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2228362 -1- DATA TRANSMSSI ON SYSTEM BACKGROUND OF THE INVENTIS?
OF . THE | NVENTI ON: The present invention relates to the field 253
communi cation 5. systens, 2. ART BACKGROUND: Since the original |nvent|on
of the l.aser, optical comunication by 10 - laser beam has been one of the
princi pal applications envisioned for this device. Lasers provide |ight
beans having extreme directionality conpared to beans produced by ot her

| i ght sources or microwave antennas. In additton, the amount of information
whi ch nmay be transmitted over an eb£f§ O R §§fdﬁ aMeyvi S proportional to
t he bandwi dth of the wave. Since s6+% S—operate—t5 wth very large
nodul ati on bandmﬁdths it is theoretlcall ossible to transmt -t housands
of color television broadcasts oveﬂ.&ﬂ&ﬁﬂéﬂ&ﬂﬁﬁdﬂﬁﬂmmgh bandwi dt h
and directionality are two inherent advantages of |aser conmunications
systegpa a nunber of disadvantages apply to | aser comunications. The
useful'ness of a 'aser1CO”WH?LQQ?L&PEJE&EN&%%&§ 20 generally linmted by
factors such ‘as the necessity of electro-optic detectors, and the ease with
whi ch information can be i npos&teprasent inventioareiatesdd the Midebomlcal communication
at nospheri c condltlons nﬁ% siignificantly attenuate the optical radiation of
the l.aser, and | as® r Sdoes not reflect well or penetrate t hrough
obj ect s. 25 " “An alternative to at nospheri c propagation is the
use of optical fibers conprised of glass or plastic to confine and direct
the | aser beam The use of optical fibers permts efficient communication
mﬁthln dense populatlgn . . _ -

. ABLBACKGROUND:

i " - ‘Since the original invention of the laser, optical communication by

FIELD

10 laser beam has been one of the principal applncataons envisioned for this
' device. Lasers prowde light beams having extreme directionality compared to
beams prodpced by other fight sources or microwave antennas. In addition,
the amount of information which may be transmitted over an electromagnetic
" wave is 'préportionéi to the bandwidih of the wave. Sin.oe'some lasers operate
15 with very large modulation bandwidths, it is theoretically possible to transmit
o ihousands of color television broadcasts over a single laser beam. Although
B bandwidth and directionality are two inherent advantages of laser
communications systems, a number of disadvantages apply 1o laser
B ‘communications. The usefulness of a laser communications system is
A 20 generally limited by factpfs such as the necessity of electro-optic detectors,
~ and the ease with which information can be imposed upon the beam itseff.
Moreover, atmospheric conditions may significantly attenuate the optical .
radiation of the laser, and laser light does not reflect well or penétrate through
objects. |
25 - _ . An alternative to atmosphenc propagation is the use of optical
fibers comprised of glass.or plastsc to confine and direct the laser beam. The
use of optical ﬁb_ars permits efficient communication within dense population



-2 areas and elininates the conpl ex maze of wires and coaxial cables which
have been required for el ectronic communication. For |ong distance

conmmruni cation, a repeater for each channel within a fiber optic bundle Is i
required to correct distortion of the optical .signal 5 caused by
differential propagation delays, attenuation and noi se. However, the use of
repeaters interspersed along fiber optic cable segnments in a connunication
systemrequires that the repeaters be provided with power for their
circuits, significantly increases the-ppst.of install ati on and decreases
systen1re|iabillty At t enuati on, ~power | oss, In an optical fiber is

caused by a 1 C | e been
attenpted to rgé ﬁ@r@{teéﬁh&aéﬁﬁﬁ& %ggf’ﬁere Efﬁmegglgéﬂ?c\ﬁ repeaters,
in a fiber ophage beeﬁrwumawmmmrﬁﬁeﬁicaﬁanexhage "Infrared Optical
Fibers", Scientific American, Nov. 1988, g. 110 and, O Shea. "An :

I ntroduction to Laser S F&ndpnemrstanceapomwn . A Mﬁéforsﬁch\mm V\ésT‘E‘y

Decenber 1978. wi |l be .de ent nvent i on
overcones the @@6&?&"&&8?“9‘!’@6&%‘5&"6& %’?ﬁﬁ# '{°¢*FSQB{'?3§198 abl es,
and di scl oges | norRed peaters
by effecti veI ﬁgadﬁ%d?ﬁgngﬁﬁgﬁﬁr?fﬁﬁ ﬁ]ﬁﬁ‘lh g‘g e I's ﬁdgfﬁ‘r’%g to
achi eve | asi ngheausmgf repeatetsngarspeaedgplmnsﬁm optvc/eableztsqgméntsml ng

nmechani snms, as di sc|l osed he MVARY OF THE, | I\l\/I%'I\I'I'I ON Accor di ng
to the invent COmMuURication §ys3e13\;e%@s that the repeaters be provided with power for

their circuits, significantly increases the cost of installation and decreases
- system rehabrhty Attenuatron. or ‘power Ioss. inan optrcel fiberis causedbya .

10 vanety of processes. end various techniques. heve been attempted to reduce
.'the attenuatron and therefore the need for repeaters, in afi fber optic
communication sysrem (See: Dtexhaa.e.. 'Im'rared Optml Fibers®, Scientific
Amenden. Nov. 1988 pg. 110; and Q_S_hg_a. "An Introductlen to Lasers and

| Their Applications”, Chepter 8, Addrsen-Wesley. Deeember 1978.)

15 : ~ As will be descnbed the present invention evereemes the
drsadvantages essocrated with. pner art ﬁber optic cables. and discloses a fiber
optic cable wh:eh elimmates the need for repeaters by effectrve!y lasing the
entire deble Iength The eeble is pumped" to echreve |as|ng along its length
using one of a variety of _pumprng mecha_m_sm_s, as _dzsclo_sed herein.
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data transm ssion systemfor transmtting an optical signal, conprising:
| aser |ight generation neans for generating |aser |ight having a
priedet er mined wavel ength, and conprising said optical signal; an optical
fiber having a first and second end, said first end coupled to said |aser
| i ght generation means, said optical fiber conprising; an optically
transparent core having a first index of refraction, said core being doped
with a lasing material; an optically transpa3ent claddi ng surroundi ng said
core having a second |ndex of refraction which is l'ower than said first
I ndex of refraction; . patially di sposed parallel to said
cl addi ng and ext SHMMARY: OF THE INVENTIOM.\J to said second end, said punping
means for providing |ight through sald cl adding and into said core such
t hat said IaS|ng naterlal | ases _a ne avel engt h. as said | aser
genefated by said | aser %dé’ﬁ'e ?na&ﬁ?e“& ) gn Fherecds gRF-'ﬁ"’ifiS
said” optical sdgtal tnansmms-iby (nystemglfett tirahswitt bhg@naarsaioptdeailcal
fibre; receiving ai d second end of said fiber for
recei ving said opgﬁ?&ﬁ |gn§ﬁqsaﬁg§eby sai d optical signal is provided gain
by the Ia5|ng of. said |a§mﬁgrnat . generation means for generating

‘laser light having a predetermined wavelength, and
comprising said optical signal;
_ an optical fiber haVing a first and second end
said first end coupled to said laser light generation
means, said optical'fiber comprising;

 an optically transparent core having a first
‘index of refraction, said core being doped with a lasing
material, '

an optically transparent cladding surrounding
said core having a second index of refraction which is
lower than said first index of refraction,
pumping means spatially disposed parallel to
said cladding and extending from said first end to said
second end, said pumping means for providing 1light
through said cladding and into said core such that said
lasing material lases at the same wavelength as said
laser 1light geherated by said laser light generation
_ means and provides gain for said optical signal
' continuously over a great distance along said optical
fibre; _ |
receiving means coupled to said second end of
said fiber for receiving said 6ptica1 signal;
whereby said optical signal is provided gain by
the lasing'of said lasing material. |



-4- BRIEF DESCRIPTICN OF THE DRAWNGS FIGURE 1 is a dlagrannatlcal Cross
section of a typical prior art fiber optic cable. 5 FIGURE 2 illustrates a
prior- art three channel fiber optic conmmunications system enpl oying .

sem conductor lasers. FIGURE 3 illustrates an enbodi nent in 10 which an
external light source is used to punp a doped fiber cable to achi eve
lasing. FIGURE 4 is a cross section of a fiber ‘optic cable in which a |ight
“emtting material is 15 used to punp a doped fiber. FIGURE 5 |s a. cross
section of a fiber optic cable fur thér= illustrating the use of a reflective
coating to increase punping efficiency. 20 FIGURE 6 |s cross section of a
fiber optic cable in whichRalidogdaiys 4 2 g Ct rol um nescent
| i ght source. -5- FIGURE 7 is a schenatlc |IIustrat|on of a fiber optic
communi cations systemutilizing

FIGURE 1 |s a dlagrammatlcal cross sectson oi a lypneal prior ant
fiber optlc cable ' '

7

- FIGURE 2 illustrates a prior art three channel fiber optic
‘communications system employing semi-conductor lasers.

FIGURE 3 |I|ustrates an embodment in

10 whichan external lught source is used to pump. a doped fber cable to ach|eve o
lasing. ' ' '

" FIGURE 4 isa cross sectnon of a fiber optnc eable

. o in whuch a Iight emsmng material is
15 usedto pumpa doped fiber.

FiGURE s is a cross section of a fiber optnc cable

further illustratmg the useofa
feﬂectwe eoatmg to increase pumpmg efficaency
20

FIGURE 6 is cross section of & ﬁber_ optic cable u
- in which a doped fiber is pumped by
an etecirolumﬁnescent fight source. '



. - -« .v L ]
o tae . .

t he teachings of the present invention. FIGURE 8 is a graph illustrating
the linear voltage 5 drop along the length of the electro-|um nescent

| ayer 78 which.is transferred to the reflective layer 82 by shorting the
two | ayers together at one end of each segnment. FIGURE 9 is a

schematic of a fiber optic 10 communi cation systemin which the

optical fiber is broken into segnents. 15 20 25 30 DETAI LED DESCRI PTI ON
OF THE | NVENTI ON An i nproved optical fiber is disclosed which has '
particul ar application for use in |ong distante optical communications
systens. In the 5 follow ng description for purposes of explanation,
nunerous details are set forth such as specific wavel engths, angles,
materials, etc., in order to proARREY dnct schpmatieididusiratien of & he

present +invention. However, it w Idibbe ewe&ﬂﬁunti@aﬁms%islt&edmmzﬁh% art

t hat y-¥e i nvéntion may be practjced without these specific details. Tn

ot heruq?nst ances, wel | kntﬂ@ﬁ ﬁ?ﬁbb‘ﬁén&,t €t REGEERN ég"%ﬁ&mio el ectri cal
processi ng means have not been described in detail in order not to obscure
the present invention unnecessarg f.erpi ' L qur 14 oy, o1
prior art optical fiber is iIIus?ir%g?\%Ei%ﬁgg%}Pgﬂéﬁggt%%t ?}é%lll\f;\}e/éa\p/rg ul %
for. 1ight waves. THe optidrap &liobgrtheglength|adfy thie edectronlunimeserntelayer 148 which

includes a thin, cyli ndrifsaltréiﬁ?&f]ea to the reflective layer 82 by shorting the two
' layers together at one end of each segment.

FIGURE 9 is a schematic of a fiber optic

W 10 comunication system in which the optical fiber is broken into
' segments. -
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15 which is conprised of glass having a refractive index N2. Core 12 is
- surrounded by another |ayer of glass referred to as a cladding 14 having a
| ower refractive index [err] then the core 12. As illustrated, rays' of {
l'ight incident fromthe core 12 onto the cladding 14 at an angle having a
normal greater than [err] are trapped within the core 12 by total’internal
reflection. 20 Rays of light transmtted,into the cladding are absorbed by
a jacket 16 which surrounds the cl add‘I“ngQAr;- and is typically conprised of
an opaque plastic. The absorption of light rays by the jacket 14 prevents
cross talk with other HihghsSe h 96 ' | @ TibRers constructed
of a separate core and g, 0 propagat e at | arger
angles to the optical - axis of the-25 fiber require greater propagation
time than rays propagating at snaller.angles. This effect results in
differential delay whi chAnimgroved oplical fiberdg disglosed whichchasparticular s whi ch&é’ :
have an extrenely small refractive index.difference.between the -7- core
12 and cl addi r@%ﬁé"’ﬂéﬂ"}'ﬁ??‘ ng,diztance PPy %?WB‘FP‘}""&&HF@ h'& the | he -
critical angle ; g&gﬁ‘ _ atidf ' '
- propagat e'sryt;h?gﬁ%‘hnélﬁg C bﬁﬁrﬁ’t@"?‘?&ﬁﬁg%”?'ﬁ‘é?h‘gyﬁﬁgﬁgﬁﬁﬁgg éhggwﬁ\he fiber
during the 5 suchrasfspecificiwayelsngthssangles, materials,sett| in ordeptooprovidea f i ber '
whi ch has a refractive index whi C|I:._|.dec_rea‘ses Jparapol i Cal'l\éi %s a function of
di st ance from hAPUGRUNEestanding Qfithe presentjpye 8% it Wil be apeRret adi ent

results in th i Gal sheam heingacanfd 6] fi ber 10.
Accor di ngly, Stg%tsgﬂegﬁrgﬁ'%}%f}%gh?ﬂégygﬂia& t'he E%ﬁﬁ)@? gi;(tlhg rays arrive
at the end of ggueificidetails]in ather irstarees, welhknolh compdneatsasinadtures\andpassi ng

t hrough the core 12. Referring now to Fi gure 2, there Is shown a comon --.
prior art 10 electrical processing means have not been described in detail in order not to )

obscure the present invention unnecessarily.
'Referring now to Figure 1, a common prior art optical fiberis '
ilustrated which acts as an optical wave guide for light waves. The optical
ﬁbér. generally denoted by the numeral 10, includes a tﬁin. cylindrical core 12
15  which is comprised of glass having a refractive index N2. Core 12is
surrounded by another layer of glass referred to as a cladding 14 having a' _
lower refractive index Ny then the core 12. As illustrated, rays of light incident
from the core 12 onto the cladding 14atan angle having a normal greater than
8¢ = sin~T N1/N2 are trapped within the core 12 by total inte_m'a'l. reflection. |
20 Rays of light transmitted into the cladding are absorbed by & jacket 16 which -
surrounds the cladding 14, and is typically eompﬁse‘d of an opaque plastic. | b
The absorption of light rays by the jacket 14 prevents cross talk with other
fibers in a fiber optic bundie. In fibers constructed of a separate core and
cladding. rays of light'which propagate at larger angles to thé optical axis of the
25 fiber require greater propagation tirﬁé than rays propagating at smaller adgles.
This effect results in differential delay which may.be _eiiminatéd by oohstructing
fibers which havé an extremely small refractive inde; difference between the



fiber optic comuni cations system As Illustrated, the fiber optic

cQmuni cati on system accepts electrical input lines 20 carrying el ectri.cal
sitgnal s, and coupl es these signals to electrical drivers 22 which drive

di ode 15 | asers (or light emtting diodes) 24, as is well known. Each of
the diode lasers 24 are optically coupled to a fiber optic cable 28 which
may run for several kiloneters. Due to signatyattenuation, or power |oss,
resulting froma loss of signal fromlight passStng fromthe core 12 into
the cladding 14, as well as |ight absorbed by atons of the materi al

conpri sing the corecdm, 12 anlicladding 14 Asithe flio ofiNicovenN2 applidaches i) she gritical
fluctuations, within the fiber itself, repeaters nust be coupled al ong

| engths of the cabl 8ngig (el-erpreaches 9Of.andsenly, B singietransygrsel mede PIOPROAIRB e .

As shown in Figure ch T ater 30 includes photodi ode. detectors 32
couphed to the end @}miﬁﬁﬂ%ﬁ ¢al fiber cable, appropriate electrical

drivers and anplifiers 34 toyigkAéwh tHa? By propefrip avping B fite?r dulingtHenal 25

and place it In appropriate digital form matching as closely as possible to
the input signal § 2emanufastufingprodessdt is EBsible toqiroducera fibariwhichchasalirefrastive
signal s al ong anot her, se nt 40 of th f,iear optic,cabl e. -8- The
optical receiver -at ?’H?é%é?c'ﬁﬁ?sf L E’iq,s MHHEQ?'?‘BH"%VQF@P optical
conprises an out put gli@ofitfibef.2 THE YatRidtive e L §iafen infth Pﬁ&@ b Def
optical signals tra\?;edlgl I ng. aﬁng theﬁ%"ber- op§| C cgﬁsggéi‘ot,ég ongbyvlét %efﬁe _
appropri ate conditi confined iodha torel2cofdhe fibemtDd. daconedihgly, despite longi distances
generally 5 descri,bed Theel ectrical output_signals

are then coupled t o'@w@p&gpdlﬁ";éﬁ?@ﬂ%% Five 8hine ene &f therfiber 1R &t ?%"Q?\gﬂ‘?
iy | a8, et B e piidly Silglthg ooy, <ourcc of pover
Accordingly, it is very diffiReféringaowctodFiguret2, there is shown a common prior art
| fiber optic communications system. As illustrated, the fiber optic
communication system accepts electrical input lines 20 carrying electrical
signals, and couples these signals to electrical drivérs .22 which drive diode
15 lasers (or light emitting diodes) 24, as is well known. Each of the diode lasers
24 are optically coupled to a fiber optic cable 28 which may run for several
kilometers. Due to signal attenuation, or power loss, resulting from a loss of
 signal from light passing from the core 12 into the cladding 14, as well s light
‘absorbed by atoms of the material comprising the core 12, impurities in the
- 20 material, and/or density fluctuations within the fiber itself, repeaters must be
— o coupled along lengths of the cable to recondition the signals passing along
each fiber. As shown in Figure 2, each repeater 30 includes photodiode
detectors 32 coupled 10 the end of each optical fiber cable, appropriate
electfica_lldrivers and amplifiers 34 to recondition the (now electrical) signal
25 and place it in appropriate digital form matching as closely as possible to the
i_npdt signals 20, and diode lasers 38 to retransmit the recondition signals along
another segment 40 of the fiber optic cable.



fiber optic comunications systens in renote |ocations due to the necessity
of 10 each repeater requiring nmaintenance and el ectrical power to properly
operate. Renote | ocations would include desol ate geographi es as wel |: i
undersea and space based applications. Mreover, It wll be appreC|ated

that the electrical conponents conprising each repeater 30 are a source of
potential -failure due to power failtuBes, EMP nuclear bursts or random
‘conponent failure. 15 : Referrlng now to Figure 3, an enbodi nent

is illustrated which includes a fiber optic cable, generally referred to by
the nuneral 60 having a- ctheeommmcbimrdtawemoﬁhe ﬁ!ﬁeeomicmmuﬁmtnonaterl al
conprising the 3§t|cal fiber 60 is doped a quantity of the sane

material -used t SYS@MPAPRNSCSADOKRLY fRrmingl ﬂﬁ é‘%‘?‘%(ﬂ’@“"&ﬂ?f’@@ﬂ far ’P‘I’%"'Bﬁ)f i cal
conmuni cation 2Q ééﬁ%ag @?gﬂhs'ﬂa%ﬁ:ﬁ% alonbtthé ﬁb{}edgbﬁﬁglee gt albgg withst

advant ageous i np ron i’ s nner cofe and all ow e

dopant to diff uspprdﬁﬂaté tonditioners, ugnﬁmplexbw, ohy defrodutbtiog euamm@edaaw ty

greater in the center of the core 62 than farther out towards the

peri pheral e&geseseribedaspmpliigrs 48. Ehe, elogisicalputput signalsiidsare dhen eoupled toved

to co ensatef f I ted, st e
mat er |m;I wher e t %286?%’@%?%@&%%%}“"‘“8%'&& gs &"Zéﬂ'ﬂ&“’?‘ aé%ﬁaﬁB?ﬂer
~saturation in theuadaimbvidéd Wik sshé Sobrée of pow@rgrkérnﬂlﬂ ThrdlRhABRAY, %tr%ﬂ by
one skilled in the art, ‘that by doping optical 60 wth the 'sane

mat eri al used t@mﬂrmrlsanm)ommon n Agcardinglyailds 3elyzdlffc¢|mo canetradtf ect

f ing the length. of fih d_thereb the fi terial t
an Oxcl tod cnor JPSEpRiG o euhalon s fams 4 fvrie iflons ety ere&%&?'aé ’

OR £ 9%, TS e A8, i S Rf BB b 0,
of lasing - Remote locations would include desolate geographies as well as undersea and - .
space based applications. .M_oreover_.._ it will be appreciated that the elec‘lnca!
components: comprising each repeater 30 are a source of bot_entia_!_ failure due
to powar faiIUres.- EMP nuclear bursts or random eomp_enem failure.
15 - Refeming now to Figure 3, an embodiment
| is iflustrated which -inelud_es a fiber optic eeble. generally referred to
by the numeral 60 having & core 62 and a cladding 64. The glass fiber material
comprisihg the optical fiber 60 :s dope_d wifh & quantity of the same materia!
used 1o generate laser light In the diode lasers 24 of the optical communication
20 system of Figure 2. ftis balleved that the most advantageous implementation
" isto dope only the inner core 62 and allow the dopant \J
to diffuse into the cladding .64_. thereby providing doping density greater in the
center of the core 62 than farther out towards the peripheral edges ofthe
optical fiber. -poping in this fashion is believed to corhpensate for the tendency |
25 o have a depletion of excited state material where _the opti_eal signal intensity is
greatest, and avoid gain saturation in the center of the core 62.
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the dopant within the fiber 60 is to create a |laser anplifier for the
optical signal -while preserving collimtion and phase coherence. The
nmechani snt f or punping the fiber 60 to create the lasing effect 10 nay take
a variety of fornms. As shown in Figure 3, the punping may be acconplished
by providing a light source 68 within an elliptical reflector 69
surrounding the fiber 60, with the fiber at one locus of the ellipti-cal
reflector. This punping apparatus is sinmtl%r~in construction to that used
in the original ruby rod | aser wherein the |ight source 68 provides the

optical energy to punp 15 the |asing naterial doped into the optical fiber
60, to achieve the desired OB‘W&‘;Q %"%’?F'?‘B‘i’ by gBe § F?%%ﬁ‘l'hmmaéabf’ﬂp'[]%ed by

t he di ode | asers 24 gﬂ:é @W sl i i . ul d
accaonpl i sh the desi r° d r‘?ggmmﬁ W -@g&ggkégggﬁgpgﬁd&gﬁggsﬁﬁg%@gg@sdgi)ty
of sgrounding the daders2d, thatthe efifictah pumping iieciength of fibér 605 and tiseréisy raiselthe
the electrical reflector 69 would be quite bulky 20 and unsuited for

under ground and ot héiPer matariaitosanexsited anergy state is toflegethe degamdoatedal @ngur e

Coated with a i gt FEmyde PRIGAT BB aRyehot Mo ot By R 1. sine8 The Bopdk wirin
required to punp thenhglibeB0 idithd'sdmé BSpai® &S ufiized MTidioUE BReRAR4L, the ERLcEYRIBEIRG
of alight emtting material which may be 25 wutilized is radium

fluorescent paint i thedepant withinihe fiber 6Qisdoe create a lageyamplifior fardhe optical signal
dopant wi thi n the. P RBSeiS R TH prBoe MBI "o ci oncy. &
reflective layer 74 - 10 ‘Tﬁ@b‘tea‘hﬂnﬂﬂr‘iﬁﬁ\ﬁh@ the fibéte0do Ichelté thaNasing eftect
emiting material 72 and reflect |ight back through the cladding 64 and
i nt & the core 1062 maytake® varisty ofdoimsy Asshiawn ipfigure(3;dke pumping may be
accomplished by providing a'_light' source 68 within an elliptical reflector 69
surrounding the fiber 60, with the fiber at one locus of the elliptical reflector.
This pumping apparétus'is similar in construction to that used in the original
ruby rod Iasar.wherein-'the light source 68 provides the optical energy to pump
15 the lasing material doped into the opﬁcal fiber 60, to achieve the desired
~ optical gain fdr the optical wave length used by the diode lasers 24. Although
- the embodiment illustrated in Figure 3 would accomplish the desired results, it
will be appreciated that the necéssity of surrounding the optical fiber 60 and an
external light source 68 within the electricgl feﬂéctor €9 would be quité bulky
20 and unsuited for Underground and other limited space applications.
Referring now to Figure 4, another embodiment
is Mustrated in which the optical fiber 60 is coated with a light emitting |
‘material 72 to provide the energy source required to pump the dopant within the
core 62 and cladding 64. An example of a light emitting material which may be
25 utiliz_ed is radium fluorescent paint in which the half life of the radium provides a
eorrasponding.half.life for the achievement of gain through lasing of the dopant
within the ﬁbér 60. In order 1o improve pumping efficiency, a reflective layer 74



Figure*5). It will be appreciated, that by coating the fiber 60 with

the light emtting material 72, no additional |ight source is
necessary to punp the fiber to achieve the requisite optical gain, ‘and
that the fiber may be utilized over in |ong segnents w thout the need for
repeaters, since the optical signal originally applied by the di ode | asers -
24 will be provided with a constant gain along the length of the entire
cable 60. Referring now to Figure 67 ¥ further enmbodiment is illustrated

wﬂerel n ammagﬂqlﬁr %@@sceat sietshhal the au@mulr&sttﬂm |@|l£3f!ﬂath4l As
shown, an j.nsu n S el ec uni nescen ayer
78 and d%eRP ctr#é éy ‘§§t ﬁ g R:g?q‘ﬁg‘l ‘{"?ﬁ%ﬁ'{‘%y A &Pl The

i nsul ati ngntcayahe 860|rrey 6zZongs i denprovet raasmagernfﬂm:iaeneir (saech as

anocher eIz of) . O 265 141 B JbBoBRLERNY (Sl Sl e of

punpi ng effi |enc erTe coﬁprlse a-con

such as sdiidex oref O'flthrettahe (Iiﬂht emmmng a|mml 72,Thepo *{
app"Cat'%ﬂtﬁoﬁ’%@ﬂ&h@%%ickhqs E‘r{&f]é’séﬁr ¥ Mo | ea & pitde in the
el ectrol um nescent | ayer eneratin ot on “energ Is used to punp

t he dopant®® \APFHFSV@orEhe GZeQ‘HS%l ngicﬂle 9‘%1’6%4 ré&d I EBPFlg the As pest
i 11 ustrat efli hexr hhdfpr Be 7utih£zédbefte§p§.h0 1@@@mrygmtmtenm%1ﬂmmé l'i sing

t he teachings, discl ose nc u Iectrl al_in nal s 90
W ch’ s b e (43 S8RSatRrE. SHiBRE shACSHIRAT, TaT, o IR ek on
as the sysrpiikdchysele dipdgurlaskrs Eh‘bl’Wi)bll bel ptplvédeQS widdud ed to
o its resPe&dé"@an@ é’éjfn Alaér?é tl@é‘sleﬁé"fh of the entire cable 60.

Referring now to Figure 6, a further"embodiment o/
is illustrated: wherein an electroluminescent material 78 -
surrounds the cladding 64. As shown, an insulating layer
80 surrounds - the electroluminescent layer 78 and a
reflective layer 82 surrounds the insulating layer 80.
The insulating layer 80 may comprise a transparent
material, such ' as another layer of glass- which is
optically clear to avoid loss .of pumping efficiency, and
the reflector may comprise a conductive material such as
some form of 'metal (for example, aluminum). The
application of a voltage across the length of the fiber
60 results in the electroluminescent layer 78 generating
photon energy which is used to pump the dopants within : C;
core 62 to achieve .the desired lasing. As Dbest
illustrated in Figure 7, thenfiber.Optic communications
System utilising the teachings disclosed in Figure 6,
includes electrical input signals 90 which ~are coupled
to drivers 92 and diode lasers 94, in a similar fashion

~as the system disclosed in Figure 2. Each optical'fiber
98 coupled to .its respeotive diode lasér has the
structure illustrated in Pigure 6. As in the case of
prior art sYstems, the'detector'generally denoted by the
numeral 100 includes photodetectors 104 and appropriate



structure illustrated in Figure 6. As in the case of.pr{or art systens,
the detector generally denoted by the nunmeral 100 i ncludes phot odetectors

204 and appropriate --10A- circuitry 106 to convert incidental optical
signals travelling along the fibers 98 into appropriate data output signals
110, as is known in the art. - 11 - As shown in Figure 7, applying a

voltage V across the length of each optical fiber 98 on the :
el ectrolum nescent layer 78, results im 184 generation of photon energy by
the el ectrol um nescent |ayer 78 and the lasing of the core dopant. However,

as wll be appreciated, there will be a ,voltage 5 ro ] ong the | ength of
cach i bor o eiEeR ey T # sotusit aibfdaRtal SafleRt (timait,
fromcurrent firaweDl thgnagliong | thet Ifidfextshe98i hartdD8appsopbiateaf fdatient | y
|l ow t-0 avoid by . e, | psul at ing the

el egle ol uni n'es%‘g%g?\ggﬁ‘%%?f}%gﬁ,t %%f‘%@ﬁv@ﬂ%@%?g " To avoid the
breakdown of the insulating |ayer BO, for long sections of the fiber the
reflective 10 layer 82 is shorted to the el ectrolum nescent |ayer 78 to
equal i ze the voltage drop on both surfaces. Accordingly, fiber 98 nust be
segnented such that at one end of each segnent the reflective layer 82 is
shorted to the el ectrol um nescent |ayer 78. As best shown in Figure 8, the
| i near voltage drop along the | ength of the el ectrolumnescent |ayer 78 is
transferred to the



15 reflective layer 82 by shorting the two | ayers together at one end of
each segnent. As shown in Figure 8, the stepped function indicates the

st epped voltage drop for the reflecting reflective |ayer 82 at each -
Segnent. A fi-ber optic conmunication systemin accordance with the .

t eachi ngs - as illustrated in Figure 6 is showm in Figure 9. As
20 illustrated, the transmtter including appropriate drivers and di ode

| asers as in Figures 2 and 7 is identified generally by the nunmeral 120.
The optical fiber 125 having the strdtture of the fiber illustrated in
Figure 6 is broken into segnents S1, S2, S3 and S4, as shown. At one end of

each segnent is a connectgy sHown infglre?, i;ﬁiﬂyiﬁqiﬂ%ﬁégv akpSssnth Jrigh by
short the 25 electrolum nescent |ayer 78 to the.reflective |ayer 82 of the
upst r eam segnenteach opticed fibem38,0n the elactrolymisesaent layer Z8.rresultstindhé nsul ati ng.

| ayer 80 |Is identical, at, that point. previously descrihgad he . .}
hpol 1 cat i on of - @enefetiag ot plidbn eRetsy by he Slecimiiminesrer auer TEnd B8 tasng ; Y
the lasing of t bhahi ge{g,m- hedrbSwif Bb ! into
avoid the need Pgrmgr)%gtgtoé?ét'space "al ong%tqrégafeg{lgt E_‘t@#r_%ﬁqgﬂéa g.aE@Det ect or
el ectroni cs 345 dwpalong thellsdgthoofreachifiver 981in the alectroluminkscentlayerd?8orand t he
cabl e 125 and coupl e t he el ectrical S appropriate di gi tal

el ectronics. It tisivotage ¢rpp from eureat fiowing Ql%gglt%hh&@tqme fites 98 rauss o | e
e 57 oo SR I A5 BB 8 b By AFRATE 0, e, 1
may be shorted teledtidfuniitéscent layer 786 the rdllsctiviedlydt B2 TWaVIIOthe
breakdown of the insulating layer 80, for long sections of the fiber the reflective __
10 layer 82 is shorted 10 the e_lectrolumin'esoent. layer 78 td equalize the voltage A
drop on both surfaces. Accordingly, fiber 98 must be segmented such that at
one end of each segment _.t_h'e reflective layer 82 is shofted tothe |
~ electroluminescent layer 78. As best éhoy&n in Figure 8, the linear voltage
drop along the length of the aiectroluminéscent layer 78 is iransferred to the |
15 reflective layer 82 by shorting the two layers together at one end of each
" segment. As shown in Figure 8, the stepped function indicates the stepped
voltage drop for the reflectihg ref_le’ctive layer 82 at each segmént.
' A fiber optic communication system in accordance with the
teachings _ ~ as illustrated in Figure 6 is shown in Figure 9. As
20 illustrated, the transmitter including appropriate drivers and diode [asers as in \J
Figures 2 and 7 is identified generally by the numeral 120._ The optical fiber
125 having the structure of the fiber illustrated in Figure 6 is broken into
segments S1, 52, S3 and §4, as shown. At one end of each segment is a
connector 135. Each of the connectors 135 physically short the _
25 electroluminescent layer 78 to the reflective layer 82 of the upstream segment,
thereby insuring that the voltage across the insulating lgyer 80 is identical at.
that point. As previously désc_ﬁbed, the application of a v‘bltage over the



of the reflective |layer 82 and |nsulat|ng Iayer 80 to expose the

el ectrol um nescent |ayer 75 and plating the etched surface to formthe
cdnnecti on between the el ectrol uni nescent |ayer 75 and reflective |ayer 82.
Thus, .an inproved optical fiber has been disclosed which obviates the
need for repeaters to be spaced along the length of the fiber to correct
for signal attenuation. The use of a doped core 62 and fused dopant in the
cl adding 64, in conjunction wi'th one of a varil& y- of punping
configurations, results in optical gain along the |ength of the fiber.

Since the technology of the present invention is not. dependent wupon
el ectrical repeat®igthiefifiheghly5| rRaudtsoinvbheadasingr ofulthiengopangm

for exanple, mp&m cbrase2. and wlfémsﬁéw@péi&iIaﬂnptewa%aa
I nherent gain, t ough | gsi of the dopant in_t (% t he di ode % may
be ofe~t over - powe 8 fg’%p p%?%ﬁ?daﬁsPPEat M5h }@"9'@31921

di vi ded- out - of tdebheesaeteepptlemecbnonhese145 deecprbvddeddtelaﬁnndxah
o P oot Lo7 ekl Eahnt S8 A, BIs ek 0bae 175 iy, boupra

| aser light gectheati edeckrigel foﬁlggégerartmg appropriate dlglt %
- electronics. It will be appreciated, that the connectors
135 are simple mechanical connectors which are not prone
to faiiure and.requite no external power for operaton.
Alternatively, the electroluminescent'layer 75 may be
shorted to the refiectiye layer 82 by etching a portion
of the reflective layer 82 and insulating layer 80 to
expose the electroluminescent layer 75 and plating the
etched surface to form the connection between the .
electroluminescent layer 75 and reflective layer 82.

Thns, an improved optical fiber has been
disclosed which obviates the need for repeaters to be
spaced along the length of the fiber to correct for
signai attenuation. The use of a doped core 62 and fused
dopant in the cladding 64, in conjunction with one of a

, Variety of pumping configurations, results in optical
gain along the length of the fiber. Since the technology
L of the present invention is not dependent upon
electrical repeaters, it is highly immune to EMP factors
resulting from, for example; nuclear blasts. In
addition, since the fiber provides inherent gain through
lasing of the dopant in the cdre, the diode laser may be
of lower power.

In our copending UK patent application No.
9319419.9, divided-~out-of the present application there
is described and claimed an improved optical fiber for
carrying an optical signal.



laser light having a predeterm ned mavelengtH: ~and coﬁprising sai d
optical signal; an optical fiber having a first and second end, said first

end coupled to said |aser light generation nmeans, said optical fiber
conprising; an optically transparent core havi nW_ .
refraction, said core being doped with a |asing an optically

transparent claddi ng surroundi ng said coré having a m‘gm o
refraction which is |lower than said<igst-index o “ i ng
means spatially disposed parallel to said claddi ng¥ ext &ndf’ ng fromsaid
first end to said second end, sai #¥ng neans for providing [Iight

t hrough sai d cladding and into said core such that said l'asing nmateri al
| ases at the same wavel ength as said.laser |i.ght generated by said | aser
light genermiion nepetsa amhnsmissidms sysitenm f por seransmptt ing agnal .

cont i nuousl Y pong said optical fibre; receiving 3,_,
nmeans coupl%df}&oé%gﬁ secbnﬁeﬁ#&fﬁial d fiber for receiving said optical
si gnal ; wher eby saﬂtﬁ%ﬂtl chight grgenexatiai eennmi fdy tgrnexating of said

lasing mat efigdy 2 ight HEYEndg’ WS Prcdberiied afavisidntfch by fidi m 1,
wherein saird p rtr;:g)smgrneans conprises, a radi oacti vel y- powered' light -

emtting meEYRP said optical signal;
an optical fiber having a first and second end,

-said first .end coupled to said laser light: generation
_means, said optical fiber comprising,

an optically transparent core hav1ng a first
1ndex of refraction, said core be:mg doped w1th a las1ng "
material, o _
- an optically transparent cladding surrounding
said core hav:mg a second index of refraction which is
. lower than said first index of refraction;

pumping means spatially disposed parallel to
said cladding and extending from said first end to said
second end, | s_aid pumping ‘means for_ provi_ding “light
through said cladding ‘and into said core such that said
lasing material .lases at the same wavelength as said
_laser light generated by said laser light generation
means and provides gain for said optical signal
.continuously over a great distance along said optical E
fibre; _ . NG

~ receiving means coupled to said second end of

said fiber for receiving said optical signal ;

whereby said optical s:.gnal is ‘provided gain by
the lasing of said lasing material. _ '

2. Data transmission system as defined by claim 1,
_ wherein said pumping ‘means comprises a radioactively-
powered light emitting material.
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- 14 - 3. The data  transm ssion system as defi ned by claim 2,
wherein said radioactive material ‘conprises radium 4. The data
transm ssion systemas defined by claim 2, further includi

reflectjve material surrounding said radioactive t hat
a portion of said light emtted fromsaid radi oactive !ﬂfﬂﬂ’wﬂ ym t ed
t hrough said cladding and onto said core. 5. The =da

system as defined by claim 1, wherein — safd~ punpi ng neans conprises

an el ectrol um nescent  or el ectrof | our escent mat eri al sur r oundi ng

said cladding, , sai d EFECt rﬂt‘ém [&ggﬁg%sggﬁr g*s é’g]ttlg'ng EQQFdOf
e maler

desired wavel engf h when ectric power i

The data tranShfimi od, SBRtEhmassgdf] n@%ﬂiﬂa@-%ﬂen Blatﬁlmladl nCehprises
power is appliegdsgoumai d el ectrolum nescent material by applying

el ecti@des havi ng opposite polarity at each end of said fi ber and appl ying
a voltage across said el ectrodes. 7. The data transm ssion system as

defined by claim6, further | radagli mg-aastnﬁ,gnsaar egystéuﬁulaegl agflgmbarlnj,
surrounding said,el ect r.ol unﬁé cent npat
f

transnission systaf af de % cFﬁF%‘ding f & t HEgELS eft’r‘(ﬁil nﬁatﬁnal

reflective matenrzbunding said radioactive materlal such that a
portion of said light emitted from said radioactive
_material'i_s'--- reflected through said cladding and onto
said core. '

— 5. The data transmission system as defined by

| claim 1, wherein said pumping means comprises an
electroluminescent or electroflourescent = material
surrounding sa1d cladding, said electroluminescent
material emitting light of a desired wavelength when
electric power is applied to said material.

6. ‘The  data transmission system as defined by
claim 5, wherein electric power is applied to said
electrolﬁminescent materiai 'by applying electrodes
having opposite polarity at each end of said fiber and
- applying a vbltage across said electrodes. -

7. The data transmission system as defined by
claim 6, further including a transparent insulating
material surrounding said electroluminescent material.

8. The data transmission 'system as defined by
claim 7, further including a reflective material
surrounding said insulating material such that 1light
passing thi:ough said insulating material is reflected
from said reflective materlal through said cladding and
into said core.
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sur r oundi

ng said |nsulat|ng materi al such t hat Ilght passi ng through said
insulating material is reflected fromsaid reflective material through said

cl adding and into said core. - 15 - 9. The —data—transm-ssten
system as defined by claim8, wherein said reflectiv naterlal co rises
conductive material. 10. The dat a transnission ned by
claim9, wherein said fiber is segnented such that a

|l engths of said fiber said refl&b6t+ve material |s couﬁle to sai d

el ectrol um nescent material to equalize the voltage between said

el ectrol unm nescent nmaterial and said reflective material. 11. An data

transni ssPen syst @Ref or daténs Frensmgsahospt FYatemi gifal defioednt PXl 1y as

her ei nbef

e1g8iflew, i hRdrvihh sraataer@é@f‘eé&wemaeeeﬂaamedaqaﬁrs@u ngs.
conductive materlal.

10.  The data transmission system as defined by
claim 9, wherein said fiber is segmented such that at
predetermined lengths of said fiber -said reflective

‘material is coupled to- said electroluminescent material

to equalize the voltage between said electroluminescent
material and said reflective material.

11. - An data transmiésion'system for transmitting an
optical signal substantially as hereinbefore described
with reference to the accompanying drawings.
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