE TELEVISION SYSTEM

A. The Basic System

Figure 4 shows basic block diagrams of optical communication
systems.  The simplest system, shown in Fig. 4-(a), uses a direct

modulation technique where the 1light source itself is modU]ated ‘

by varying the RF excitation current of the 1ight sodrce; The.A~~ura L N

source may be a 1ight emitting diode (LED) or a semiconductor

continuous wave double heterostructure laser (CW DH ]aser)(7).-The"

RF signal may be in analogue or digital form. Pulsed FM and -

various pulse code schemes may be employed. The sysfem shown
in Fig. 4-(a) has the advantage of a éimp]e modu]atibh_stheme
but coupling problems between_thé~1i§ht source and the fiber
may be present.

‘ The system éhown in Fig. 4—(b)iuses>an independent Taser
source and an external madulator ‘which is driven by RF
s}gna]sﬂThe 1ésef'system may Be é neodymium » yttrium aluminum

garnet (Nd3+: YAG) 1aser(8) or a He:Ne gas laser.
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Since euch lasers have well collimated beams, coupling into =~
the fiber is accompTished much more readilyzthan;in the case
of tﬁe~semiconductor light sources. 'This ease tn couettﬁg
Will permit the'uSeoflfibers with very small cores of order

of T um diémeter which can provide transmission bandwidths

of . the order of G bits/sec fbr thekfiber External modulators
capab]e of dealing with such high bit rates have been tested

(40)

. Detectors with responses suited for G bits/eec

rates are available today+;

in the 1ab0ratory

B. The Optical Cable Television System

In an optical-cable television system,the chéracteristiCs
of each component must be matched. Initially, the ITimitations
in the modulation bandwidth of the 1ight sources will force the use of
spatial multiplexing where an optical fiber cable containing
many independent fibers is ueed. The bidirectioha]léystem will
be simplified by dedication of some fibers to exclusive trans-
mission of signals back towards the headend. A multiple~fiber |
cable coﬁtaining 20 or more fibers will be smaller than a
conventional trunk-line coaxial cable and the installation cost
shiould be comparable. Future expansion of services can be
accommodated at minimum cost by-installing an optical fiber
cable containing extra fibers;zor through an improvement 1in

the modulation bandwidth of the 1ight sources. The transmission’

T RCA Ltd., St Anne de Bellevue, .Quebec
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 .capacity of a fiber can be utilized to the fullest by wavelength

multiplexing through the use of 1ight sources that emit at

different wavelengths.

The modulation of the Tight caﬁ be in the form of amplitude (inténsfty)f
mOdp]ationv, pulsed FM; or pulse-code modu]ation(PCMj. Amp1itude : |
modulation requires only simple circuitry compared to pu1ée~code
systems, but a good signa]—to—noisg ratio 1is difficu]t to main-

:tain over 1dng distances. Probably the pu1se~code system is
most sﬂited for long trunk 1ine§ while the ana]bgue system 1;
suited for short 1ihes such as dfop]ines‘to the subscriber.

The pulsed FM sysiem'appéars to be a good compromise of"fhe

two methods of transmission. Systehs engineefing work is required
to determiné the optimum design foh a given requirement.

An example of a distribution point in an optical cable

television system is shown in Fig. 5. Independent fibers are
useg to provide bidirectional service. The optical signal
from the headend is detected by a photodiode and converted to ' ~
an RF signal which is amplified by the repeater and fed‘into

a-DH Taser for further fransmissioh. The RF signal 1is a]so

fed into a driver which distributeé the signal to subscribers
tﬁrough.DH lasers. The optical fiber waﬁeguide to a subscriber

is used bidirectionally,by using two different optical wavelengths

Aoyt @nd Ay . The dichroic beam splitters perform. the same
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function as the diplex fi]ter‘in conventiona] coaxial bi=
directional systems. The multiplexer combines the return
signal from the subscribers for transmission back to the
‘headend. The basic components to construct_suqh an optical

cable systém_are available today.

IVLERESENT STATE OF OPTICAL COMMUNICATIONS TECHNOLOGY

A. The Optical Fiber Wavequide

The cladded type optical fiber waveguide described
in Fig. 2 has been investigated by many groups and several

types are available commerciaﬂy.+

An attenuation factor as
low as 20 dB/km is achieved readi]y_and Table 4 1ists the
physical characteristics of one such fiber. Values Tless than -
5 dB/km have been reported for experimental fibers of similar

(9)

design The attenuation is determined'by absorption due
to impurities in the materials as wei] as scattering due to
therma] and concentration fluctuations. The'concentration
fluctuations iné]ude inhomogeneities introduced during the
manufacturing procéss. Figure 6 shows a typical atteUuatioﬁ

curve for a quartz fiber. The scattering loss decreases with

an inérease in wavelength at a rate of 1/A4, where A is the

»

L

! Corning Glassworks, Corning, N.Y. U.S;A.; Galileo Electro- OpthS
Corp., Sturbridge, Massachusetts, U S.A. Pllklngton Brothers Ltd.
Lathorn, Ormskirk, Lancashire, England.
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TABLE 4

SPECIFICATIONS OF A

CLADDED OPTICAL FIBER WAVEGUIDE

OUTSIDE DIAMETER (COATED) 135 im

CORE DIAMETER ~ ~ 85 yum
NUMERICAL APERTURE (NA)" 0.4

CORE INDEX OF REFRACTION .15

MAXIMUM LENGTH 1 km (3280 Ft)

MAXIMUM ATTENUATION @ 820 nm WAVELENGTH 20 dB/km

2.k
t NA =nsine = (n? - n§ 2
ny = index of refraction of the core
n, = index of refraction of the cladding
n = index of refraction of air
6 = lnaximumfallgwed angle of incidence on the

fiber face for a light ray to be propagated.
. through the fiber i
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waveléngth, in accordance with Rayleigh SCafferihg theory.
The 1érge absorptipn'peak in the .vicinity of X = 0.95 um is
caused by the OH-bond vibratibnal absorption of the water
molecule which is contained as an impurity. Light emitting

3+

diodes, éemiconductor DH Tasers and Nd“ :YAG lasers have

wavelengths in the region of low attenuation.

The: maximum transmission bit rate (bandwidth) of a
fiber is determined by material dispersion (variation of the index of ~
refraction of the material with wavelength) whﬁch.cauéeé fhé:
different wavelengths to propagate at different ve]ocitfes(JO).
This.material dispersion when combined with the spectral width
of an LED causes a pulse spreading of approximately 1 to 5 nsec
over a length of 1 km. A DH laser which has a much_harrower
spectral width will cause a pulse spreading of approximéte]j
1/10 that of an LED(10). The Nd3+:YAG laser has still a
narrower spectral width and a further 1/10 reduction in pulse
spreading can be expected(]o).

The maximum transmission bit rate.is also limited b&
the choice of core diameter and indices of refraction of the
core and cladding. Differences in the path length taken by
a straight-through Tight ray and a ray propagating by multiple

reflections produces differences in arrival times and broadens
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a pulse. This broadening can be kept sma]] by mak1ng

the d1fference in the indices of refract1on of the core and Cladd1ng'

,very‘sma]], A s1mj1ar result can be obtalned by reducing
thé'co%e diameter to 1 um or so. Then the fiber'transmits

only those rays that travel nearly parallel to the axis

because of the e]ectromaghetic properties of such afconfiguration.
Such fibers with Sma]] core diameters br very small differences
betWéén“ “the core and cladding indices are known as single-
mode fibers and other fibers.with larger core diameters or

large differences in indices are known as multimode fibers. The
examp]é shown 1in Tab1e34 is a multimode fiber aﬁd the pulse
dispersion due_to the difference in the propagation lengths

of the rays is 5 to 10 nanoseconds for a kilometer ]ength(]]).

This dispersioh afising from thé.structure of the

fiber can also be reduced by"replacing the step index profile
of a ciadded fiber with an approximately parabo]ic index
variation which decreases outwards from the centre of the
fiber (graded index fiber) and reaches the constant index

va]ue of the cladding. An optical ray is propagated by

contlnuous 1nward refracL1on in such a structure. The"
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diSpérsion becomes lower because the ve]ocipy of light is

higher in the Tow index region and cdmpenédtioﬁ in terms of

time is provided for the ray that travels a longer path. The

ﬁﬁiée dispersion can be Towered to less than 1 néecl for

a 1 km 1éngfhf1n such a fiber(11). o
Theré aré 6ther fiber designs that have been successfully -

' manﬁfactured fn the 1éboratory in lengths exceeding 100 meters.

Attenuation of 3 dB/km at a wavelength of.1.15 um Has beenﬁ |

achieved for one configuratidn(]z) and an -attenuation of‘10 dB/km -

together with .a pulse dispersion of less than 0.73 néec/km USing

a DH laser as a source; has . been achieved in another(]s). A G bits/sec

information rate is possible in the Tatter case and if a

Nd3+:YAG laser is used as the source, a 10 G bits/sec rate.éhou]d be

possible over a1 km distance. A 10 G Bits/sec rate corrésponds

approximately to 100 PCM colour television channels. -

B. The Light Source, Modulation, Bandwidth and‘Coup]ing’to Fibers
The most readily available 1igh£ source ié the light

emitting diode (LED). A number of LEDs providing more than 1 mi

output at approximately 900 nm wavelength with light fisetimes-

less than 5 nsec are commercially avai]ab]eT.

; A
General Electric SSL--4; Monsanto ME-U4

e i i
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Modulation of such LEDs with bit rates higher than 30 M bits/sec
is readily achieved. Rates in excess of 106- M bits/sec
have been reported for experimental LEDs(14).

* The CW doub]e heterostructure (DH) laser will most
]1ke]y become commercially available early in 1075(]5) The
short 11fet1me problem that plagued earlier deve]opmenta] types
has ‘been solved and lifetimes well in excess of ]04 hours
are expected(]ﬁ). Lifetimes of ]0 noursareprOJected Life-

(17)

times of LEDs are well in excess of 10 hours .S1m1]ar.
results.can be expected for the h1gh rad1anﬂe LEDT- Using
a DH Tlaser with a graded index f1ber (SELFOC() a system trans-
mitting 500 M bits/secwas successfully operated over a d1stance
of 500 meters(18). The coupling to the fiber was accomplished
by a graded index fiber section specially designed to match
the DH 1aser'output to the fiber. .7

The Of Na>T:YAG Taser excited by LEDs is perhaps the
most promising Tight source for long distance optical transmission
systems with G bits/sec rates because the output beam of the
Nd3P :YAG Taser is well collimated and suited for coup]1ng into
. single mode fibers. Such lasers have been operated successfully

in the-]aboratory(]g) and miniature versions using a single LED

as a pump source have also shown the possibility of CW operation

'l.'The high radiance LED has a small emitting arbea for a given light output,

<
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In addition to the collimated output, the Nd3+:YAG laser has
the advantage of a narrow spectral width whiéh.is required
for a G‘bits/séc information rate, and an output wavelength
of 1.06 um which corresponds to the low loss regibn of the |
optical fiber. .

'The coupling of optical energy into the f{ber is a
probiem when LEDs are used as the Tight sburce because thé'
j a{%ection of 1ighﬁ emiﬁsion is nof WéT] Eo]]imated‘. Effitieht‘ ;
coupi%ng to a éfng]e fiber, even if it is a hu]timode fiber is
extremely difficult. The most suitable apprdach'for such sources
is the use of closely packed fiber bundles that have cross-sectional
areas approximately equal to that of the Tight emitting aréa of -
the LED. Such a bundle with 19 fibers fn a hexagonal péckiné

.i.

is available commercially' . The coupling even in this

arrangement is inefficient and a loss of 20 dB or so can be -
expected(z]).

| High radiance LEDs with small emission areas having

Tt

a diameter of 50 pm is available commercially = and the coupling

into a fiber with a 50 ﬁm core size and numerical aperture of
0.44 (6 = 26°)lcan reduce the coupling loss to Tess than 8 dB(22).

t Corning Glassworks, Corning, N.Y., U.S.A. °
o ' Hes, |
IT-Plessey, Optoelectronics Microwave Unit, Northamptonshire,
England
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In order to co]]ect.most of the LED energy, the core
diameter and tﬁéimaximum.a]lowed incident anglewanﬁqst be as large
as possible but these:ccnditions designate a multimode fiber with‘é
Tow information'béﬁdwidth-which will bé typically much'émai]er than

(23). However, 1light

100 M bits/sec for a kn length fiber
soﬂﬁtes with well co]iimated output beams will permit the
uséwof,high bandwidth single mode or gréd;d index fibers.

. In comparison to LEDs, the Nd3+:YAG:and gas lasers
such as the He:Ne laser have a collimated output‘beam that
is well suited for applications with single médeAfibers.
Theoretica] calculations show that coub]ing losses less than

(24). External

0.5 dB'éan be achieved for single mode fibers
modu]atqrs must be used with these ]asers. Digital modulation
rates in excess of G bits/sec have been'accomp1ished,exper—
Tmenta]]y(25).

The'bandwidth:capabi1ities have been discussed
maﬁﬁ]y in terms of bit rates in this paﬁer. ‘This is pért]y
because of the interest held by most_researéh laboratories in
digital systems and. partly because of the difficulty in
achievihg broadband 1inear analogue modulation of the Tight
sources. Systems carrying single TV channels through an
fntensity modulated signal can be‘constructed readily. today. . .

Figure 7 shows an examp]e of a system transmitting a single
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television channel. However, more research and development
is required before many more channels can be satisfactorily
carried by a-light beam through analogue modu]ation.

C. The Detectors

There is a large selection of PIN photodiodesT and

aQé]anche photodiodes suited for demodulation of the optical
signal. Response tlmes 1ess than 5 nsec are not uncommonfr
The avalanche photodiode appears to be»best suited for Tong
distance Tinks beéause_of its higher sensitivity arising from
the avalanche gain . However, their sehsitivity tb ambient;‘
temperature and requirement of voltages higher fhan 100 V‘may

be a hinderance in some app]jcations. The PIN photodiode
requires only a Tow voltage (10 ~ 20 V) and is simple to use.

No serious problems are expected in the area of detectors.

D. The Integrated Optics Technology

Ana1oqous to the integrated circuits in electronics,

‘integratedvoptica1 circuits(ZG)

can be fabricated for optical
signals. Figure 8\shoWs a schematic of a distributed-feedback‘
semiqonductof laser constructed by integratéd optic fechniques.
The laser was operatéd successfully at a temperature below 80°K.
The oscillation ane]ength;wés 845.9 nm fof one device and

842.0 nm for a second device. By changing the periodicity of

T The PIN diode structure has an intrinsic (I) semiconductor
. layer between the p (P) and n (N) regions to improve response
time and sensitivity over that of conventional pn photodiodes.

u Hewlett-Packard, No. 5082-4203; RCA, C30817
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the. rippled. structure, the oscillation wave]ength can be vafied

(27). Such a

over a range of approximate]y 10 nanometers
variation will be useful for wavelength multip]éking. The
spectral width of the output appears to be nafrower than»the
\ normal semiconductor laser. Room temperature operationvof“A>
such lasers should be accomplished in the near fﬁﬁuré.; -

Theoretical catculations havé shown-that the distributed

feedback structure can be used to construct narrowband optical
(28)

filters Such filters will also be useful for wavelength
multiplexed systems.. Many other obtica] circuits have been

fabricated. >Among them is a waveguide modulator capable of

(29)

operating in the G bits/sec region

V COST

In 1972 a graded index fiber (SELFOéQ) with a loss figure
Tess fhan 20 dB/km was évai]ab1e at $23.00/m ($7.00/foot). Recent]y,i
a cladded fiber with a similar loss figure‘has become available
at $3.00/m (91¢/ft) in.1 to 50 km quantﬁties_and at $1.50/m
(46¢/ft) in quantitiés over 100 km'. These costs are for single
fibers that have a suitable sheathing fér protection: Furfher |
- costs will be incurred when these fibers are fabricated into
cables suitable for practical app]icationﬂ. High Toss (2000 .dB/km)
fiber bundles cohtaining more than 100‘fibers per‘bund1e
have been on.the market fbr some time at a cost

of less than $1.00/m (30¢/foot)". " In the

Corning Glassworks, Corning, N.Y., U.S.A.
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~Tong tefm, the 1bw loss fiber can be expected to}reach bé]éw_this
cost figure. This means that'the cost-of an .optical ffber cable
will betome.comparable or lower than a coaX1a1 cable that has an
' equfva]ent communication capacity. The timing of such a occurrence
"will be influenced by the cost of'mater1a1s such as plastics, copper,
a]uminum and high purity materials used to produce the opfica1 
fibers. The optical fiber cable wi11 certafn]y require less.
plastic than a coaxial cable because of the smaller physical
dimension of the fiber. In the future, theﬁcostIOf metals will
certainly bé)higher than-high purity matérfaTs for the glass |
“and quartz fisers because suéh mateYia]s.are‘more abundant énd

the unitvcost of purification will decrease with an increase

in production. Systems designeks caﬁ be expected to face the
problem of trade-off between optical fibers and coaxial cables

as early as 1976, if the pfesent rate of deQe]opment in optical
communicatiohs.techno1ogy is maintained. -

If we take intd account the simplifications introduced |
by the absence of tilt control and temberature compensation
ciftuiﬁs required of a coaxial cable, as well as the larger
- spacings between trunk amplifiers and assuﬁe that these simp]iff—
cations will offsét the added complication Qf up and down conversions
to obtica] frequencies,:the optical tfuhk ]ine should cost no more
than the conventional coaxial system. The advantage of the optical
system will be in the potential to provide more services of higher
qua]ﬁty for the same cost.® A systems engineering study will be
' required to substantiate whether the assumptions made here are

correct.




. 25

VI RESEARCH AND DEVELOPMENTAREQUIREMENTS

o At present, components are available commeréia]]y to
cdnstruct systems capable of dealing with 30 M bits/sec over
va 1 km length. Tﬁe main 1%ﬁ1t5tion lies 1h'thé.bandWidth cab-l |
ability of the optical fiber~and)the Spectra] width of the LED..
The almost certain availability of the CW DH laser in early 1975
~combined with graded index fibers or single mode fibers with
pulse dispersions less than 1 nsec/km W111 raise the bft rate |
well above G bits/éec. However, further research and deve]opmeﬁt

is required to bring the optical cable te]évision system 'to

practicaT utilization. =~
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" Table -5'lists the areas that are receiving attention
at a number of laboratories although no laboratory has yet
indicated an extensive interest in the field of cable television.

A systems engineering analysis is required to detérmine the

optimum configuration. Most Tikely PCM will be used for long

trunk Tines while short distribution lines may re]y on

analogue or pulsed FM transmission. Bdth spatial and wave]engfﬁ
multiplexing cbu]d be combined to optimize bidirectional"
service. Distribution systems can_a]soibe redesigned to take
advantage of the long spacings between repeéter amplifiers .

The useful analogue moduTation bandWidth,can>be imbroved
through optical feedback circuits which should improve the
1ineaﬁity(30). The pérformance 6f ekternqlfﬁ6&ﬁW§%6rs must. be |
evaluated to determine whethér they have the Tfhearityvdemanded of
a broadband system. Some commercial unifs claim to have fréquency
responses in excess of 50 MHz at pres-ént+ ) MOTE.WOFK is required in
this area of analogue modulation. _ .

The single mode fiber combined with a Nd3+:YAG or gas -
laser will most 1ikely be used for ]dﬁg trunk lines. Trans-
m{ssion d{stances in terms of intercity connectjons can be

considered if PCM is employed. The DH Taser combined with a

graded index fiber is also a possible candidate for such'app]ications.

]

T Isomet, TFM 513
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TABLE 5

RESEARCH AREAS IN THE DEVELOPMENT OF
OPTICAL CABLE TELEVISION SYSTEMS

1. SYSTEMS ENGINEERING
' Analogue, Pulsed FM and Pulsed Code Modulation (PCM)
Spatial and Wavelength Multiplexing
. Two-way Service
Network Design

2. ANALOGUE MODULATION
' Optical Feedback
MQdulation Devices

3. OPTICAL FIBER

| Multimode and Single Mode
Cladded and Graded Index Fibers
Cabling

4. "LIGHT SOURCE
LED and DH Laser
- Nd3*:YAG Pumped with LED
Gas Lasers 4

5. SPLICING OF FIBERS
6. COUPLERS, SPLITTERS

]

7. INTEGRATED OPTICS



28 -

For short distance transmission, multimode fibers combined |
wfth LED sources can be used. To be of practiéa] use,;the |
fibers must be arrahged into a suitable cable tdnfigufatiQn
which may contain reihforcing'stee] wire and copper pair
power, Tines.

Further work is required to perfect the.CN-DH laser

and to assure the life time of high radiance LEDs. The LED

pumped Nd3+:YAG laser may become a praética] device through

the development of LEDs specially designed for exciting the

3

Nd +:YAG Taser crystal. Gas. Tasers, although generally neglected

as a light source for practical applications, may prové to be

(1),

useful in special forms, such as the capillary waveguide laser

Splicing of fibers with losses less than 0.5 dB have .

(32).

been accomplished under Taboratory conditions However,

practical methods for use in the field must be.deve]dpéd..
(33)

Devices using waveguide principles and epoxies may prove

to be useful. It will appear that highly ski]]ed personnel
will be required for the operation.
Spme couplers similar to BNC connectors have been

,(34)

developed in the 1abordtory . T*joinfsAand splitters have

also been constructed in the Taboratory and operatedASatisfactori]y(35).
The optical communications technology will undoubtedly

follow the pattern of semiconductor technology and move from the
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discrete component-system to integrated circuitry. This field
of'integrated obtics is being explored eXtensive]y by many
groups. The number of practical devices will undoubtedly grow

. rapidly in the future..

VII QONCLUSIONS
Y There are no obvious technica]lreasons to prevent the
development of‘an obtica]«cab1e television syétem. It will
probably take 5 to 15 years to devé]op~a‘practica1 systém.

The end result of the development most Tikely will be the

36),(37) total communication

realization of the wired~city(
system. Table 6+]ists the possible services that might be

‘offered by a fully bidirectional optical-cable te1évision:system.
Narrowband and broadband switched serviéés1are:a1§6%?ﬁé1uded

because there undoubtediy will be a high épeédiaptoelectronic
switching‘system available 1n‘thé future. Thus, aside from

the one-way broadcasting activity, a full range of interactive
_services.w{11 become possible. Interactive éducationai TV may

bring education to many;peop]e wﬁo‘éannot be reached uhder'today's
educatiqna] system.:.The wide scale use of transaction. exchanges wi]i

. T

‘result in the realization of the "cashless gdgiety“. A number of social

1+ Source: EIA Response to FCC Docket 18397,Part V,Electronic
Industries Association,U.S.A., Oct. 29,1969
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TABLE 6

WIRED CITY SERVICES .

BROADCAST REAL.TUAE_POINT-TO POINT STORE_AND FORWARD
COMMERCIAL TV TELEPHONE LIBRARY ACCESS
INSTRUCTIONAL T¥ VIDEOPHONE NEWSPRINT AND MAGAZINES
COMMERCIAL RADIC TELEGRAPH/ TELETYPE COMPUTER SERVICES

" INSTRUCTIONAL RADIO INTERACTIVE INSTRUCTION
TIME-SHARED COMPUTATION
AIDED DESIGN

TRANSACTION EXCHANGE
REMOTE VENDING
AIRLINE AND THEATRE TICKETS
POINT OF SALE VENDING
BANKING AND CREDIT
SECURITIES

POLLING
METER READING -
VOTING
TV SHOPPING

MAIL
ALPHANUMERIC
GRAPHIC

SOURCE « EIA RESFONSE TO FCC DOCKET 18397, PART V, ELECTRONIC INDUSTRIES ASSOCIATION, OCTOBER 29, 1969,

i
i
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problems will arisé from imp]ementation of thesé services and-
~ studies of their impact during inception mﬁst be made so that
undesirable effects m%ght be.prevented. “

_ Whether the Canadian cable te]evjsion industry will
play a significant role in.the development of the optical
cable television system and eventually, the wired city‘system,
depends very much on the decisions and actions taken in the
coming years. By'acfively participating in the technical
deye]opment, tHe industry may secure a firm position in the
wired city scheme while fostering the growth of a Canadian
1ndu§try that may dominate the world market. Otherwise, the
cable television industry will be confined to the role of
distributing broadcast signals. Challenging but 1nteresting_

problems await the future of cable television.
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“THE PHOTOPHONE--1880
Alexander Graham Bell

: MIRROR - ‘ :
sun ‘
LENS
mmouc MIRROR
( LENS -
SOLAR CELL
BATTERY

MEMBRANE MIRROR

HEADPNONES

I have heard a ray of sun laugh and rotng ‘
and sing!

We may talk by light to any visible diftance
withont any conducting wire

‘Alexander Groham Bell and the Canquest of Solitude’
Robert V. Bruce
Little, Brown & Company p337

Fig. 1

The Photophone

The sunlight is projected onto a membrane mirror
which vibrates according to the acoustic waves
that are received. The vibrations intensity
modulate the sunbeam which is transmitted over

a distance through the atmosphere. The receiver
focusses the modulated Tight onto a selenium cell
which converts the 1nten31ty modulated 1ight onto _
a modulated electric current which is passed through
a set of headphones. The headphones convert the
electric current modulation back to acoustic waves.
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The Optical Fiber Waveguide

The material is glass or fused quartz. Plastics
may also be used in Timited cases. Propagation
of light.through the fiber is by total internal
reflection. ' '
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The Attenuation Factor

The attenuation of a coaxial cable increases with
frequency. In comparison, the optical fiber wavegu1de

" has essentially a constant frequency response over a

comparable bandwidth. The attenuation values for .
the fiber are for the infrared wavelength of 0.9 um.




‘OPTICAL COMMUNICATION SYSTEMS

A3
v
it

. "
OPTICAL FIBER ' OPTICAL FIBER
LED OR DH L\ 4 : LED OR DH \\
~ = .DETECT =
LASER PHOTO-DETECTOR LASER
ANALOGUE OR
DIGITAL SIGNAL ‘ MPLIFI :
~——> DRIVER AMPLIFIER OR DRIVER
: [ REGENERATOR|.

DISTRIBUTION .

(a)
[]
OPTICAL FIBER
LASER » MODULATOR ["=—>
OPTICAL FIBER
LASER > MODULATOR |-—— ~»{ PHOTO.DETECTOR
ANALOGUE OR . ,
DIGITAL SIGNAL [T = AMPLIFIER OR | . ORIVER
REGENERATOR
DISTRIBUTION LED: LIGHT EMITTING DIODE
DH LASER: DOUBLE HETEROSTRUCTURE LASER
(b}
Fig. 4

Optical Communication Systems:
(a) = Direct modulation of the Tight source is
employed.

(b) . An external modulator is employed.
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' DistriBUtion Point

The solid lines represent optical signals and the
dashed Tines represent radio signhals.

The trunk Tine 1is bidirectional through spatial
multiplexing. ! ~

The subscriber lines are bidirectional through
wavelength multiplexing. .
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Optical Fiber Wavequide Attenuation

The attenuation decreases with increasing wavelength

except for the large peak in the neighbourhood of

©0.95 um which is caused by water. The Nd3T:YAG

Taser and the GaAs semiconductor DH laser emitsat wave-
lengths where the attenuation is Tow. The LEDs also
emit wavelengths that correspond to regions of Tow
attenuation between 0.8 um to 0.9 pm.
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" Optical Fiber Waveguide Television Link

A television.broadcast signal is received by the TV set on the -lefthand
side 0of the fidure and the baseband video signal is transmitted through
an optical fiber bundle to the'monitor TV set on the righthand side.
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"Distributed Feedback Laser

The corrugated structure establishes a feedback
condition which -corresponds to a high Q.
resonator. ' o
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