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ACTI VE FI BER FOR OPTI CAL SI GNAL TRANSM SSI ON BACKGROUND OF THE%%«E%ﬁFﬁﬁhfﬁ‘g--
Field of the Invention: The present invention relates to the field of

opti cal coenmuni cation systens. 2. Art Background: Since the original
invention of the laser, optical comuni<ation by |aser beam has been one of

t he princi pal appllcatlons envi sioned for this device. Lasers provide |ight
beans having extrene_d 'cquared to beans pr oduced by ot her

| i ght sources or mn cfom i : AL IRANSMESSION, npunt  of
information  which may be transnitted over an el ectromagnetic

wave i s propor t ' - t he wave. Since sone |asers -
operate with B oukp aﬁ ' ﬁb thhs, it is theoretically possible

s

to-transmit thousands of color ‘tel evision broadcasts over a single |aser
beany Al I houghy el ponel ekl MTnvérEishs ectionality are two inherent
advant ages of |aser comunicatl ons systens. The usefulness of a

| aser communi cations systemis generally limted by factors such as the
necessity of - el ectro- ofhé de'ebeﬁtori‘hve?ﬂﬁidd”leremw tb WHeheigiqr gt i on

can be inposed éﬁ itsel f Moreover, atnospheric conditions
may S|gn|f|can #€B§?¥é§° ?ﬂgiﬁﬂ %%ﬁt?Qﬁﬂeulon of the laser, and | aser
| i ght does not reflect well or penetrate through objects. An alternative to
at nospheri c prppagatapg ﬁébﬁéf% . of optical fibers conprised of glass or
plastic to confine and direc ®1aser beam The use of opti cal -2-
fibers permts efficient Communication wthin dense
Since the original invention of the 1laser,
optical communication by laser beam has been one of the
N« principal applications envisioned for this device.
Lasers provide light beams having extreme directionality
compared to beams produced by other light sources or
microwave antennas. In addition, the amount of
~information which may be transmitted over an
electromagnetic wave is proportional to the bandwidth of
the wave. Since some lasers operate with very large
modulation bandwidths, it is theoretically possible to
transmit thousands of color television broadcasts over. a

' single laser  beamn. Although bandwidth and
directionality are two inherent advantages of laser
communications systems. The usefulness of a laser

communications system is generally 1limited by factors
such as.the necessity of electro-optic detectors, and
the ease with which information can be imposed upon the
beam itself. Moreover, atmospheric conditions may
significantly attenuate the optical radiation of the
laser, and laser 1light does not reflect well or
penetrate through objects. '

An alternative to atmospheric propagation is the
use of optical fibers comprised of glass or plastic to
confine and direct the laser beam. The use of optical



popul ation areas and elimnates the conplex nmaze of wires and coaxi al
cabl es whi ch have been required for el ectronic comuni cation. For |ong

di stance communi cation, a repeater for each channel within a fiber optic
bundle is required to correct distoktpos of the ‘optical - signal caused
by differential propagation delays, attenuation and noise. However, the use

f t t I fi.b t bl t
cormunt cat | SHPES! cREFBAGE e SLEAGIohEe PRRBUPLPaEiERy, BIEBLD vRERSBower 1 of
their circupbpulatiogni areast land lerid.nﬁaates the camslex afazenséfllation
AN ot oo CaIERs AP LEBIAE! CARIRE! Yon sl CBUGL Bden YaqPUES chpSS: I

an opti cal I'S cause vari pr OCesses, var 1 ous

t echni ques ®Baeetronds @P@Gﬁpﬂ@étﬁgn-reduce the attenuation, and therefore
the need for- repeaters, in a fiber opticcommunication system = e
(See: Drexhage, "lInfrared Optical Fibers", , Scientific Anerjcan Nov.

1988, pg. 110 and, FOrsieng -distance, fRMMWNLGaFionea saResker for
Appl i cati ongach Gmmm wvithid SlntbédéSd»;ﬂyxc bukdrebts 28dGired oW || be

descri bed re nventl t.-he vant a soci at ed
Wi th prior SP% ?"%eragﬁ%%j"&a& eg a dlog’rﬁejgc@s fqﬁr%gr Eacgﬁye whi ch
el i m nates dhéfncentmallpﬂﬂn§§§QJQQ/d§¥axad\ﬁi@enuatxgpthadenbuse.cable

| engt h. Thﬁo%%‘% | SehPUiPEdor! ¢ epiehiiters iﬁ%ﬁ&b ﬁ%ﬂ ai6ﬁg EQB%P usi ng

one of a varlety -punpi ng nechani sns, as djsclo SUMVARY
OF THE | NVERPEER AadthdiSrREmMeNtsheln rﬁeﬁ?’f"aﬂn%%ﬁ‘@?s%FG?WdE&‘mArPﬁproved

optical fibehatortrer rnémt&rr@pbecaﬁr@vm@d with power for their
circuits, significantly = increases : the cost of .
installation . and- . decreases system  reliability. o/
Attenuation, or K power loss, in an optical fiber is
cauSed by a variety szprocesses;'and'various techniques
have been:-attemptedj to :reducé_ the .attenuation, and
therefore the need for repeaters, in- a fiber
opticcommﬁnication_-system.-- (See:_-Drexhage, -"Infrared
Optical Fibers", Scientific American, Nov. 1988, pg.
110; and, O0'Shea, "An Introduction to Lasers and Their
Applications", Chapter 8, 'Addison-Wesley, December
11978). | | - -

As will be described, the present invention
overcomes the disadvantages associated with prior art -
fiber optic cables, and disclosesha_fiber'optic cable
which eliminates the need for repeaters by effectively
lasing thé entire cable length. The cable is "pumped"
to achieve: lésing along. its length using one of a
variety of pumping mechanisms; as disclosed herein.

¢



conprising: an optically transparent core having a first index of
refraction, said core being doped with alasing materi al ‘such that said
gore is doped havi ng the greatest concentration of said dopant at the
center of said core and said dopant is diffused outward from said center
into said cladding; an optically transparent cladding surrounding said core
havi ng a second i ndex of refractlon which is |ower than said first index of
refraction; puEHitEgs I OH 3 2 ON sposed parallel to said cladding for
pr.ovi di ng Ilght t hrough said claddlng and into said core, such that said

| asing material |ases at a desired mavelength and grOV|des cont i nuous gain
t hrougout the | engt h HCIIRAING o 1 Bhe sinueppirrathergnis. prosiided &n d
optical signaliniprqwenli dptiigaln fiperni flot asargyiBg En DEPEREET! @ ddailHE
DRAYV.NGS Fi g. qt]ﬂ éﬁ@’f& agranmatical cross section of a typical prior art
fiber optic ca 1°g illustrates a prior art three channel fiber

opti c comuni cat i ons gnst emte‘n:plldyi ngrapspareshdwcdrme havéng. & first3
i1lustrates an £AdE U ﬁh@@ﬂ&%ﬁq@*&oﬁ%&%ﬂ 3 g Punp

a doped fi ber cable to a asin Cross section
fiber optic c&'lﬁt@q‘t?lvmﬁﬂ?th Ithahk éﬂ%‘%l rﬂj’lf?at drs aIdQPﬁdJsé@VtJGIQJurﬁ!lea

doped fiber. greatlds: corfcentratic®sefsealidomdyant fabethePteter of
said core and said dopant is diffused outward from said
center into said cladding;

‘an optically transparent cladding surrounding

said core having a second index of refraction which is
N’ lower than said first index of refraction;

pumping means spatially disposed parallel to
said cladding for providing light through said cladding
and into said core, such that said lasing material lases
at a desired wavelength and provides continuous gain
througout the length of the flber for said optlcal
signal;

whereby said optical signal is provided gain by
said lasing.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagrammatical cross section of a
typical prior art fiber optic cable. '

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

Fig. 3 illustrates an embodiment in which an
external light source is used to pump a doped fiber
cable to achieve lasing.

Fig. 4 is a cross section of a fiber optic
cable in which a light emitting material is used to pump
a dopéd fiber. | -



cable further illustrating the use of a reflective coating to increase

punpi ng efficiency. Fig. 6 is a cross section of a fiber optic cable in
which a doped fiber is punped by an electrolumnescent |ight .source. «
Fig. 7 is a schematic illustration of .a_fiber optic communications system

utilizing the teachings of the present ﬁnventlon Fig. 8 is a graph’

illustrating the |inear voltage drop al ong the length of the’
el ectrol um nescent | &jigr 785whiish as ciriosss fsddtcibr oot @ rﬁfgé}_ctbéeiéayer 82

b hor t t end of each seg

|Z 2 gghgggttgs%%wof?egﬁa§ ??gﬁggé%g%?gaﬁPb %\ ﬁﬁfiﬁcthgeoptlca
fiber is brSRéﬁlpﬁtGOSégﬁiﬁﬁ§e DEleDEDeDESCEEEEYCN CF THE | NVENTI ON An
i nproved optical fibghgl.s dssclpsed Wpogl r}’a&ﬁqﬂlgful gr Fj[ri%é ‘gﬁ on for

use in long distance optlcal conmunj cat j ons, syst Ng 3\
description ¥ ﬁﬁ. sWitchy hRanA9psd nﬁﬂﬂ#’bus Set aumeérelmt imrth =
such as speceiectwanamdngsbentamgbht soatreeial s, etc., in order to prOV|de

a thorough -under st angi; pg of t e iwen Fbwever it be
apparent to one Skl|ﬁ&§ in thgﬁ%ﬁi %éﬁ#mq?&9 iiéyﬁqﬁﬂF %E‘ﬁrng?Eed
w t hout t heseP§pecigammundications - systemhunuztngceae e dhingoVor

conponents, thét prekdh®s indBAtEbARCiri cal processing neans have not been
described in detail -in order not, to obscure the present invention

unnecessarily. ReferfFiflg noft toifi @@ 9¥aPh chMNSt¥ALHRY atheoplinearti ber
S |IIustraVGMtabecﬂrapt%Immgamhuﬁléﬁﬂth ‘of the. electroluminescent

layer 78 which is transferred to the reflective 1ayer 82 .

by shorting the two layers together at one end of each .

segnent. S ' T : o/
Fig.. 9  is a schematic of a fiber optic

communication system in which the optical fiber is

broken into segments. '

DETAILED._DESCRIPTION' OF THE INVENTION

An improved optical fiber is disclosed which has
particular application for use in long distance optical
communications systems. In the following description
for purposes of explanetion, numerous details are set
forth such as specific wavelengths, angles, materials,
etc., in order to provide a thorough understanding of
the present invention. However, it will be apparent to
one skilled in the art that the invention may be
practiced without these specific details. In other
instances, well known components, structures and
electrical processing means have not been described in
‘detail in order not to obscure the present invention
unnecessarily.

'Referring now to Fig. 1, a common prior art
optical fiber is illustrated which acts as an optical



~-5- wave guide for [light waves. The optical fiber, generally
denoted by the numeral 10, includes a thin, cylindrical core 12 which is
conprised-of glass having a refractive index [err] Core 12 is surrounded
by another |ayer of glass referred to as- & & addi ng 14 having a | ower

refractive index [err] then the core 12, As iIIustrath hrays of
I'i ght i nci dent the ore_12 onto the cladding 14 at an angle having a
normal greater [%‘H‘f aF ¥ tr bERE WaYes- t he THRe PEtB?agot Sibent er nal

refl ection. mgmemuy géenoteds iyt ttdte | ninfet AP Qbadciﬂtg.tﬁié% absehrd by a

| ackel 10wl cetiaunn Dee o il de Bgpi g 0oL R B " "
cross tal k witFefifagtivecindex Hzflb@bnﬂnlkziﬂnnﬂrroumdédbbysanoﬁhéructed

of ;a separate q@ﬁzﬁﬂdfckyfié@sﬂ%ef@bﬁd)ftb' A PhiLehaR5AGAGY &, nci‘rger |
angles to the ptlcal gq%ﬁ ber reqU|re greater propag a tlne

than rays prop dilexs . N Thhencf thet F§§G|t§2P
di fferential ddmmmmyrhyselaﬁn nﬁgneﬁ li)‘acﬁ@&%‘tr Ut 0 thel | ¥s m@' ch

h t t| i ndex difference between the core
1gvgnda2| ag)éll L%;RJ' e 1@ ad a‘ﬁf | Pln] A%, ViPHr 8aBREBAL grpater
critical angl eq-'(l'@" a%&ﬁ‘%h%h sNﬁéNg] axed trdapped swn'ghmt thes \Coree 1 dby
propagat es thr aieiall hen€@bhgl Ief1ckioH thﬁéﬁe tooff%ﬁé’ QQB};EH%%?&}“ ber

during the manuf ctu ng process, it IS possi duce a
has agref racti v‘é‘ gg? acqﬁi’d'&réﬁge@?ﬁﬂrélﬁﬂ i B¥I 13y aéclseturikﬁt i whigh

di st ance fron:EmmnnnndsﬂthvuciaﬂaﬂwbeIhlbahgb#srﬁggﬁ$5&§zeb?g?gﬁﬁgaoof he
i ber 10, Aocordt fapadte a4l o- "oy SEERE 4 it | Lion€ £2E Pparhni a
ray§/arr|ve at]ﬁﬂ&QQKﬂbfPrhvehtSechS&ﬂ takk swirtht ottheas fiikeraxii aays
fiber optic bundle. In fibers constructed of a separate
core and cladding, rays of light which propagate at
larger angles to the optical axis of the fiber require
greater propagatlon time than rays propagating at
smaller angles. This effect results in differential
delay which may be eliminated by constructlng fibers
which have an extremely small refractive index
difference between the core 12 and cladding 14. 2As the
ratio of N, over N, approaches 1, the critical angle (c)
approaches 90°, and only a single transverse mode
| propagates through the cable.

o It is known that by properiy doping'the fiber
during the manufactufing process, it is possible to
produce a fiber which has a refractive index which
decreases parabolically as a function of distance from
the optical axis of the fiber. The refractive index

' gradient results in the optical beam being confined to

| the_corellz of the fiber 10. Accordingly, despite long
distances travelied the non-paraxial rays arrive at the
end of the fiber 10 at the same tlme as the ax1a1 rays
pa551ng through the core 12..



-passi ng through the core 12. Referring nowto Fig. 2, there is shown a
~comon prior art fiber optic comunications system. As illustrated,
the fiber optic conmunication system accepts electrical input l|i-nes 20
carrying electrical signals, and coupLeg these signals to electrical
drivers 22 which drive diode lasers (or light enitting diodes) 24, as is
wel | known. Each of the diodes |asers 24 are optically coupl ed to a fiber
optic cable 28 which un for several kilonmeters. Due to signal
attenuation, or pomeFeFégglngegﬂwtFﬁgF%ﬁon?a thereois sslhypwn & ropmmonht

passi ng fronpthercoaetlZﬂnMdrtiuptﬂdukﬁdﬁhdh%cdtidﬂﬁ| syttenJ ght a@bsorbed

b at ons eri S|ng t he core 12, ., urities 1n the
n%terlal an%i}':"'t'lg gﬁggé fﬁ%‘ n?T% PPRAR, 1ﬂﬂ?qqqiﬁgqiﬂﬁﬂfsyﬁﬁﬂ%aters
must be coup@@@enténﬁlmmlof lnpntcaiblrest oZOemm'ul'lyum ehec'lsrigdsmls o ,;z
passi ng a|0n§1§ﬂ5msf'gﬁa cou p§e§h€H@sensE%Ha tgagfe ?é Ebé Iudes

hot odi ode det ec cou to_the en each
gpgrgprlate %?e@%ﬂcgalFiygmﬂépgﬂdlaﬁﬁFFfKGFSl&ENﬁ)QN&ﬁﬁ*ﬂg @#pd¢ﬁﬂ(now
el ectrical) 3g¢gnak dsdwelac&nicwn.n wl C&ifzgﬁiér %ﬁd&%aialséfg r&ggéf%' ng as
I I ut 5| S an e_l asers
?e??gngm ?Stﬁéé?égégxl { |°§5Wﬁ§dg%? S aI arﬂﬂtﬁé"r < n284¢hdch Hpay ber
optic cable. rﬂhefoptse&braéc&nmamembrshe<aub(ﬁoté&gﬁabeatﬁ@ﬁm£t1on
comuni cat i 0§y SYshlp COBRE! Sexseélﬁ.(fiﬁfuk Bﬁr g n% g%nggot det ect ors

44 for receiy] the opti cal ravelling ar ong
cabl es 40, at %ﬁ \/\PFﬁs&Bﬁr SpPmathe: GoFie 1@ dnto d‘émmlqﬁ@m s],4.arms

denodul ati orwellcuakry 19gher aabkodeed | B§d atci®! idf €'¢héd 8 matdfial -

el ectrical O&éﬁgélgignal&goc‘%&%tggn Cougur{jtles in the materlal,- o
and/or density fluctuations within. the fiber itself,
repeaters must_be cgupledtalong lengths of the cable to
recondition the;signale passing.aiong eachefiber.' As
shown in Fig. 2, each repeater_Bo;includeS'phothiode
detectors 32 coupled to the end of each optical fiber
cable, appropriate}electrical:drivers and amplifiers 34
to reeonditipn the.(now electrical) signal and place it
in appropriate digital form matching as closely as
possible-to_the input signals 20, and diode lasers 38 to
retransmit_the recohdition_signals'along another segment
40 of the fiber optic cable.

The oth.cal receiver at the end of the fiber o/

_optlc communlcatlon system comprises an output term1na1
42 having photodetectors_44 for receiving the optlcal
_signals- travelling along the fiber optie. cables 40,
along with appropriate'conditioners, demultiplexors, and
demodulatlon c1rcu1try generally described as amplifiers
48. The electrlcal output signals 50 are then coupled
.to ',the approprlate digital communlcatlon 11nk as is
well known. Each repeater 30 must be provided with some
source of power ( 1nterna11y through a battery, or an
external power source) o function. Accordingly, it is



, _
to the appropriate digital comrunication link, as is well known. Each
repeater 30 nust be provided with some source of power (internally through
.a battery, or an external power source) o function. Accordingly, it is
-7- very difficult to construct fiber optdc comruni cations systens in
renote | ocations due to the necessity of: each repeater requiring

mai nt enance a e 0 erate, | ocati ons
woul d include d&s ?i?giglé%gr \é%%m esnsf';l‘%:guo\/‘\g'?r ¥%\}§e n88?§8a°£ﬁ8‘“§‘d§€§16’§§ed
appl i cati ons. sgstenerin remgte lucatpionsidueda the mesesisityr ofaleach
component s Cofid i caeRuieRAg! HaitteRbficd H CE1EEPIEN! b ?!;. Faidour e

due to power failures, nucl €ar bursts or _randgm conponent ure
Ref erri ng nowR’EPM’{:;lY PPeFaEfhodi nBRROEE | lpGatigngd Wmléh infdugd8es a

I;'zhu g opt : cddd@é&ﬁtgeqruﬁm@bdl.ynméf eabg adano dw xfﬂn%nuseraaid alwuda@eal core
and a cla e SS L per ri.a rs a
{iber 60 15 dOMRMFH I RuaTTer e HE SOk R AUPHeRRrd St Eha: o

| aser light i reléctriicalk tomposenrts ofomprising ceaclxomaaterl 3A syet em of
Fig. 2. It is é@&f@aggft %?tteﬁé‘ia@%a 3@&@‘%&60&5 ?WLF”%BE%EQB&: Evg dope

only the inner core low th nt to diftfuse into t I ng
64, thereby praRcifaly PRGF %rﬁ#’ﬂ"‘br Rnent (fad IMReer of the core 62
than farther out towards the peri pher al edges of the optical fiber. Doping

in this fashion is beI* %/ed fo co 2ens EE.or t he tendenc té). haye a
depl etion of excited %%nﬁh‘?%rl% V\/n?e i caﬁnsied%’ﬁ & si"Fy IS
great est, and H/bustrmted sawhighi onineludes ceat erfidfen heoptie 6Zable,wil |

be appr eci at edg ke 0Py SkLbefed "ed Ny Ale AlilrdY SPHAARPY Wed idier 60

wi th the sane
\J ~ and a cladding 64. The glass fiber mater1a1 comprising

the optical fiber 60 is doped with a quantity of the
same material used to generate laser light in the diode
lasers 24 of the optical communication system of Fig. 2.
It is believed that the most advantageous implementation
is to dope only the inner core 62 and allow the dopant
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 of the optical
. fiber. Doping in this fashion is believed to compensate
for the tendency to have a depletion of ‘excited state
material where the optical signal intensity is greatest,
and avoid gain saturation in the center of the core 62.

It will be appreciated by one skilled in the
art,' that by doping optical fiber 60 with the same
material used to generate laser light in diode lasers
24, that the effect of pumping the length of fiber 60,
and thereby raise the fiber material to an excited
enérgy state, is to lase the dopant material and provide
optical gain thfdughout thé length of the fiber. Since
the dopant within the fiber 60 is the same dopant as
utilized in diode lasers 24, the effect of lasing the



material used to generate laser light in diode lasers 24, that the
effect of punping the Iength of fiber 60, and thereby raise the fiber
material to-an excited energy state, is to |lase the dopant material -and
provide optical gain throughout the length of the fiber. Since the dopant
within the fiber 60 is the same dopant as utilized in diode |asers 24, the
effect of lasing the -8- dopant "wthin the fiber 60 is . to create
a |aser ansidpang Wigthin h&heptfiker $Qndls We | ereateseryi ri@ser

col i mati on Apc PFRSC CAHLT CERE- Ig‘ElEEihthgﬁ‘a;lor wﬁliligl n%‘%own 1 60 to

create the lasing effect nmy.take vari ety or IMs. Ig. 3,
t he punpi ng SRALIRation ANd Phase\coherantery a | i ght source 68 within an
elliptical reflector 69 surtroundi ng the fiber 60, V\nththeflber at one

| ocus of the ellipti refl ector Thi s punqi.n SSI EE
- construction to that éﬁe‘f%rﬂﬁn F%iFpRPing, %ﬁ%e &neat%e |ight
source 68 prthe cmiriga effectalmagn ctake t vamEtyhof fanms otk |sliowinped
into the opt I ber e t
opti cal wavei %h ﬁéegﬁﬁ baﬁ?"ﬂ? SyI g%e%?ﬂ%qlﬁpgﬁo?ah% | mant
illustrated® nllli‘ilgt SSWG &L oWpERIR (3R Géé-llp&;cﬁésureglect?rwﬂﬂ be

appr eci at ed sdﬂasundm; e esibhdy so);‘ w:&ui M Fkibr tte i | Xodud idEer 60
and an. exter 0 electrlcal reflectgB 69, mould be

gtts ur.ce 6? % n
qui te bul ky GlddPrasals cFer Hngker oun 18 PUBNG aPPRTR
appl i cati onssin¥Xar r iing convstiudiipn 4toariﬂtdterueeﬂodlmehhel soriqmaat]r at ed in

whi ch the oRiiop!xSaPPhal) bef8Ehotnt Wighe! bBlrcEMed LIRS 'dle 72 L0

provi de the
optlcal energy to pump the 1as1ng materlal doped into

the oth.cal fiber 60, - to achieve the desired ‘optical o/
gain for the optical wave 1ength used by the diode '
lasers 24. Although the embodiment illustrated in Fig.

3 would accomplish the desired results, it w111 be
appreciated that the necessity - of surroundlng the -
optical fiber 60 and an external light seurce 68 within

the electrical reflector 69 would be quite bulky and
unsuited for underground and other limited space
applications. ' :

_ Referring now to ‘Fig. 4, another embedinient is
illustrated in which the optical fiber 60 is coated with
a 1light emitting material 72 to provide' the energy
source required to pump the dopant within the core 62
‘and cladding 64. An e‘xampl-le._ of a light emitting
material which may be utilized i's_ radium fluorescent
paint in which the half life of the radium prdvides a
correspo'nding' ‘half life for the achievement of gain
through lasing of the dopant within the fiber 60. 1In
.order to 1mprove pumplng effic1ency,' a reflect:.ve layer
74 may be prov1ded to surround the llght emlttmg
material 72 and reflect light back throu_gh the cladding
64 and into the core 62 to improve lasting efficiency



E

source required to punp the dopant within the core 62 and cladding 64.

An exanple of a light" emtting material which nay be utilized is

Fadi um fl yorescent paint in which the half life of the radium provides a
corresponding half |ife for the achi evengnt of gain through |asing of the
dopant within the fiber 60. 1In order to inprove punping efficiency, a

mater i al 72 and=PEi FAGRER Ghe’ babkintobBnapREeSlaBaing hat bl Foabingic
core 62 to inpthee f s ngoefWithi ethe 1igh®- érﬁmﬁ?@u?tatgfniﬂ_it nm"l lrtléngi N
TP b0 adai 11 oRapifiohBE TR okl 18, YergepaRy the Rl the Siheve
the requisite §ptiachigeenthendrequisite fapidcalnyghényt idndethatertie Iong
or G nal 1y appt|on bragn oo IR Rver, il ford SR, JHEARE ei an:
gain al ong thenFsﬁgtf?‘l?l_'ofrecH‘F@tt%?ﬁvr &ings thep onkieal  signaly epniginally a
further enbodi applied iby usie aamaeml:agfefsameblsqtuir ?&{ﬁf&g@%&)ﬁ S%Lan gls 78
f E(rar grggts r f)lhﬁmslﬁggg’éﬁg ggijfgr ai‘énéggﬁg’ F‘ﬁgaié%tn ?‘gea‘ﬁngt%esﬁ?P%%n%' t he
insulating layer 80. The insulating |ayer 80 may conprise another | aye(rj ;)Le
Pef T ector My compr | ce Sesering, AR Eblen82 sr aDHIPLRE: “Lpblhingye AT
appl i cation of 1&%&!“-?35&%&%%%%aPer@lW%fOlmimwn%omamﬁag iT8 t he
el ectrol um nessagrolfner tife JlRGEINGY G40t ONASNESKIN QR | Bnag iy PUND
the dopant wihLecobd ShrrbindE"thL el e S hniResdShEaper 55 ana &
U/ reflective layer 82 surrounds the insulating layer 80.
' The insulating layer 80 may comprise another layer of
glass which is optically clear to avoid loss of pumping
efficiency, and the reflector may comprise some form of
metal (for example, aluminum). The application of a
voltage across the iength of the fiber 60 results in the
electroluminescent layer 78 generating photon energy
which is used to pump the dopant within core 62 to
achieve the desired lasing. As best illustrated in Fig.
7, the fiber optic communications system utilizing the
teaching disclosed in Fig. 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 Fig.2. Each optical fiber 98 coupled to its
respective diode laser has the structure illustrated in
Fig. 6. As in the case. of the prior art systems, the
detector generally denoted by the numeral 100 includes
photodetectors 104 and appropriate circuitry 106 to
convert incident optical signals travelling along the
fibers 98 into appropriate data output signals 110, as
is known in the art. '



7, the fiber optic communications systemutilizing the teaching disclosed
in Fig. 6, includes electrical input signals 90 which are coupled to
drivers 92 and diode |asers 94, in a Sinilar_fashion as the system
disclosed in Fig.2. Each optical _ ber- 98 coupled to its
respective diode |aser has the structure iTlustrated in Fig. 6. As in the
case of the prior art systems, the detector generally denoted by the
nuneral 100 i ncl udesAghshount éut Fig.104 applydmgop ivailtagd Al déyodd6 to

convert inciggat opéﬁﬁall S|&nal gf%ave&gtggifl ongddie fig gers 28 |§1%
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eneration o tQ ener y the e rol.um nescent | ayer an o,
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be a vol tageanpnpcaa‘bag,t nmenmgwtum bacl fvb]eta@& |drd;hea10ng fﬁ'he
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i nsul ating I for ctl hhe fiber the | ective [ayer 82
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shorted to the el ectrol um nescen B, the

| i near vol taﬁ%rdﬂ-eﬁgalsﬁﬁ'@im@ I%‘ngﬂ?ﬁ ofibex the reflective layer 82

is shorted to the electrolumlnescent layer 78 to \!d
equalize. the voltage drop on "both surfaces.
Accordingly, fiber 98 must be.segmented'éuch that at one
end of each segment the reflective layer 82 is shorted
to the electroluminescent layer 78. As best shown in
- Fig. 8, the linear voltage drop along the length of the
electroluminescent layer 78 is transferred to the
| reflective layer 82 by shorting the two layéré together
at one end of each segment. As shown in Fig. 8, the
- stepped function ihdicates-the.steppéd voltage drop for
the-reflectingﬂreflectiﬁe layer 82 at each segment.

As

- A fiber optic communication system in accordance
with the teachings as illustrated in Fig. 6 is shown in
Fig. 9. As illustrated, the transmitter including the
appropriate ‘drivers and d1ode lasers as in Fig. 2 and 7 -

- is 1dent1f1ed generally by the numeral 120. The optical
fiber 125 hav1ng the ‘structure of the fiber illustrated
in Flg. 6 is broken into segments 81LSZ,S3 and S4, as
‘shown. At one end of each segment is a connector 135.
Each of the connectors 135 physically short the
electroluminescent iayer 78 to the reflective layer 82
of the upstream  segment, thereby inSuring' that the



el ectrolum nescent layer 78 is transferred to the reflective |ayer 82 by
shorting the two | ayers together at one end of each segnent. As shown in
WFig. 8, the stepped function indicates the stepped voltage drop for the
reflecting reflective |ayer 82 at each-sagment. A fiber optic conmuni cation
systemln accordance with the teachings as illustrated in Fig. 6 is shown
in Fig. 9. As illustrated, tgﬁgt ans ter including {he, appropriate

drivers and diVSdFa9R Perass |d‘"52‘ dng lavere ft f+%d13§ﬂ'€|‘-§ﬂyaﬁy t he
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to failure andepnicahFeom prsh e aivy arane tR tf@rléé’trlevépﬂ t he
el ectrol um nestpiireyes J:Etémbq:m tft iopertat e e@lﬂﬁ&'da&l%lﬁ by
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expose
W reflective 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.

Thus, an improved 6pti’cal' fiber has been
disclosed which obviates the need for repeaters to be
spaced along the length of the fiber to correct for
signal 'attenuati_on. The use of a doped core 62 and
fused dopant in the cladding 64, in conjunction with one
of the variety of pumping configurations, results in

_ optical gain along the length of the fiber. Since the

N technology of the present invention is not dependent
upon electriéal repeaters, it is highly immune to EMP
factors resulting from, for example, nuclear blasts. 1In
‘addition, since the fiber provides inherent gain through
lasing of the dopant in the core, the diode laser may be
‘of lower power. |

The present application has béeen divided out of
our co-pending UK patent application No. 8924819.9
(2228362) in which there is described and claimed a data



t he -el ectrol uni nescent | ayer 75 and plating the etched surface to form
t he connection bet ween the el ectrol um nescent layer 75 and reflective
‘layer 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 1
~correct for signal attenuation. The use of a doped core 62 and fused
dopant in the cladding 64, in conjunctignwth one of the variety of
punpi ng confi gurati-ons, results in optlcal gain al ong the length of the

fib Sin ol sent pventi on i.s nqQt dependent upon
e: e§{r| ca: ?%aua; é‘ﬁs%%'%ql a%/%e%bh# ﬂﬁ_ T'B{"EW F&ct"&"s"qaéﬂﬁ’t‘f N4 rom
for exanpl e€ ﬁ@@ gblasts I n addltlon since the fiber provides inherent
gai n through | asi ngleserne ld@nt denaxaticoy e,m;ansdggmetelgﬂmram}ng)e OL R
| oner power laser pldghtt hawingat iaon preaddiamitied vl Hur pen |qg
UK patent app g&aghg@ Haldﬁ%%ﬁiﬁsﬁ9d£§§%&362) I n mhlch there is descrlbed
and cl ai ned a dat éﬁ Q{h % f gr transmtnF%nq1
optical si ggggg ctox?rl S nﬁ aI aselr ‘1:8 fﬂ#@a Digb 3 matm
eneratin afl r
gonpr|5|ng §8?850pﬁﬁé9 °P¢@ﬁ§1 ﬂmbeamqqmnrusﬁmsn having a first and second
end, said first. endmuppbucablyaltramrén‘lghlcogmehatru.ng neafirsai d

optical fibgndesnpEi refgactiont sadd Yoolried Beidg Quhﬁav'd‘@ia%lfdg st
i ndex of Trefppdeian; said core being doped mnth a asing naterlal

optically transparegh 05399&291§“r££%ﬂﬁ%£¥bnt cladding surroundlng

said core having a second 1ndex of refractlon wh1ch is
lower than said first index of refractlon, .
_ pumping ' means spatlally disposed parallel to o/
- said cladding and. extendlng from said first end to said .
_' second end, said pumplng means for providing light
' through said claddlng and into said core such that said
‘lasing material lases at the same wavelength as said
laser 1light generated by said laser 1light generation
means and prov1des gain for said optical signal
continuously - over a great distance along said opt1ca1
flbre,_ -
' ' rece1v1ng means coupled to sa1d second end of
sa1d fiber for recelving said optlcal 51gna1.
whereby said optical signal is prov1ded gain by
the lasing of said la51ng materlal.

In o-pendlng ‘UK Patent Appllcatlon No. _
'9325719 4, divided out of the present application, there o’
"is described and. claimed an 1mproved opt1ca1 fibre for
carrying an optical signal comprlslng'

an optically transparent core having a first
index of refraction, said core being doped with a lasing
material; _ -
an optlcally transparent claddlng surround said
core hav1ng a second index of refraction which is lower _
than said first index of refraction;

pumping means spatially disposed parallel to
said cladding, . comprising a light emitting material
surrounding said cladding, for providing light through
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said core having a second index of refraction which is |ower than said
first index of refraction; punping neans spatially disposed parallel to
"said cladding and extending fromsaid first end to said second end, said
punpi ng means for providing I|ight through said cladding and into said
core such that said lasing material |ases t he sane wavel ength as said

| aser |ight generated by said | aser Ilght' eration neans and provides
gain for said optical signal continuously over a great distance al ong
said optical fibre; receiving neans coupled to said second end of said
fiber for recsaidnglsidimptand! iatgnsaidvieredyswci dtlQiJ(:I §aLdS '13%@.&19‘ S
provi ded gai npa¥etiall aihgﬂs()fa@a'éj hé§'19& W%&{r p UK
Patent Applig b&gguoyg %5&% %#Qg a&g %e presen appllcatlon
thetp is descri. égFro 'bre for _carrying an
optical signal conpri ¥Pf %ﬁﬁﬁ %n%scBFGVhG9¢nga&anWét

i ndex of refr&adfo aS§asu core bei ng doped with a lasing material; an
optically transparent cladding surround said core having a second index of
refraction which is lower than said first index of refraction; punping
means spatially disposed parallel to said cladding, conprising a |light
emtting material surrounding said cladding, for providing |ight through
said cladding and into said core such that said lasing material |ases at a
desired wavel engt h and provi des continuous gain for said optical signal;
wher eby said optical signal is provided gain by _

b.



sai d | asing. 1. An inproved optical fiber for carrying an
optical signal conprising: an optically transparent_core having a first
i ndex of refraction, said core being doped with anTEETﬁﬁ“WHtEf+aL_~5uch
that said core is doped having the greatest ﬂ”w i on of said

dopant at the center .of said core and said dopant | MM,&Wd from

said center into said cladding; an optically transparen
surroundi ng said core having a second |/1 x of refraction whicl i& |ower
than said first index of refraction; punping neans spatially disposed
parallel to said cladding for providing Iight through said cladding and
into said core, such that said |lasingceagsi al | ases at a desired

wavel ength and provi des continuous gain throughout the | ength of the fiber
for said optical signal; whereby said optical signal is provided gain by,’,
said | asing.l. An~ 1mproved optical fiber for carrylng an

optlcal signal comprising:

an optically transparent core having a first
index of refraction, said core being doped with a lasing
material such that said core is doped having the
gfeatest concentration of said dopant at the center of
said core and said dopant is diffused outward from said
center into said cladding;

an optically transparent cladding surrounding
said core having a second index of refraction whlch is
lower than sald first 1ndex of refractlon,

\.i

pumping means spatially disposed parallel to
said clad@ing for providing light through said cladding
and into said core, such that said lasing material lases
at a desired wavelength and provides continuous gain
throughout the length of the fiber for said optical
signal; '

whereby said optical 51gnal is provided gain by
said lasing. ' '



