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CHLORI NE: DOPED OPTI CAL COVPONENT Cross- Ref eryence to
Rel ated Appliation This application is related to U S. Patent
Application S.N. . (Mller et al. 3-3-2-2) entitled "Achromatic 5
Fi ber Optic Coupler" filed on even date herewith.
Background of the Invention This invention relates to passive
optical conponents 10 containing chlorine-doped regions, and nore
particul arly, to fiber optic couplers incorporating optical fibers or
pat hs wherein chlorine-doped regions are at |east partially responsi bl e
for a difference in propagation constants in the optical paths. 15
Cbupllng can occur between two cl osely spaced cores or optical paths in

passi ve optical devices. Such devices exist in the formof fused fibers,
overcl ad fused fibers, '

CHLORINE-DOPED OPTICAL COMPONENT

Cross-Reference to Related Appliatien

This application is related to U.S. Patent Application
S.N. _ (Miller et al. 3-3-2-2) entitled "Achromatic
5 Fiber Optic Coupler" filed on even date herewith.

Background of the Invention

This invention relates to passive optical components

10 containing chlorine-doped regions, and more particularly,
to fiber optic couplers incorporating optical fibers or

. . paths wherein chlorine~doped regions are at least partially
responsible for a dlfference in propagation constants in
the optical paths. _

15 Coupllng can occur betﬁeeh two.cldsely spaced cores or
optical paths in passive optical devices. Such devices
exist in the form of fused fibers, overclad fused fibers,
planar devices and the like. Fused fiber devices are
disclosed in U.S. paténts Nos. 4,798,436 (Mortimore) and

20 4,822,126 (Sweeney et al.) and in the publication: O.
Parriaux et al., "Wavelength Selective Distributed Coupling
Between Single Mode Optical Fibers for Multiplexing",.
qurnal.of Optical Communications, Vol. 2, Nb.'3,-pp.
105-109. Overclad fiber optic couplers are disclosed in

25 European published patent application No. 0302745 and in
said related U.S. patent appllcatlon S.N. . Examples
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pl anar devices and the |ike. Fused fiber devices are di sclosed in U S
patents Nos. 4,798,436 (Mrtinore) and 20 4,822,126 (Sweeney et al.) and in
t he publication: O. Parriaux et al., "Wavel ength Sel ective Di stributed
Coupl i ng Bet ween Single Mode Optical Fibers for Miltiplexing”

Journal of Optical Conmunications, Vol. 22-No. 3, pp. 105-1009. overcl ad
fiber optic couplers are disclosed in 25 European published patent

appl i cation Ny Q30A24°p208:48 aevilld! d:g! BhoFolhd 1T 0! ARRGANREN SN
passi ve devi ces95dn34d (Tapdiorh and 46502 fBehan et 3K7, 341 (TayI or)

and 4, 765, 702 (Dohgg Ehe a?iscussmn of paskife daSeiised %ﬁn@%@'% def' ces
haV|ng regi ons__of erent refractive index,. the relatiyve, ractive

index 5 di f@féﬁE@nFeFﬁfrB%Hﬂé%rﬂ-'iW-rr&p%r refatiye FF‘?MVG\/&“ ex
i ndi ces n[&rr ]dﬁlféraheér Al ﬁef:wemd W materials with [¥fijactive

(1) . For r’r‘ﬁﬁlﬁgfte a;)%ﬁgsgrefélg&g’k%r L Is often expressed in per

cent, i.e. Coupl ers exhibiting diverse
spectral coupl i ng c’Feﬂl tf siuf@n as achromaticity, narroivlband
wavel engt h di gy Eﬂi&i eafnax mnd t98 ikdh Safrd¥sed inf peped from
optical paths or |bers havi n &:1 %’Eﬁ er:ent propagat-i on constantsS. The

af or enent i one&eﬁét:eﬁtg‘aﬂﬁe nAERd &SNS  t each that two optical paths can

be provi dé& W thupléesréxhibitimg diveesenspectrdd apagdiingn const ant s,
by provi di th d C ' I Qns ths with
di fferent CrOg@%ggg?e%%%ﬁlggeé\gé%r&sg%?:?lggmggf.&i@,r raé{wve I'ndex profiles.

20 Cer t sianvedénghb divishemtnwitdplesingi (WpIe) fémsi sheadike, canagbi eved
P%d?gg!soylrﬂgsff?ﬁéa ?E&h”&péiéﬂi‘tﬁé/tt@ Urefw&rs hawilf HiFFer@hkact i ve

dding refractive ndex difference can ethg sol e
ef f ect em:” oyé’&"’?@gﬂﬁga nconstants. '.l‘he a orement:.one patents an

publications teach that two optical paths can be provided
with a AB, i.e. a difference in propagatlon constants, by
providing the core and/or cladding portlons of those paths
with different cross-sectional areas or different -
refractive index profiles.

20 Certain of the aforementioned cpuplin'g effects can be
achieved by employing fibers having slightly different
cladding refractive indices. This cladding refractive
index difference can be the sole effect employed to obtain
a AB between the fibers, or it can be utilized in

25 combination with one or more other effects that change.
propagation constant. '.?his index difference can be
characterized in terms of A, s . the value of which is

- obtained by substituting the cladding index n, of one fiber
and the cladding index nj of the other fiber for n 'and n,,
30  respectively, of equation (1) and solving for A. The
. required value ‘of Acyags €N be obtained by adding a dopant
to the cladding of only one.of the fibers or by adding
different amounts of the same or different dopants to the
. ¢laddings of the two fibers. Certain devices, such as the
35 achromatic overclad coupler disclosed in said related U.S..
- patent application S.N. _ ~ , require a very small value
Of Ay.gs¢ PAMElY less than 0.03%, to obtain the desired
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a between the fibers, or it can be utilized in 25 conbination with one or

nore ot her effects that change propagati on constant. This index -

di fference can be characterized in terns of [err] the value of which
S obtai ned by substituting the cladding index n[err] of one fiber

and the cladding index n[err] of the other3fiber for n[err] and n[err], 30
respectively of equation (1) and solving for [err]. The required val ue
of [err] can be obtalned by addi ng a dopant to the cladding of only one

of the fibers 8RB 98ddRg HerefqfReanditahaskeenicanientdonad, PIactieRnt
dgpagg S toht heto emplegldsﬁgﬁc@faé ehel waslél @Eﬂé§s a@ﬁittﬁi @n}iﬂ.\dycﬁ%paﬁﬁ§h as
t he achromati ¢ overgl ad. cou cl psed i rel.at ed

pat ent appl i caf® Sﬁ fouonne (prr ?@9&3‘ 99‘@?§/ eLraqrdve ln&?"[%’?r]
nanely | ess th&e emDBQV Gep g%g Khethesllhd to increase the refractive

- 3- al ygaek J:Préﬂze @taa%rse wheﬁaé %.ifé(}:iwl‘iﬁ'itdvp%llugréft'ce

to enploy silica as the base glass and such

fluorine or B éena&eﬁ]r?‘ﬁ"r%rtq I?@tPéPrﬁb,?l@%s;‘lrlﬂﬂ’eﬂaéf“e of ABe &%pl oy
GleO[ err] WhPZOShag b@enlcfkﬁfiallm?f&%ﬁ?lbﬁedéﬁﬂwtsu&l as B.ogdex of the b?ﬁe
ass. en a ive oW V. X equi Q ain the
gesi-red val ue g;l S{’g#’?%/', (%/?62 %n&‘ﬁg’% g‘é"e‘ﬁ ﬁf‘?'lf tdhy ?’t?v(??rﬁ 5? ﬁgbgﬁ& such
as Blerr]( errlarge effecoromeefmactdve] indext hdt idee thexeforkey have a
relatively dlfﬁi@@l@fé&cdemérefsh%ﬁt aéiﬁaﬁ %h tie | atlﬁerBEQE§s&
19

difficult to dellver such d l@gn s.in precisely controlled
amounts that afenkEebled g PH@ neceseaé:ryr @ chenggdtReof the base

glass to an exteftactivé cirddx of thhobasevgmssswaﬁ anTedtent| gasfocidémtr] .
1o provige AU a1l BEGek WETAION . An obj ect of

this |nvent|on PsPER provi

15 Summary of the Invention

An object of this invention is to provide a simple,
accurate method of modifying the refractive index of a
region of an optical device. Aﬁether object is to provide
20 @& passive optical device wherein at least one region '
thereof is formed of a base glass containing a dopant
having a very minor effect on refractive index. Yet
another object is to provide an optical device wherein the
, mechanism for changing the ptopagation constant of an
25 - optical path thereof has negligible effect on the mode
field diameter thereof. A further object is to provide a
" single-mode fiber optic coupler, the connection pigtails of
which can be coupled with low insertion loss to system
fibers. Yet another object is to provide a single-mode
30 achromatic fiber optic coupler that is characterized by a
very small change in coupled power over a wide band of
wavelengths.
_ The present invention broadly relates to a passive
. optical component having adjacent regions of transparent’
35 - material. Such components exist in the form of fused
fibers, overclad fused fibers, planar devices and the like.
At least one region of the'component‘contains an amount of



accurate nmethod of nodifying the refractive index of a region of an
optical device. Another..object is to provide 20 a passive optical device

wherein at | east one region thereof is formed of a base gl ass
contai ni ng a dopant having a very m nor effect on refractive index. Yet
anot her object is to provide an optical ddice wherein the mechani sm

for changing the propagation constant of an 25 optical path thereof has

negligi bl e effeﬁ on th tJgode fi d d| neter .th eoff A further object
is to provide §hloring {j\ }%Gﬁtf?% ecc%’fillEP PRECQUTARGS.i on
pigtails of thebeact. camebadf;augm*ectemtdnd ALY riaea.udenat oksadgto Srstem

fibers. vet ang{%&%e&m GlajbBeh? &;sﬁbaafievﬂ.w%g(\}%% BREAs 3eadif WO Wik ! Der

optic coupl er 1S C cterized ange I n coupled
power over a wiBel ‘%ﬁﬁjaofllght Rﬁ‘?@#@f@ﬂ% region and #ﬁelﬁ%%é?ﬂel nvention

broadl y relgt egdjfcentdIeyiva of r@ﬁd&ﬁ.véqm&e&hahaisnﬂo@éﬂ'&gﬁﬁ tH@ ons
of transparent 35, mat.er i %bQFSUCh t(.;eﬁﬁ;ér{)onents exist _in ta? f fused

fibers, overcl$% ‘f‘l&e‘&gﬁ gpa%zlx LESHRes ARy AFRTIARGES 2wich the | east
one region of jheemtitpondhe sdjrcénts regimmwaft the’ second path contains

- 4- chl ogh Ngncitte o &R offn@lﬁ.ﬁ.’flgl%{xﬁ:prtbcihcggﬁégr ?}frcfcttl%r eof .

The adj acent regions ma){) i nc[ude east acent

optical waveguid@epdhshezgef &9 aulalye gr%&?@l'-‘u&éé“ﬁh?g‘?ﬁ@ﬁ%t i on
region ang At igdask n@f ihadaamﬂénﬁ wgala:rpbfr eheagiiye paiex gt is

Iowerthanth eI| n._regqio acco.r nce with the
I nvention, the hﬁf%eé‘rﬁe P’ nolPZ ﬁf@a%m:&?d'nﬁagh Sﬁﬁfgllﬁ%rtl n anmount of
chlorine suffi mmumﬂullenCOEaeedifﬁeneefaeam propagatidexcotjstranits her eof to

a val ue great ‘E@é}‘ C n2 t FL=e|Mery
the fi rstg pat h eﬁeé ‘ehe E?%é?e%\%dé%beéct%\?ge%q?‘e r]egﬁdgg %%’ftcgggng&gt Ieast
partially the p%#EﬁboIPétPoFa% bg rqhdan eﬁr op9Falt O?P%cﬁﬁttéﬁt

15 <chlorine.

The adjacent region of the second optical path can be
formed by'depositing a layer of.glaés particles, subjecting
the particles to a chlorine-containing atmosphere, and
consolidating the particles to form a chlorine-contaihing

20 glass. If the adjacent region of the first path has been
formed by a similar method in which deposited glass
particles have been dried in a chlorlne~conta1n1ng
atmosphere, the particles employed in the formation of the
second path must be subjected to an amount of chlorine

25 greater than the amount necessary to remove water from the
partlcles.

One embodiment of the invention concerns a flber optic
coupler comprising at least first and second optical
fibers, each having a core aﬁd a cladding. The fibers are

30 fused together along a portion of the lengths thereof . to
form a coupling region wherein at least a portion of an
optical signal propagating in the first fiber is coupled to
the second fiber. The cladding of the second fiber
contains an amount of chlorine sufficient to.increase the

35 refractive index n; thereof to a value greater than the
refractive igdex n, of the cladding of the first fiber.

The difference between n, and né is at least partially
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between the first and second paths. The adjacent region of the first

path can be chlorine-free , or it can contain 15 chlorine. The
adj acent region of the second optical path can be formed by depositing
a layer of glass particles, subjecting the particles to a

chl ori ne-contai ni ng atnosphere, and -®onsol idating the particles to form
a chlorine-containing 20 glass.- If the adjacent region of the first path
has been f or med a siml t hod i.n which deposited gl ass

particles ha/keTRAAF1 eeéqrnaag&ﬁgg’?‘??ﬁ? dShPEPRAGRLLON canffaRtS e, the
particl es enpbeyesn theh€iretmand osecdnd Fdbers.second pat h nust be

subj ected 10’ an agyl:)QhallbobENene 1 A1 BLr AP LIBATDU gREgTAY 1O

renove water from ment o

i nventi on corfequis 9ff Pbéprépﬁr cusuallsh @t deasbnPr9sivy &. ressltingst and
second opBi cafrom a proeess eaplopeyifur & r¢2hg €né @.&iﬁd@ ngrothe fibers

are 30 fused_taqgether Ion ortio the | en ereof to forma
coupl i ng regl%‘#%ﬁé‘r arg épaﬁégg%) ﬂﬁ"om&ﬁ of‘rﬁrﬁ"ge abig &Xeeptyfor
propagati ng ithe i fifierencei bar concaminatidnsoof chldeimedmndhei ber. The

cl addi ng of t %{g}_l h n uf ficient
to increase tv.ﬂfad?gf@ ?‘ggtglé,ge I ndex %F’g ?QF#W r}%#{)x% \l}"a k-' th raeater t han
t he r ef r fiheks aA&exdﬁféer]nbfotth@ @ieaagchg o1 onders tPstFB prthe  The

differend® bqtéeﬁi&ea[ 8 krep8fcé [ A Hropagatibsaddndtahitstland/or .
- 5- ‘ res ence in. propagation constants bet ween

ffer
the first an cLS‘ Fizﬁg?gtens ticS. . The cladding of the first fiber may
contain a resi duabne embodimenbfof ther ilnventlz‘smmlﬂqrmdse&st af. 04 wt. %

resul ting 5 odd@iibd PYACESIpEIR!| R ekOUn | iR bA0dh Blgar £8"

certain applications, I'dent1 ca exce
di f ference i PaSEnOENDAKELBNG1FS iavdngna refrartive 1ndex n,. At

15 jeast first and second optical fibers extend longitudinally
through the elongated beody. Each of the fibérs includes a
core surrounded by a cladding of refractive index less than
that qf the core but greater than n,. The cladding of the-
second fiber contains an amount of chlorine sufficient to

20 increase the refractive index nj thereof to a value greater
than the refractive index n, of the cladding of the first
fiber. The fibers are fused together along with the
midregion of the matrix giass body. The diameter of the
central portion of the midregion and the diameters of the

25 optical fibers in the central portion are smaller than the
diameters thereof at the endfaces of the body, and the
cores of the optical fibers are more closely spaced at the
central region than at the endfaces to form a coupling
region wherein a portion of an optical signal propagating

30 in one of the fibers is coupled to the other of the fibers.’

In a specific embodiment wherein the coupler possesses
achromdtic properties, the difference between the
refractive indices n, and ﬁi is such that insertion loss is
less than 4 dB in each leg thereof over a 300 nm range of

35 wavelengths up to 1565 nm. The difference between the
refractive indices of the claddings of the first and second -
fibers of this type of coupler is such that the value of
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; _
cl addi ngs thereof. Oher applications require that the fibers also
differ in other respects in order to obtain the 10 required difference in
propagati on constants and/ or spectral characteristics. One
enbodi nent of the invention pertains to an overclad fiber optic coupler
whi ch includes an el ongat ed body of mais-i x gl ass having a refractive

I ndex n[err]. At 15 least first and second optical fibers extend

| ongi tudi nal |y t hrough the el ongated body. Each of the fibers includes
a core surpgyndedisygreatexidiiran gfeneiusciess thanxOr83%.tWhATein that

f th but t 2 25 12addi f§
of the core ug arggfsauwen(ﬂ rL]n, 4 cl4addiragsetmt Bea cotiptens, ftimer

contains an a chlorinedsuffi®ient 40 20 ipcrease e.refractive .
i ndex n[err] tN@ﬁ@&f°f0Aala@gL§P2H¥éuQﬁ ess Fﬁéﬁ FgeuFe rgégi$e i ndex -
n[err] of the cl addrugeaf fiber f¢osplers dndevertadf cbaplieasecanshd

t oget her al ong pwi t h .t ; | ' o] e

di anet er of St hé‘.ormedcgﬁt Pﬁ?vg%ﬁgg#?orjfé){%t;qﬁogggé%énggggé?ge?%ﬁag%f ga?asc}(l)f
the 25 optical ofi bbichi comprigesta oy urFouadedshil aeFlafddinghbaving a
di aneters ther gleraktibe T@Hééﬁcﬁwé’xf: ¢h ke o#néhkh@ore. CPREScRhAdiNg

optical fibers are nore osely spaced at the central regi than at .
t he endfaces t&fférﬁF8°B§u Eiﬁée Eﬁb?%ﬁﬁ?ﬂ?ﬁﬂ%&?e?ﬂ ﬁmBBP%iBE Sgggﬁlﬁﬁtica
si gnal propagatsufgid@entntoninofedde thdarefractivepindexonfhtherbef ©éd 4 he
fibers. |.f} [ el €,C0 p
achronaticlﬂroﬁgﬁbgegfgggéfd#ﬁ?gpgﬁ%e efhee%%tﬁgldgQ n?e??a%??vgiﬁﬁgfﬁis
n[err] and n[ewof] a £ixathof htkeifitkexson Bagddons of thes§ibasf 8rEB in each

| eg thereof oveyispo3BE B &PAECHPLs e rarRitdiishs puBnBOatebheatied THE
di fference between

: th efracthg i ndi.ces of the chadd' ds of ,the first
and Second - Causenthe BFeéﬁF§rT§%% HOK se%°|§u§ﬁc SPRERSE (258 Be of
is greater thamnieaeybpegiess timibal. O%$iozheas be applipdrtd thegfesedr
than zero ?gt'd%?%a&939e818§9%o“98££i£h elongated coupling region of
- reduced diameter.
To form an overclad coupler, the fiber portions that
are to be fused can be inserted into the aperture of a
glass tube having a refractive index lower than that of the
20 claddings of the fibers. The step of heating results in
the collapse of the tube onto the fibers.
The second fiber can be formed by depositing a coating
of glass particles on a glass rod which ultimately forms
"the central portion of the fiber. The coating is subjected
25 -to an atmosphere containing chlorine, and the coating is
consolidated on the rod to form a second draw blank from
which the second fiber is drawn. ,
It is often desirable to form the first fiber by a
technique that results in the retention of a small amount
30 - ©of chlorine in the cladding. More specifically, the first
fiber can be formed by depositing a coating of glass
particles on a glass rod, subjecting the coating to an
atmosphere containing a giﬁen concentration of chlorine
that is sufficient to dry the coating, and consolidating
35 the coating on the rod to form a first draw blank from
which the first fiber is drawn. When the first fiber
contains residual chlorine resulting from the drying



[err] equals (n[err] - n[err])/2n[err]. To form3 dB couplers, the

“value of [err] should be | ess than about 0.025 % Fused fi ber
coupl ers and overclad couplers can be 5 forned by providing at |east two
gl ass optical fibers, each of which conprises a core surrounded by a
cl addi ng having a refractive index |owsr than that of the core. The

cl addi ng. of a second of the fibers contains an anount of chlorine
sufficient to increase the refractive index n[err] thereof to a 10 val ue
greater than tdmeaesis,athevecahiled pirgidles depositteddingthe formatiomst of

the fibers. Py iwgs s@f:ohhedfrabeﬁﬁazﬂ{ 8is sulfﬁ'e%‘%‘é&e@o' BnSbefoRynhakde
relatlonshlp and are heat ed Cﬁ.SE&é redetehnlned portions to fuse

t oget her i nt o GPntainipg; §r9°?‘é§"|‘5’ﬁatm & rdhec khake 15pHreBGCE oth3R
fused-15 uni ttdtey gisehooohoefitration £l Ccmaie&d::.mlanl faperedreingf

pduced df BIel g scoases. fosule, L ThEAUSHAIA cioMal Bopn UBdLkDB ooy ons

t hat a n- be i nser tass
t ube havi'ng a % @émdad:Lveti ndeghlonine timrthehaxladﬂmlgeomthsl fdyshgs of the

fibers. The sijferof heatlng results in t he collapse of the tube onto
" the fibers. he_second fi ber an be faqr % %QSItlng a coating
of gl ass partlcIesAbHSHa§I5§§u+EEW%ﬂﬁ QMqﬁqiéﬂéng ipg ic cAUPLERS g

portion of thesd ithat. tEéeftbetsrggtenénﬂg(ﬂhﬁﬁéf&Bm_t@eﬁerabdDSphhéeeln
COML 1 Y Gy R8 e R8e b BB ot APEMILAE"L, GOk E: 500 6o o1 T

‘a second
i s often desi miHich theyovidlnkefeonrneqtadk ipprder tot miénimgge that results

in the retentihndctiofMibssanopsh eHhmple CRiHY blesibet asaﬁ.leaeél agd thdre

spect 1 cal 1y, 0e L3 a1 analaPhe "k Dyl Ao0 L J5ROSHELDY Foco ! 10 O
at rmsphere corﬂzﬂ:sﬁamgml@yvthecmrﬁs dthoxe of ahktanderd flbtehat One -
b o ntp,o.4E o 915985 Bea g S bledlon! BE €A HBAER e
the first fi baverclaéoﬁpuphgrr@émehma cHiandard.r G@Mﬁrﬁgaﬂﬂ-wnﬁt’ﬁélélb% ng
fiber. It is an advantage of the present invention that
the incorporation into the cladding of the second fiber of
sufficient chlorine to prdvide a Aclads_value less than
20 0.03% results in substantially no change in the mode fielq
diameter of the second fiber relative to that of the first
fiber.

" Brief Description of the Drawings
25 | ‘
Fig. 1 is a cross-sectional view of an overclad
coupler.
Figs. 2 and 3 are graphs of output voltage v.
stretching time for couplers having two different overclad
30 refractive indices.
Fig. 4 is a graph of the coupled power slope (centered
around 1310 nm) plotted as a function of Aciagse
Fig. 5 shows theoretical spectral response curves for
51ngle-w1ndow and double-window achromatic couplers whereln

35 Ablads is 0.005%.



-7- process, the coating particles deposited in the.formation of
the second draw bl ank is subjected to an atnosphere containing a
concentration of chlorine that is greater than the given concentration.
Conventional fiber drying 5 processes result in the retention of between
about 0.04 w. %and 0.1 wt. %chlorine in the cladding of the first
fiber. A usual requirenent for céFfain fiber optic couplers S
that the fibers extending therefrom referred to herein 10 as "pigtails",
be conpatible with nd r S f

connected in order ?%amﬁ y%ﬁ%cgﬁgégt %gﬁe'f‘atm% exa é’iqﬂété%ﬁ the

out si de di anet &empAgal h\éarlatlrﬁménf PergentafeurledpowRr cbumra trhegt ails

shoul d" be stetanihgl o é&iﬁ:l%e@hahhboa@fpér@n@tmsi Jf One 15
of the fibers enploged Iﬂ [ he fab rha ﬁ rn%ﬂﬁm Iad
coupl er can_be a stah¥arfl, 2% MHEAR II; §§?F%\’B9e"°n’u’f Stre

advant age of t ratpsesent |nvent|on t hat the incorporation into the

cl addi ng of the sec [ err]
val ue I ess than 20 g gB resu t":gmlprlrl 23&&?5%{5% Chg% éjﬁfa%r%eqér)rw Ci%ﬁn
field dlanﬁpebcpadghe second fiber relative to that of the flrst
fiber. Fig. 9 #¥ iefrdPeaetink Qﬁd@f{ f@fﬁ@vmncas n%i-standard
Fig. 1is a crg ﬁ sectlﬁnal vi_ ew, of an Quer s Ier Fi gs.
2 and 3 are gr ApRET of"BHeYRA \ﬂﬂ99598°99 er o t? ﬁqﬂs'for coupl ers

havi ng twot®i f f er enFigsertdsk? 30 lustratei aehromht:m; couplers hakigg fore a
graph of the CQH?hegw&%tss'a%o%n%CEﬂhe{:ﬁg eof. around 1310 nm plotted as a

function of [err ows t eoretlcal spectral_ _response
curves for si ngF¥9 wi holF &Gr&ﬁﬁﬁﬁécﬁﬁﬁﬁ%\/ whel sttd Carddgieaivs tiber ei n

35 [err] is 0a@@bfooptical fibers have been inserted therein.
' Figs. 14 and 15 are schematic illustrations of two
15 steps during the formation of an antireflection termination
on a fiber.

Fig. 16 is a schematic illustration of an apparatus
for collapsing a capillary tube and stretching the
midregion thereof.

) 20 Fig. 17 is a partial cross-sectional view illustrating
the collapse of the glass tube around the fibers to form a
solid midregion.

' Fig. 18 is a partial cross-sectional illustration of a
fiber optic coupler after it has been drawn down and sealed
25  at its ends.

Fig. 19 is a graph illustrating the spectral insertion
loss curves for an achromatic coupler produced by the
method of the specific example.

Fig. 20 illustrates a fused fiber coupler.

30 Fig. 21 is an oblique view of a planar coupler.

Description of the Preferred Embodiments

The drawings are not intended to indicate scale or
35  relative proportions of the elements shown therein.
In the embodiment shown in Fig. 1, each of the optical
fibers Fy and F, has a core of refractive index n,
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- 8- Fig. 6 is a graph which schenptically illustrates the

tenporal variation in percent coupled power during the stretchi ng of
coupl ers having different values of [err]. Fig. 7 is a graph
illustrating non-uniformstretch 5 rates. Fig. 8 is a graph
il lustrating the effect of chlorine agJerr]. Fig. 9is a
refractive index profile of a non-standard “fiber enployed in the
coupler of the invention. 10 - Figs. 10-12 illustrate achromatic

coupl ers havi nemmmueded byhabtadding @rfi sefiramtdveniindéverianfer than n,. Fig
13 15 @ CrosS-fesidaaalngkeur O iler @i |af'Hd)’ Fy-Beve di SfdRIntORdEAHIVRCT S

have been |nserte t herern, are schematic
i | lustrations HAIGRS D5 a§@e‘b§' cﬁﬁﬁﬂ?&tﬂﬁ’@lﬂor Fhei Bﬁl‘éﬁs S ¥hdchefrect i on
termnation  sudH thati eBe. propagauorFlc@msl-.&nlts of stiisyatfiibersd @§iffaly on of

i dr 661 on Bheritheygxeent MR o U HE R AR 10, P e,
illustrating t Mo fokinapbe dgviides off Fig.t leeaacmmlhn Im‘eflolmr dsto forma
solid m dregi Ofprmed by th 5&&#%@%& Rar L@l p Cr{?ﬁﬁmﬁﬁﬁdl& sear‘Jég'E ation

of a flber optlc coup it had been drawn an 5 at

its ends. e O Qhelgefﬁa%“@’redﬂ-ﬁ“%el"l Bt P&t YRECR Hes d§ss: thrn tbertion
| oss curves fm‘emcmbéomi@esmﬂoltere Fidduc edaldiide. Whetehlsodhoket he

specific exan% tions of thé! #ipers e l:ét"éiadl&% ?r&nf&?eeq:\fﬂenge%%Bgyl ption

Fig. 21 id0an qué Vview of a pl anar
of the Prefer rhgyeEpgggeqpmg coatlng material (not shown in this

illustrative embodiment), those portions thereof within the

tube have no coating. The original diameter of the tube is

dl‘ The midregio’x} of the coupler preform is evacuated and

15 heated to collapse it onto the fibers. The tube is
 reheated and the ends thereof are pulled in opposite
directions to increase the tube length and reduce its
diameter. The combined rate at which the two tube ends
move away from each other constitutes the gtretch rate.

29 The central portion of the stretched midregion constitutes
neckdown region N of diameter d2 where the fiber cores are
sufficiently closely spaced for a sufficiently long
distance z to effect the desired coupling therebetween.
Region N is illustrated as having a constant diameter even

25 though a slight taper exists therein, whereby the
longitudinal center of section N exhibits the minimum
diameter. Draw ratio R, which is equal to d1/d2_, is a
critical parameter in determining the optical
characteristics of the particular device being made. A

30 Preferred range of draw ratios for achromatic overclad
couplers is between about 3:1 and 10:1 depending upon the
value of Aéia ds and the amount of power to be coupled. '

. Tapered regions T connect the neckdown region with -the
unstretched end regions of tube 0. The duration of the

35 heating period for the stretch stép is shorter than that - -~
for the tube collapse step; only the central portion of the
midregion is stretched. '
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The- draw ngs are not intended to indicate scale or 35 relative proportions

of the el ements shown therein. In the enbodi nent shown in Fig. 1,
each of the optical ~ fibers F1 and F2 has a core of refractive index
nferr] -9- - surrounded by

cl addi ng of refractive index |ower than n grr]. The cl addi ngs of fibers
"F1 and F2 have different refractive ices nferr] and nf[err],

respectively, the values of which are such that the propagation

constants of those ki bgréoﬁi’éﬁeional ptrgcweeetsbe:ﬂénm&ampuﬁ Qsi@rrﬁ\lisde
achromaticity.

|.e f
formed by threl:*ﬁllcrgl)é1 tFP%e?Eolcf[ eg)r"fdlf—l[ gﬁ?] "‘?ﬂ‘r‘gﬁ%“’@? ag UO?P aﬂae ormis
tube 0, the reimlsveswm.‘e&enq Hy .Swhpahents|Nes. thaiP24idl2 and

refractive indf ceg gh?t hg, -fg@e,ﬁgzl e, ”9§te Wﬂﬁﬁfﬂﬁca{@f&? N, gworti ons of

the fibers extendi fom the fube prefera ave_protective coating

material (Bot ?S'H('}v% A Arand Intqu’laG%Pf‘éﬂ-l EBg%’éPr%rH‘) W &4/ 04822 ons
t hereof withi erﬂtfnemoréub@ommmaeeabfaen disloyed)i iml feliabamiker of the

be i f f A, d-and
15" heat ed 1 o e aH R iRl ta13yr pERHELE it uEeor BYRCOOC 0
the ends ther axsintaocd fun¢teions. odpsyitebly prvgxammeshDigitialc PBRsd1+-8 t ube
l'ength and re%Qﬁ'oLtf'ém utexd'@dfﬁtlfér ut 1182680 NS&r- £l @eé@'ﬁﬁc’tﬁ%&"‘“ t ube

ends nove away frome ot_her constitutes e stretch rate
central paoti dEdngt ﬁBes'E%é‘? GRld apsgr é&ﬁoﬁtﬁ%mlﬁftﬁ%%/ the e #2981 68%nthegi on
‘N of dianeter td{ber areVZBEf Pxddecd |dmpueereeoﬁtﬁolled stfddes .enthe amoafty

spaced for a s &ggﬁgﬂgglﬁggﬁhm hgt 'ﬁ?%?e%f t&%dd%%l red

coupling thereoo avi ng -a const ant
di aneter even azﬁuewaoggv\era csha@qten:apsncexiswnxmlelm detieamdned: by

injecting light energy into the input fiber of a coupler

15 preform and monitoring'the output power at one or more of
the output fibers during the stretch operation. If a 2x2
coupler is being formed, a light source can be connected to
an input end of the first and second fibers, and a detector
can be aligned with the output ends thereof, the fibers

20 being manipulated to maximize the output power coupled to
each detector. During stretching, the input end of only
the first fiber is connected to a source, and the output
ends of both fibers are monitored. The detection of a
predetermined ratio of powers at the outputs of the first

»5 and second fibers can be used as an interrupt to cause the
computer controlled stages to stop pulling the sample. If
a 1x2 coupler is being formed, the second fiber cannot be
accurately positioned with respect to certain detectors
until some light is coupled thereto from the flrst fiber.

30 An achromatic coupler can be made by monltorlng only the
output from the first fiber. When the output from the
first fiber drops to a predetermined value, the system is
instructed to stop stretching. An élternative procedure
for monitoring 1x2 couplers is described below.

35 After having determined the proper stretching dlstance
to achieve predetermined coupling characteristics, the .
apparatus can be programmed to move the stages that proper
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| ongi tudi nal center of section N exhibits the m ninum di anmeter. Draw
ratio R which is equal to dlerr]/d[err], is a critical paranmeter in
determ ni ng the opti cal characteristics of the-particular device being
made. A 30 preferred range of draw ratios for achromatic overcl ad
couplers is between about 3:1 and 10:1 degdmdi ng upon the val ue of
[err] and the anpbunt of power to be coupl ed Tapered regions T connect
t he neckdown th he s.tre i ons_of tube 0. The
duration of trfggjgggﬁea i Jgs%%'? ‘?rd't“gt %F?F&ﬁaE B 9% SYRFEBIENthan t hat
for the tube @supdgss thap; amlfgothwecmdabrpdetenmmédthe " midregi on

is stretched. characteristics. The timing seguenc s that HiVe d
i s conventional E'Flﬁ ice, to nonitor outpuyt S 0 control uﬁF cess
c

steps in the réh abrication iaf 2 Part&&‘llééstmee@f mm)ﬁm
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84/ 04822. er nor e, "Conput
systens which S&GP§H§’@¢?—:@H§/ neguiged socmakenthat mn:tlculamrdduy:llei:uaﬁﬁl ons.
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to performthese functions rin tube C st eps,
the ends of tREeform g, ‘%ﬁréj%é‘f’f‘mé'dm?ﬁugéﬁﬁﬁif%rc qXfl- eFhet pyocesThe
anount ) o Of paramétérsntHax damcl bet gentubmeasby bighes \Hanfpsuitesd ttel enﬁuﬁ&h' eve
given c aract ectin | ght energy
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power at one &aspblew grates, ﬁlﬁé &bﬁpuateloemams iaty wihiehs tthet shageeratlon

If a 2x2 gqyplﬁdlﬁmthgrgggplgrlbggf SRuUrce can be connected to
an input end of tgﬁ{ i.,rst. and s ber s, and' a det ector can be

e
aligned with the ﬂi}'{ &?&'&cﬁheﬁéﬁf 1sth%1'f‘9b}'@4%e is a 3 dB coupler,

15 for example, the st:etchlng operation is not stopped when:

- the output power from the two fibers is equal. Various
parts of the system exhibit momentum, whereby stretching of
the coupler preform continues after the stage motors are
instructed to stop. The coupling ratio therefore changes

.20 after the stopping signal is generated. Also, the coupling
characteristics may change as a newly formed coupler cools
down. Experiments can be performed. on a particular'iype of
coupler to determine that coupling ratioc which must be used
to generate the interrupt signal in order to achieve a

25 predetermined coupling ratio after the device cools.

Following are examples of the various stretching
operations that can be performed.

A. keat the coupler pfeform,-and stretch it at a
51ng1e rate until a predetermlned coupllng has been

30 achleved. :

B. Aftefvsubﬁecting the coupler preform to a single
heating step, Stretching_it at differing stretch rates
until a predetermined coupling has been achieved. Two or
more discrete stretch rates could be employed, or the

35 Stretch rate could continually vary with respect to time. -
This stretching technique has been employed to tune the
power transfer characteristic, i.e. the amount of power
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20 being mani pul ated to maxi m ze the output power coupled to each

detector. During stretching, the input end of only the first fiber is:
connected to a source, and the output . ends of both fibers are
nonitored. The detection of a predeterm ned ratio of powers at the
outputs of the first 25 and second fibers_ggn be used as an interrupt to
cause the conputer controlled stages to stop pulling the sanmple. If

a 1x2 coupler is being formed, the second fiber cannot be accurately

posi tioned wi t’ar&ﬂ§ﬂ@ﬁédtﬂcﬁ1€rﬂlﬁl AngateeiBes to thetdd t RANE i beHhdur ng
coupl ed theretgﬁ% P e first fi onatlc coug%e%ﬂcan be made

2 pondg, erapoFrs CYRES F o i i reR,

by nonitoring Hout put
fromthe fStset¢htng Qpenatlpo.a predetern1ned val ue, the systemis
instructed to stop str akle gsgﬂg ghoni toring
1x2 couplers is des%rlég tfqb Céug £ ﬁPé%g?ﬁég&ﬁ 1N eter%?%ed t he
proper str &t chPhECHF d°est8°§cﬂ?€%%vﬁr%@%t2§¢QQﬁ9§mééﬂﬁl¢¢Epllng.

CEar acteristi csehé@e the ﬁmﬂmahmdeaﬂcgeamogéﬁfwd d %egeu%e %f@e&!}ﬁ.ges f
t hat proper t i stance the_fabrigcation o
subsequent The hedtand ﬁf?’egg SF %‘Tfé‘l% AHenBgSt gfe

char act eri st i ctemmeratunrs 29 gaqdeﬁéesenhatenmmm:s.usa‘he first ramhe

fabrication ofs&mtgﬁa@h §soéaﬁoy@|&6n&a& bhe sameeQEF
separate multiple conmand f conputer recalls at run tinme.

The col | apde PE &% r@t@i‘?ren"— sHEEE*‘tﬁ%?‘*%fe Nexqithad tyonhrat tand
particul ar couptestciinsteps conléxbeUperformediccessi on by the conputer on

T ouBl s ¢ neu IR BERAEREAY JROMAEL & SOURL LSl P ccecs
reprodu0|bll|tvseiwirmnuhhwgfpwméslandofehp%r@nunl§IS- Thegatrétahingt es,
and the rate Oépél?éi%r?tlé"@e%okﬁﬁlﬁ%1nate&’§ft&n§oﬁé {ieiimdine coupl er
preform 15 amount op %ogvee\frl has Qeen coupI ed to teheI Sseacond fl}georu.p eE‘rcr
example, stretching could be stopped after the coupler
preform has been stretched some predetermined distance,
such as between 90% and 99% of the total distance required
to achieve the final coupling ratio. The second fiber can
20 be connected to a detector, and the power coupled to that
detector can be maximized. Thereafter, a second stretching
operation can be initiated, the interrupt signal being
based on the rafio of the two output signals. -The second
stretching operation is preferably conducted at a final
95 stretch rate that is lower than the initial stretch rate.
Alsco, during the second streteh,.it is preferable to employ
a flame which has a lowei temperature and/or which is less
focussed than the flame employed during the first stretch.
Tube O can be characterized by the symbol A,_3s the
30 Vvalue of which is obtained by substituting n, and n, into
equation (1). Commercially available single-mode optical
fibers usually have .a value of n, that is equal to or near
that of silica. If silica is employed as the base glass
for the tube, a dopant is added thereto for the purpose of
35 - decreasing the tube refractive index n, to a value lower
than'nz. In addition to lowering the refractive index of.
the tube, the dopant B203 also advantageously lowers the



15 for exanple, the stretching operation is not stopped when t he

out put power fromthe two fibers is equal. Various parts of the system
exhi bit nmonentum whereby stretching of t he coupl er preform continues
after the stage notors are instructed to stop. The coupling ratio

t herefore changes 20 after the stopping siLggal is generated. Al so, the
coupling characteristics may change as a newy forned coupler cool s
down. Experinents can be performed on a particul ar type of coupler to
det erm ne t hat sofitphing peint tdrperatuse bﬂeﬂgsﬁ to atf}awe{cﬁi& tdiht%n
interrupt sign n.er redet erm ned coupl i ra
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coupling has bgen 30 achie ter subjecting the coupler
preformtoa s ﬂﬁl‘éerta”hé?ﬁ’iﬂfbseﬁ &, méYrE?cﬂ?ﬁbriﬂi’l%tt%WYn@

rat es unt i glaspreiket eisisufficdeptlpghisd thee ohdiussl s1hentdy mor e

di screte stret el eye [t 3p:,Stretch rate could
continual ly va?f Eé%ﬁ?res é%t Qg g?ng¥ QOrg%ﬁ g£§t$i&%ﬁﬁrﬁfﬁe§ iI*‘que has
been enpl oyed F u@t#ﬁ§t¢ﬁﬁ alsqpdgeemplaved eto chowert the dtube riefrractiiee

amount of poweindex. Suitable tube comp051tlon re sio doﬁE&'wH$h }
transfereqqd rogythe |,€ Rt fiber tg gout}g}ut Per durd i FSt
power transfer®ty€te HP2% ST SPPEcTLEM, O- Eﬁr%ﬂRﬂﬂﬁﬁ$a§&éﬂétr§nWt-
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glass, whereby it excessively deforms the fibers during the
15  collapse step. The value of A,_; for standard couplers has
therefore usually been between 0.26% and 0.35%. Suitable
achromatic overclad couplers have been made from preforms
comprising tube and fibers exhibiting refractive index
values such that Ay_s is within that range. However,
20 process reproducibility is enhanced by employing preforms
haviné 02-3 values above that previously employed range.

To demonstrate the effect of the overclad glass,
reference is made to Figs. 2 and 3 which are plots of the
voltage from a detector connected to the output end of the

25  input fiber during the manufacture of 1x2 couplers wherein
the values of Aq-3 are 0.36% and 0.48%, respe?tively.
Referring to Fig. 2, the output is initially highest at
point a since coupling has not yet occurred. As the ‘
stretching process is initiated and power begins to couple,

30  the power remaining in the input fiber begins to decrease
at some point in time after point a. At point b, the '
detected power is such that the computer controlled stages
are instructed to stop moving. A few microseconds iater,
the stretching step is terminated (péint c), and the

35  finished coupler begins to cool. During cooling, the
coupled power begins to vary until it finally stabilizes at
point d when it is sufficiehtly cool that there is no



S 2

second stretch steps can be done at the same stretch rate 10 or at
different stretch rates. Mre than two heat and stretch steps could be
per f or med. A species of stretching enbodinent Cis especially
useful in the formation of 1x2 couplers. The stretching operation is
tenmporarily termnated after sone mini nal=1¥5 anount of power has been
coupled to the second fiber. For exanpl e, stretching could be stopped
after the coupler ref orm has _been stretched sone predetetrm ned
di st ance, Lurthers qhangse o FHF SRt %%e(ffraﬂ’fé"teotlgfigﬁi ‘é’l"gﬁt‘:'é &é‘?}ui red
t o achi eve t hecdupladr.cou iing postsiible THey saperdmenitatioan 20 fowmconnect ed
to a detector, e s s t n Xi m zed.
B BN SEOWRLRE SF Jifidn is WARHIA! 2D ARNoPEHE

Thereafter, a I'n peration can be_ i1 nitiated,

i nterrupt si grmsifeﬁdlgva"el%ﬁgd byncapgingithe strekehing geepation dimal s.
The secondg sedp A€ idne RAVRIteLRiNEd [HRIPLink werherdenbadses.a final 25
stretch rate that hﬁ}lower han t

he jnitial ,stretch.rate. . so, durin
the second stretch,*1g B2 aBEehf‘% coRRidpg ratio; f‘gﬁg ﬁﬂ?ﬁmn%aostda °
| 'ower tenper atthe coupler Warclbe eskessially fedimisetedhby uhélizime enpl oyed
during the fi : Sl
uring the 1isle 3 dives of isgﬁfggbgbtggfg,gﬁ§‘é§§5ee&eé' 18deR Ve

synbol [err] t val ue o . substituting n[ferr| and
nferr] into thedakue P B, Cdfna@reatsy thapapbalte Ositfgl eThbde opti cal

fi P_er S UIS]E;{%' ! ?/sfﬁyﬁiazl l&f&@cﬂ‘isabﬁ%}ué&a&;@daﬁnt Fi@][. Beﬁlr‘]xereirl;t hat gf '
silica. silica is eml gyed as.t se ql ass for, the tube, a dopant
i s added theréﬁfﬁ’iﬁn‘fﬁeﬂ{ﬁﬁﬁ&él@ff%aﬁc 2SR5 FAZ-t Go& Fefractive index
nferr] to a vateprdsemted by tphdmed| ceférerce aduherads.t oThewempugt tofe -
refractive indexydleq poudie Hetifs t%udRAYe Beepblifken’] &heocomputer |

advant ageousl y . ) . -
soft eni ng poi necntgrpiked \Ftadesi SE6P POVIRG At PHBReP 'vhdRd the {hat of the
fibers. Thies e@f@é‘&ﬁﬁﬂ% Seeieliisfiterakhetdd tae point eol.l apairhggofodting ube
onto.the fi ertszhe tcr:]oeulgfef p%w%srs varies only slightly until it stabilizes

at point d'. After the stretching has stopped (points c

and ¢'), the coupled power will more predictably reach

point 4' than point d. .

20 A theoretical analysis was made of 3 dB couplers of
the type wherein AB was obtained by fiber cladding index
difference. Coupled mode theory was used to model the
behavior of the -achromatic couplers [A.W. Snyder and J.D.
Love, Optical Wavegquide Theory, Chapman and Hall, New York,

25 1983]. In accordance with this ‘theory, the mode field of
the overclad coupler is assumed to be a linear combination
of the fundamental modes {; and {/, of each of the fibers F,
and I:‘2 in the absence of the other fiber, i.e. with the
fiber surrounded by overclad index n, only. The mode

30 fields and propagation constants can be determined exactly
for such a structure [M.J. Adams, An Intro_duction to
Optical Waveguides]. _

The cotipling constant which describés thg optical
coupling between the two cores can then be written as an

35 overlap integral: | . )
c =S @ygyrim - naa (@)
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flows around the fibers without distorting their shape. 5 For certain

purposes it may be desirable to enploy a tube - glass that is
sufficiently hard that the tube slightly flattens the fibers as |t
forces the fibers together. Fl uorine can al so be enployed to | ower the
tube refractive i ndex.” Suitable tubelTonpositions are SiJerr] doped
with 1 to 10 25 wt %B[err]Qerr] Siqerr] doped wth 0.1 to ,
approxi mat el y uor i and SiJerr] doped wi.th conbi nati ons
of B[err]Jer II]“ 5%5 eq“atﬂ%r ae® 3\&‘@21 3% 4he mode S&P%ﬂﬁu?fo BR,tWae

anount of coBpsy ri Gt nj* iawreatbel radidluk stancesufiomi theé tentsnf tofn t he
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refrgctive i ? galu %b £|s within t
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pref or ns bﬁvthg ¢aupllervdbutsnabavt ishanlyr achegetry evet oylesl coxege.
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Figs. 2 .and 3 are plots rom a nect ed
to the .out putbénﬂ°’€iﬂa]tllf¥@d23n thbstequatdongy di- ﬁg the hategrrls ‘/fi ARy 2

coupl er s er ghf bmhuequgi igr r] are 0.36% and 0. 48% respect ively.
Referri n o Fig. ‘g he, out put hi_gh a since
y %"c ng is€? ed %eé’\ré‘FEFc hgﬁﬁ"’ﬁr%@é@éﬁ r}1sn| tiated

coupling has not
and power begadeqmmteﬂqupiodpled by s sming aewenstant | draweratinitoveirbar

begins to dec |s suc %_h 9_ gml itl dd Wy ?&]&ﬁg &Q{Eggd@ tiis p0| nt b, the

det ect ed powe e conputer cont
i nstructed tolgtl‘é’é)hnﬁn%gasﬁx“l“bﬂg nkat dheoddamesesrof reg.’@% l%t"rfeti"é,llm-ng

step is term pajsdedmtiant overatke téreride liah@tﬁhﬁd OfhiDd %fp;kﬁﬂtfﬁlﬁt}il@ncom
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-14- increasing function of draw ratio, and thus the behavior of
a coupler is dominated by the behavior at the highest draw
ratio. Using this approximation, with the power launched
20 into core 1, then, as a function of z, the length along the
coupler axis, the power in the two cores is glven by

P,(2) =1 - F2sin®(Cz/F) (3)
and - . - o .
Py(z) = Fzsing(Cz/F) (4)
25 where the factor F is given by ' . ,
[ b= 83? ]"’2_ o |
F=1{1+1\{2C < (5)

. where B, and B, are the propagation constants of fibers Fy
30 and Fz. respect:.vely.

Optimal achromatic performance was defined, for a
single-window dev1ce. having a center wavelength of 1310 nm
and a width of SO nm, as being the point where '.

' 22(1297 <5 mm) = P2(1322 .5 om) = 0.5 - (6)
35 The achromaticity was defined as '

P,(1335 nm) - P,(1310 nm)
75 7).

Achromaticity =
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further change in stress or refractive index within the coupler. 1t is

possi bl e, by experinentation, to forma coupler, the 3 dB point of
which is within 10 nm of the desi red wavel engt h by causing the
stretching operation to 5 stop at sone predeterm ned coupling other than
50% The meandering of the couplinggLati o upon cooling of t he
coupl er can be essentially elimnated by utilizing overcl ad tubes of
sufficiently high refractive index that the value of [err] is greater

than about 0.4% Thi $hdOcoehBéd Inictegodblieatsi Gsdd |tesdereeniine &ig. 3
wherein refer letters simlar to {h f F|

represent ed by Sf’lﬁgégl?ef%?%%ceé Roteds!'s. fed %?1 i O?m\ﬁEgongug gower
begi ns to decr ewekeamagei eoncernirige coypper eParameQﬁIfﬂ egel bésstiagéswgr

gﬁv' ng at IOOI Nt abne téigdséi'ﬁ‘déﬁ Sidreltial Bguéiéias' s Etﬂfeﬁ“tiﬂ' tedtsalaseamaa c’
ring cooling, e co Wer varie unt i
st abi Igl zes S J te bsi ﬁtsﬁan ‘fe& i) QPFﬁ%aﬁl‘ﬂbg?ﬁ?rgF& géﬁ"C‘BSanéb%r

and c'), the cohpktdgpavesreVrddine efpdepinct abhe coxecland clpddingd' than

poi nt d. 20 . E@‘a&?f@éeiﬁ{gaéesa%al BB niAe Y tined GE £RUPL2EF0GE

t he -type wher ei RS &FT ai ned yflaer gin
Coupl ed node t handylwABS43%d xespestdvele It was assymeds tbﬁé fthevnBsic

couplers [A W §a¥d£ae§e§c£1 Q:o fibekO¥e, e@épeaéna\&ﬂmux:qladamﬁer1ndéiaaman
and Hall, New York, 25 In acc ﬁi %p his th eorg ﬁ‘germe
flel dof " 10t NeaB,EFERERE I dp -t < THESHRLHE Ho-3 MPRcAFSUBRBI HAcPen

of the fundarrenOaB%m)dm oxdex mdeﬂzemineftmwbmmluéohl bErdraw ratimd
Fl[err] in the a n at h |

surrounded by ogégc?g di]ef\(f err Fﬁm%eicy!d}eb?% ?esr'élsi’&%és

pr opagat i on con§§&ﬁ?§a§%@1 e tdlﬁ @Wﬁ?ﬁlék‘aﬁﬁ‘iﬁleng%r fotch wREeREure

[M JI Adans, Anglkadr pabtds on 'ifl'fbé combORhtLh YA \BHW ‘iﬁ%]i.o ang. couplil
COuRl 10 Cot Blnibh F ASES shU 20 B Eelon 4P G  ad0aDRLUER" 408 1
[err]{(r)[err](rthén tha'achromaticity (the ¥&yiation in coupled power in
percent' per nanometer) calculated for that combination.
As shown in Fig. 4, the theoretical analysis revealed
that the variation in coupled power (at 1310 nm) increases .
20 as the value of A, .. decreases. This is in accordance
with the expected relationship whereby coupler
achromaticity decreases as the difference betweep the fiber
propagation constants decreases. The relationslﬁ.p shown in
Fig. 4 is for é.:oupleré having a AZ 3 value of 0. 3%. For
25 couplers havihg greater values of Ay_3¢ the curve is
dz.splaced toward higher values of variation in percent
coupled power. When the value of Aclads is less than
0.005%, the variation in percent c¢oupled power rapidly
increases. The achromaticity therefore rapidly decreases
30 at values of Aciags Pelow this value. Also, as the value
of . Acl ads decreases below 0.005%, the required length of
the neckdown region increases to such an extent that the
resultant ach_romat:.c coupler would be impractical in that
_ it would be undesirably long and would be difficult to
Y make. ' .
o Flg 5 shows the theoretical relationship of coupled
power with respect to wavelength for both single-window and
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- 15- In this equation, [err] and [err] are the node fields of the two

cores, r and r' are the radial distances fromthe center of the cores
of fibers F[err] and F[err], respectively, n is the index structure of
the entire coupler, n' is the index structure with the core of F[err]
repl-aced by overcl addi ng material of -<17dex n[err], and the integral is
over the.entire cross-section . of the coupler (but n - n" is only
non-zero over the core and cl addi ng of fi ber FEENQQQ The node fields
are assuned t sloublepwindewarPurler s tE dgyayison, @9 PgtggFal s [err]

égha\a/lrngr[err] sle Ll eﬁ'ﬁté| value of d,/a\Vid ¢.ghese ene sinpAectit@onwces, their
adequa suing_a cons t

gi ven coupl i n§19veGt AS aﬁﬁqnﬁbn dullg;(l Wg.&gggqﬁ bit a(rg)l g;:]g‘gﬁra 0 over a

assum ng that ddtisfiedet eThef valye cof Miﬂdz':"‘g 6.2 fqugg,e:mwgmwt he

constant 19 a SEyich 88 399&%53&'1935 requifnks aiChia ¥ iataupl 18O

const ant I NCr easi n raw rati o, and thus

behavi or of be §a(§é§§FLéﬁ for gehe ravel %Egt?‘ﬁe Béﬂa‘é‘?cﬂ'“datlstsﬁenﬂ‘i ghest draw
ratio. Using this meﬁ:e&swaheqaodé\ltihdmtwthataum‘mdr&mw abbat 1,

then, as a fungction t he.l engt h.al ong t l.er, axi's, ;the power
in the t wo coré'é‘ w gflvﬁﬁ B?ede& 8 fé‘rm a cﬁF@?’Ff(‘% &':&f Aclads lts P
F[ err] si n[ err]q.@05%), 3 dB achromatic couplels havimgidlow values of
] r
| ( 2) 25 whdPe Deiad PQ@EFﬁéén mgég l%é\?ixﬁ_{ ‘arralv( ¢aths as. low as about
where [err] artJ:drr] Theedraw ’Efl‘%’ﬁfhgﬁﬂ‘?&? eyRS: APver o‘fm‘f |t@@[ss (Il]f’éﬁr] 30
: gn? F[S”%c re@ﬁﬁﬁ@o‘%ehfmpllng) s:an@tlé? skEetenthg Gipadquiredce WsS
efine or ng W ndow devi ce havi lL.e 1310
nm and a vtv'rllﬁ %‘P nﬁclaésb eﬁsheg pg'?'%t 8"\;\7%‘9 rgg{lom%ﬁ% riﬁtc@e%e
Plerr](1297.5 imjordel| &or §¢h2e9e5tmdas10:ea coupling rat(l@) Although
15 Fig. 4 would seem to suggest that a A qy,4¢ V2lue of 0.025%-
would be desirable from the standpoint of providing very
good achromaticity, such a coupler is difficult to make
since the draw ratio required to make it is around 10:1l.
Also, for reasons discussed below, the coupled power at
20 higher values of Dclads rnay be inadequate to achieve the
desired coupling ratio.
While a coupler preform is belng stretched to form a
coupler, the diameter of neckdown region N becomes smaller
with increasing time. Fig. 6 shows that the coupled power

25 varies during the stretching process. The curves of Fig. 6
do hot bear an exact relationship with respect to one
another; rather, it is intended that they qualitatively
illustrate the relative relationship between the temporal
coupled power curves of couplers having different Oc1ads

30 values. During the stretching of a standard coupler
(Acla as = 0), the coupled power relatively quickly reaches
50% and eventually reaches almost 100%. During the
stretching of devices having greater values of Aciads’
greater time periods are required to achieve 50% coupling,

35 and the maximum possible amount of coupled power decreases.

'~ For a given set of stretchlng conditions including rate of
stretch, temperature of the coupler preform, and the 1like,
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35 The achromaticity was defined as
Plerr] (1335 nm - Plerr] (1310 nm ' Achromaticity =

' _ (7)- 25 nm The
coupl ed node nodel was used to determ ne a suitable range of [err].
Most of the assunptions which wer e +#pgle concerni ng coupl er paraneters-
are based on work done on standard overclad couplers. Fiber Flerr]
was assuned 5 to be a standard 125 [err] m outsi de di aneter single-node
fiber hathexe avidok da adivpslusf of Jgj 1 mEctherhiche thrdcolpdied rpower

refractive indjgss Pdfitds Itk MrL'the PPFS GRHKRE theP@olipi84080wer and
1. 455438, respectivel was assgrrgg hat fi1 ber Flerr
t

. It . was ,
i dentical to fPBEYEF| é"rqx] % R" ©f Y sandigie 3ex]thf'§r7’fluﬁd°f was
greater than e{;}régi isTishowal Uim @figl.e6rio ims (A099%ed Forbhigher valwdse In
order to deter

% he ¢ phatd an dr reat. th fQ

whi ch achr ohat ci%ylaﬁhss’ %éfl?[h %g[ @r’? ?gs\thbs% ﬁtr'sg:apghvﬁgt gggg%fgﬁepeazk of
appropri at e watke¢ eapied power shg¥eoeannot prawvdder d0kosouphéngonbi nat i on
of draw ratio gogkveiPliitNGan be sebRNOhdk Z \Havikes2bistbag1 LAYaiéew (6) was
determ ned, an fth n the achromaticity (the vari agl on 1nh coupl ed
power in gb@é@i‘t ﬁ&e 2P e PEVST ¢ AQ| oft LRt t&BrPHERY on.

As shown in Fi gasxlu,%tﬂwﬁaﬂeobqt istzbtehity s Toupleal peform havinhgtahe f
variation _n cpouple r : re t ue, o

[err] decrlé’aség':ladﬁli‘}s%q'\lﬁ% F%agc??ér%ga%g%ﬂ e %\%I?_i ?’ %gghgogéf)ecgefd@i' a

rel ati onshi p Wekehythadugasr be attazned omithe €irsécpeakes as the -

di fference between gdree cuR®s of FigP’&RAAA contshaslisifeeif@sasy The
relati onship sho

0 35 For b5 Purthar than 6 BrterkReresrAL oo L BPFT At e e L ve 15

specific point being discussed. The first power transfer

15 peak is shown for couplers wherein A,y 4o 1S 0.015 and
0.025. Subsequent power transfer peaks are not shown.
However, if the coupler preforms were stretched for longer
periods of time, the coupled power would continue to
oscillate between zero and some maximum value, the period

20 ©f each subsequent oscillation being narrower than the

previous one. If the curves representing couplers having

Aclads values of 0 and 0.005 were continued in time, they
would experience similar oscillations in coupled power.
The relationship between coupled power and coupling length
25 (which is a function of stretching time) over a plurality
of coupled poﬁer peaks is graphically illustrated in the
aforementioned U.S. patent No. 4,798,436. '
It is assumed that curve t (Aclads = 0.025%) is for a
stretching operation wherein the coupler preform is heated
3¢9 once and stretched at a single rate. If all other
conditions remain the same, the power transfer curve can be
" displaced upwardly to curve t! (toward-greater power
transfer) by stretching the coupler preform at more than |
one stretch rate as illustrated in Fig. 7. By way of
'35 example only, Fig. 7 illustrates a stretch technique
_involving stretching at two discrete rates (curves sy and
s2) and a technique. wherein the stretch rate varies .
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di spl aced toward hi gher values of variation in percent coupl ed power.
When the value of [err] is less than 0.005% the variation in percent
coupl ed power rapidly i ncreases. The achromaticity therefore rapidly
decreases 30 at values of [err] below this value. Al so, as the value

of [err] decreases bel ow 0.005% the requrd8d | ength of t he neckdown
region increases to such an extent that the resul tant achromatic

coupler would be inpractical in that it would be undesirably | ong and
woul d be diffi GRrtipyaddy wighyeespect to time frurve shhws Iheag¢stancecal

relationshi p ofwiatupl edecific @mbEiinkrthdepipeed iR Py el Bpotie f@sudieih
si ngl e- wi ndow

doubl e- wi ndow i‘%&&f’&“s }smp?ﬁt‘f%rat"}d §t§e68§$9aﬂﬂz[%Tth 2 str%\;c\:jl%ra%é:f
val ue of d[err]9.MSecmyses, 6the fatratah giategl ebuiiptiby decrersing s 0.45

determ ned By r&ﬂ‘é‘e&' P81 28UEhé WodPlest Q:rg%org\ ‘bé ab{péilhleq A é’@&iﬁbﬁal

dlerr]/d[err] is 6.2 for the doubl'e-win evi ce as determ ned
requiring an a Ségﬁﬂs equation to - be satisfied for the mavelengths
1310 nm and 1550 nrrFor certaanﬁ‘ét&ﬂlmﬂ@ecﬁﬁdﬁtlbﬂdl cieThdng 2 raw rat i 0

of about form l er, wherein [err] |

0.005% 3 dB ac g g§83§ g \?r'§19§ﬁ%va u%%bfﬁqﬁfpt éﬁ%ﬁ have been
made -havi ng dr awamatfe@spaskl wlasa%bzim third3psak . mighet cbavmcmued:am be
even | over pgor zfe%lé% (:h@saesue& f@dhp%{ogcwahbngé%&m@ | estnad rele iigd S

required. As %é% val ue of éégllncre ses draw ratiqQ nust increase
in order to ac&&elfhBugRspd pﬂh"’\’i’gtgﬁt Edrshy + BHRe ftaetedRg 4 woul d
seem.t 0 suggestopeltatian] pust belstopded al2pYeciselputite beiglesitihd el rom
e SLar POt iack Y, dLRGeVE he aecifed ASHRPIR| fLde. SUEP AfeUBl

difficult to wratro re 15" AT O d
10: 1. Al so,isf gonténvedsten s@ubs@d shorsvaddheionalbl &nqﬁmqf dime,

15 the neckdown ratio may change sufficiently to cause the
coupled power to drastically decrease. It is difficult to
draw such a coupler when output power is being monitored to
stop the draw, and it is almost impossible to make such a
coupler by drawing to a predetermined length. Furthérmore,-

20 the achromaticity becomes degraded when the coupler has to.
be stretched beyond the first power transfer peak. For the
aforementioned reasons, the maximum preferred value of
Aclads for 3 dB couplers is about 0.025% and the maximum
value of Aclads for a power tap is about 0.03%.

25 In view of the value of Acores that was required for
the achromatic fused fiber coupler taught in the '
aforementioned Sweeney et al. patent, the above-defined
range of Acyads that is suitable for achromatic overclad
couplers is unexpectedly low. It appears that the presence

30 of the overclad tube enables the achievement of.
achromaticity with relatively small values of Dcyags and
that a value of Ociads larger than 0.03% would be required
if no overclad tube were employed, i.e. for a fused fiber

coupler.

35 The low range of values oﬁ Acjags that was determined
by the aforementioned model has been verified by
experimental results. When couplers were formed having
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20 hi gher values of [err] may be inadequate to achieve the desired
coupling ratio. While a coupler preformis being stretched to form
a coupl er, the dianeter of neckdown regi on N becones snall er W th
increasing time. Fig. 6 shows that the coupled power 25 varies during the
stretching process. The curves of Fig. 6 -20- do not bear an exact -

relationship with respect to one another; rather, it is intended that
they qualitative illustrate the relative relationship between the
t enpor al YRSt Poden agyr PeLoB 2k %095kavnRgwas i $@rent [err] 30

val u?asd Dur i ngisdiayreifi Ftanhi puilf)chJﬂia'@M@Qggfyaﬁpﬁoachéd elﬂﬁt: db a Lhe
coupl ed power y . 50% and eventua r.eaches
al nost 100% éﬁrﬁ%&ﬁéﬁg&uﬂ!é&st r%é@ﬁﬂr}_‘%sg}avd‘é\?i Belchads nﬂa S AERE, ues of
[err] gr eeange fnabputi 66815% cexhidiitedd anoinseitien S¥ss @fpllexy 35

and the maxi MEAHPSS AR Ena8RENT1&) QRIIIGD RRYeL ﬂegm%f‘én e of FOr 2
gi ven set oOf stretchi nBFcondl t |f§$ﬁ| ncluding rate o s%retch, _

tenperat ure of%WdYRIeOGEBFeP ptR MWd the |ike,
- 18- there wa hubtber ofil advaritdges rebaltWBieh tHe Wi taaade’

: 5 , _
biven set of aOALNEE O &0 Die TiplesR RV ERG P AL uamalien o 6 1o
be 0.015% Forcan digeconaegbed withildqwldss dnth the OsHes. tIOmoef iafsu-_lh_power
Honever, L8 aihers, chthe M G o LR e 0V R e
i nput power, f%la@saﬂﬁi'éefédf/lb&%%' rﬁ°§htexamPR§as€tl“§/ Hadding $pdex efchi ng
a coupl er p(ry eftdrendther nfibed ) of aron-standaraf f%@ﬁﬁ%&%ﬁ lrdJ.tftﬂég'aE%ﬂi ed
'I[I)'(rjl\gerculr\S/egoo;Z tTfijl‘.“gtf. ogvgir“%esn%%}?%aon %&E&aﬁ)ﬁaﬁqﬁ, Q;R/é&‘fz }ﬁﬁ#@r than' t he
ext ent necessdop-ssapfiardtfiber tgxhibits substantially the same mode
15 field diameter as the standard fiber. Since the diameters
of both fibers are substantially identical, the
non-standard fiber, as well as the standard fiber, can be
connected to the system fibers with low loss. '
It has been found that chlorine has a sufficient
. 20 effect on the refractive index of silica that it can be
used as a dopant in the cladding of the non-standard fiber.
Since the change in refractive index per weight percent
dopant in silica is much less for chlorine than for .
conventional dopants suc_:h as 8203, fluorine, Geo2 and the
25 1like, chlorine can be used to provide precisely controlled
refractive index values that are only slightly higher than
that of the silica to which the chlorine is added. .
Furthermore, the use of chlorine simplifies the process of
making the nopn~standard fiber since it is conventionally
30 employed for drying purposes. Sufficient amounts of
chlorine can simply be added to the cladding redgion of the
non-standard fiber in conjunction with the |
drying/consolidatio_n process.
The standard fiber can be made:by a conventional
'35 process, such as that disclosed in U'._S. patent No.
4,486,212, which is incorpérated herein by reference.
Briefly, that process consists of forming on a cylindrical -
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specific point being discussed. The first power transfer 15 peak is shown

. for couplers wherein [err] is 0.015 and 0. 025. Subsequent power -
transfer peaks are not shown. However, if the coupler prefornms were
stretched for | onger periods of time, the coupled power woul d continue
to oscillate between zero and sone nagéyyn1value, the period 20 of
each subsequent oscillation being narrower Than the previous one. |f
the curves representing coupl ers having [err] values of 0 and 0. 005

were continuednifdtdl® poBhs pref®ithlebrPLid Al % TdPed Feg@dhi hhathons in
coupl ed power. . . .The relatio ghlg bet ween coupIeCéI1 wer “and coyplin
length 25 (whilipilavex St eLandrd Fassn MRS iTASY ’%\?lerlsarﬁl“ﬁf’ﬁ rtdnd  of
coupl ed power phakesudtgnapbiubalay préfistmaisedyradudldy insekeednintoomed

U S. patent No s i : erg]l =

0. 0255 {5 foroofsoiiietin furnace mitels, MO Hh it é%&ﬁ%%?*u%éféﬁm s
heat ed 30 Soncehigh ist betwren ggo& ang| B79¢1¢ and prefiergpbpyr about

condi Td : ons renriso@eo&amggt 1 et o €86 T agalr vqfh@a%elggera_tufléﬁpl aceﬁ '
uprer Y (0, U et IR IEER) s DBlene 5t S Shbadl, SEGESSTARS, ("0
By way of 35 taughtl dnoll.§, Patent’ Nol usi168 223, sihiehclist énborporated
i h a0y RGOS <k dhot 1L e (A ¥ beion endl©11))
-19- 10c orfRinigym FopFentratinkthat tisnrqauimed £0) achjevecdryitnge
with a specififa@Bdupphicded cties prefoin by A1RIIGQURNES the PFEESHE 1S
heated and stretched 0.2.cmat a stretch rate ..0.95.cnysec,_the
stretch rate aDRUPTES GeSF¥4RY 9PS f@%t’g’%r‘?ﬁié@w 8niihg£€‘65p‘rf er
preformis stredliimed pexcedtii chborine. Theéeminof the aperEureckst ain .
stretching congy dfRs +ol B5hsd! e HdL¢d £1ow \Wirdudh| tABOPte Pofit B8 L s. -
hi gher, a subsequent power

15 A helium flushing gas is simultaneously flowed through the

muffle.

The resultant tubular glass article is stretched in a
standard draw furnace while a vacuum is applied to the
apérture to form a “"core rod" in which the aperture has

20 been closed. A suitable length of the_rod is supported in
a lathe where particles of silica are deposited thereon.
The resultant final preform is gradually inserted into. the
consolidation furnace where it is consolidated while a
mixture of 99.5 volume percent helium and 0.5 volume
25 percent chlorine is flowed upwardly therethrough. The
~resultant glass preform is drawn to form a step-index,
single-mode optical fiber, the entire cladding of whi¢h
comprises silica doped with a residual amount of chlorine.
When the cladding is ¢onsolidated'in a standard downfeed
30 consolidation furnace, as described above, about 0.04 -
0.06 wt. % chlorine is normally present in the fiber
cladding. _

The ndn-standard fiber can be made by a process which
is initially identical to the process by which the standard

35 fiber is made. For example, the core rod, which cdnsists-
of a solid glass rod of core glass, that is optionally
surrounded by a thin layer of silica cladding glass, is
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transfer peak such as the third peak m ght be required to 10 reach the
desired coupling value, eg. 50% Since the third peak is nmuch narrower
than the first, the stretching operation nust be stopped at precisely
the right tinme in order to achieve the desired coupling ratio. If
stretching I's continued for only a shere@-additional length of tine, 15
the neckdown ratio may change sufficiently to cause the - coupl ed power
to drastically decrease. It is difficult to draw such a coupl er when
out put power idnbsiaglyofermedd thd porousi dpvenecfrailicmdranticles sst

inmpossible to WRkBsEHER Sn the CEMP) YnddXhdr @%agstpafe:prﬁsies&wm&%tbengt h.
Furthernore, 2Q the achr mml %% beconmes de radeQﬁyu% e cou Ier has to
be stretched bdPofll EHROFPRLYE RRRTAITHDG: ARy 2BEURT c iﬂflne greater

af or enent i oned theasthat whitkchaxouldnhe aeeessdryafor dfying purpdsesar 3 dB

coupl ers is_abgy ghfgéf/ﬁ?@oﬁé@ﬂ{?ﬁﬂﬁh@ﬁnhn th¥ af ei]jciagj nfﬂfmaaceoxﬂ@r tap
yaly

i s about 0.93% e valu was tequited

for t he ackeBhtpliled e Provide d'd'{?pldéﬁlt'éég @ ehah; 1 OM&eent i oned’
Sweeney et al. aﬁéhﬁﬂtoftélﬂ@ebﬂl@ €ieit ned 1ncorﬁ6ﬂﬂ€e&f1nt[&rt!ﬂe Hadle g3 glass

suitable for a hron&tlc overc coupl erdegbunex Sbedly | ow.
appears that tHEPEPESRRR S‘ff“r’o"?uﬁ RFGPECCFRRSt %n%rﬁgfﬁ %Eﬁ"é‘?@ﬁen
of achr onatempeyatutd arad atempenatnel prmﬁkmesoﬁftﬁ&ﬂcqnsnﬁidatlohhat a

val ue of ([)ﬁrér] fh@ﬁg tﬁ?@ @org%,ﬁé'%iglgngeorfegﬂlwﬂin%sand foxﬂfﬁf dnt ube

were enpl . OM/ran e
of val ues of [éﬁﬁ] thﬁa‘fa%soﬁe’efé'ﬁﬁm of the Pﬁ‘éf%fbﬂé?‘ﬁ'éhtﬂ@wédlrmél- has

been verified e poréx t@ém Hion o¥'eRe COLPE SYTH wwm faas@ed having
- 20- vaIugg & er r haut 0059
i nsi gni fi cant £HAFC

W”a?pﬁ?&%ﬁ%ﬁ‘{’ﬁﬁ% o gaph suchiasq

coupl er. Coupkbas ahwwmg:.m l{:s;r]s wanude genprated for a given standard

15 £fiber. For the specific relationship shown in Fig. 8, the
standard fiber cladding contained about 0.05 wt. %
chlorine. Therefore, about 0.2 wt. % chlorine should be
incorporated into the cladding of the non-~standard flber to
achieve a Ociads value of 0.015 %. This chlorine

20 concentration is determined by reading from the graph of
Fig. 8 the incremental increase in chlorine content for the
desired value of Ablads'and adding 0.05 wt. %. If desired,
both fibers could be of the non-standard type, i.e. both
could contain more chlorine than standard,.commercialiy

25 available_fibers. For example, a f\,j,4q5 Value of 0.015%
could also be obtained by utilizing fibers, the claddings
of which contain 0.10 wt. % and 0.23 wt. % chlorine.
' If the non-standard fiber is made by initially forming
a core rod comprising core glass surrounded by a thin layer

30 ©of cladding glass (containing a small amount of residual
chlorine) and the outer cladding glass is doped with a
larger amount of chlorine, the refractive index profile of
the resultané fiber would appear as illustrated in Fig. 9.
The radii of the various layers of a standard fiber might

35 be 4 um core-radius r;, 10.5 um inner cladding radius r, :
and 62.6 um ocuter radius . Because of the small area of
the inner cladding layer, the refractive index of that




range of about 0.015% exhibited an insertion loss of less 5 than 4 dB in
each |l eg thereof over a 300 nmrange of wavel engths up to 1565 nm

A nunber of advantages result fromthe unexpectedly -l ow val ues of
[err]. Couplers having low [err] val ues can be connected with | ow | oss-
into the system One of the 10 fibers can-d® a standard singl e-node fi ber.
To provide a [err] value of 0.015% for exanple, the cladding index of
the other fiber (or non- standard fi ber}-nneed differ from f. the

standard fiber BRY8H| jeed omp e tagrengidaratdon U@Fne§ﬁ?ﬁl"?¥mg
substantial ly t kfeSarRdaDis ﬂeffrafctakzd ﬁinaesex erThext tikg thendffdctiber .

Si nce the di aneters t s q?ﬁ} | e t he
non- st andard fi ngraﬁgl‘\ﬁﬁl%)e’p fl Qﬁ fjé tdcgag%&lq ng%ﬁ%eclga
the systemfi beuessam:halmttmﬁme as thatl‘?f tfé’@ Heaierr besHeenar,cANGr | ne ,
has a sufflcgemr 20 effect on the refractive index of silica that it can

be . used Tas a3dopant I n the, claddi ng of the no -stand rd fiber
Since the change in FEf}SIqkRA |%xaﬁg B?Gt,eéh e by pertain
silica.is rruch If&b&rfman@facﬂumﬁst Iuanréduce the:mnmmu cufalchalopanesmuch as

Blerr](err], I [ a used to
provi de preci sef; % %f %ﬁedse d gr ac |\f/(2w?¢1 ex vglq"ll?glél t%oﬁ g‘rsggo |y
slightly hi gher Japanese Kokaik Nsr. tﬁﬁé2§5l3lh t A fmeingh fikerchrdr AnBure added

Fur t her nor efdo thg ;438 0k14ddRd NByS taabvihg%ﬂ@%mr&qw thkrefroikabsut he
non- st andar

pur poses. Su;}Pgaéﬁ%n;ﬁ%iéﬂi§zﬁg%n&gaih g?|9§?4§ﬁ1%ﬁrﬂﬁFgegeggéﬁéﬁg g?he
cl addi ng reglonachléhe a 0 -shandaoﬂ 0i0E5 $.n ¢kmjeveeti 0t hashbeen
dryi nglconsol | 436l 9&9&% resepce ofEnFSAMIA Y ghg%hs@e engers &y 2
conventi onal Brocess sucﬁ’ TRSt |sc ose Rge
4,486, 212, . whi cnonplenc&mSatr@@ ﬂétélﬁ 8y pefeffaate on COUBELPEf Lgsst hat
process Conf$5t&m@fa&éﬁfﬁéﬁhlﬂkﬁ%pcbklEéﬁbﬁﬁﬁg chlorine from coupler
fibers would therefore be an unnecessary expense. )
' Whereas 2x2 goupiers are illustrated in Fig. 1, this
invention also applies to other configurations. An NxN
coupler (N > 1) can be formed for the purpose of coupling
20 one fiber to N fibers. A 1x2 coupler is described in the
specific embodiment. "More than 2 fibers can be joined at
their waists to form an NxN coupler. Sometimes, one or
more fibers are severed from one end of an NxN coupler so
that a plurality of fibers, unequal in number, extend frqm
25 opposite ends of the coupler. The embodiments of Figs.
10~12 are schematic illustrations of coupled fibers, the
overclad tubing glass having been omitted for simplicity.
The presence of an overclad giass is indicated by the
symbol n, adjacent the fibers. In the 1x3 coupler of Fig.
30 10, standard fiber S is coupled to two non-standard fibers
S+ and S~. The refractive index of the cladding of fiber
S is negative with respect to the claddlng of fiber S,
whereby the value of Aciads of fiber s with respect to
fiber S is positive. The refractive index of the claddlng
35 of fiber S~ is such that the value of As1ags Of fiber s
with respect to fiber S is negative.



-21- mandrel a porous preformconprising a core region and a thin
| ayer of cladding glass. The mandrel is renoved, and the resultant
tubul ar preformis gradually inserted into a consol idation furnace
nmuf fl e, the maxi mum tenperature of 5 which is between 1200 and 1700[err] C
and preferably about 1490[err] C for h+@#-silica content glass. The

t enperat ure profile of the muffle is highest in the central region as
taught in U S patent No. 4,165,223, which is incorporated her ei n by
reference. ChlorineItnkhenlxd gprRediment of hBig®. It dn%uhZcoMBEntrati on that
IS required to rsfaeeéver Yhadgx of thanylhddingpylaesk tof tﬂiebeprsetsé‘r fsbguch
flowng into t r r erture deyi Si. St ot .helky and
about & voltHE SBcurtusFE AciadsThS ShnEE (ST HEVE bl ko ELbE A7
pl ugged to cause ishpogitive. f IBiF+ H2oshawshehat fihenisp & earelprefierablem

flushing gag | Sqialult apgesd! arddavgdbelr Ugh the mitfle. The

resul tant tUbular glass article is:stretched in a, stcggdard draw, f ur nace
while a vacuumi s aHBFF@ﬁSt’bh?_r%referrﬁge?‘?ﬁ?@?g"f%n gfe, ZESULES whi ch
t he aperture hdn 20 colipter chasiay optiealt fiiber | migtidilsf ekkenddegi s~ -
supported in he r s.Cl f_Sidd jat on.
The resul tant fﬁhr?aflf%%)gf o%i%%téggl ﬁislg nasééjfiégitg{ (;Sv'?'%gigh Sgubi‘&EE
consol i dati on foff fhectwherehexein thenfiberatextend through thexelengatedo. 5

vol ure perﬁsnt iy 8a8s Obduy ButTRnd5F166K GRldh AHeOboRy bhakheued -
upwardly therethrough. _The . resultant gl asszéﬁgrefo&mla drawn to forma
st ep-i ndex, M?%ﬁafse‘?f'rdﬁé"cﬂ:ﬁl fi 5evPLer, Arg, Aiselosed iRgUef - whi ch

conpri ses sili¢aténpsdNost M F TR S2duahdadpien, f9.chiBuriefidty, the\ethode

B L R T G
present in the rodseinto aglags tybe, heating @nd wdxeschingr thei ber can be
e 215 PSSR retom ) Eob gty dachiespneroie ot !
E)f eassol i d gl adftPod B#“E%%gt%l"fgé’f&?ﬁg? ﬁ%atbp‘ﬁ &?Eﬁl"?g tomgh?rﬁﬁﬂ by a
thin | ayer of gsiegioa ofaeasrcmguditasandi the central region is stretched to
form a tapered region as described: herein. '
A method of making 1x2 achromatic 3 dB fiber optic -
20 couplers‘is illustrated in Figs. 13-18. A glass capillary
tube 10 havind a 3.8 cm length, 2.8 mm outside diameter,
and 270 um longitudinal aperture diameter was secured by
chucks 32 and 33 o_f the apparatus of Fig. 16. Tube 10,
which was formed by a flame hydrolysis process, consisted
25 of silica doped with about 6 wt. % B,O; and about 1 wt. %
fluorine. Tapered apertures 12 and 13 were formed by
flowing the gas phase etchant NF3 through the tube while
uniformly heating the end of the tube.
.Coated fibers 17 and 18 comprised 125 um diameter
30 single-mode optical fibers 19 and 20 having a 250 um
diameter urethane acrylate coatings 21 and 22, )
respectively. Both fibers had a 8 um diameter core of
silica doped with 8.5 wt. % Geoz. The cutoff wavelengths -
* of the fibers are below the operating wavelength of the
35 ‘coupler. If .-for examplé, the minimun operating wavelength
is 1260 nm, the cutoff wavelengths of the fibers are
- selected to be between 1200 nm and 1250 nm. All chlorine



-22- initially formed. A porous layer of silica particles is
deposited on the rod, and the porous |ayer is consolidated in an

at nrosphere contai ning an anount of chlorine greater .than that which
woul d be necessary for drying purposes. 5 The chlorine concentration in
the consolidation furnace is control | 83to provide the desired val ue of
[err]. The anount of chlorine that is incorporated into the base gl ass
depends upon vaLi - di L. uch as ihe maxi : enpgrature
and tenperaturgggggﬁfféeﬁﬁﬁfﬁ%ﬂgbﬁ%ggpggai A ﬁﬂcr?%¥ Ace, éque%' iﬁe
concentr at i onsiBitéfal osters £fd they gEAcCensesi of makingl hatdh fibersf wassertion

of the preformhat gamds €hestiGteps ardh8eQOFOSEA Yasbk GRIRRBLhekish t he
preformwoul d al. al

C..affegt th [ chlorine concentration. A graph
such as - thg%%§h6Wﬂl§?P§§ﬁ$n g%cgngbePﬁgﬂ%$e§?mi42#hé;i¥ivenAsféﬁg§rd 15
fiber. Forsth2agercofiglasd gpartiches shopnisingi$io ddped withsgaBdetd
fi ber cl addi ngecC ai : 0 e C i h r ut
0.2 wt. % chl o?iﬁgé%h‘gﬁf%e&itg‘?i ﬁ‘é\g%p%ar(%?%%ﬁ R Zthé%"aéé?%*é & 834
non- st andar d fPREEigles vas,depesited|en the fivstrlayer.s Fhetmandralorine
20 concenlt ratwas iemskeidy lra':ﬁedhbyréeaﬂta?t fﬁﬁf&&@%ﬁﬁ!ﬂn Qgs gf:a&ﬁﬂ%l th]e
i ncrenental ingreas . Qri content.for_t . desi.r val ue of Terr
and addi ng O. Oi")ﬁ&f].:g%}é n“}%rb &eg:&ggﬁ?e AV P17 f@omu&fﬁs 'dge{:ﬁe’-t
non- st andared tyae,dried s lconsolidated corutingutd < lprociess, t aangagandar d,
comercially 3 | | shisher _ - r ' j 15%
could al so bezlgbet(g‘}(ﬁ% &l}hipgz?% S‘F%e%agr%%é%&#ﬁmmg%ﬁg{vﬁ? gh
contai n 0. 10 -winuteh Fitoring and, 859 os¢om helium flowed dpgonthe seemter d

fiber is made hylé Ritidrd [thef MENEAEL had HESH e PR ilﬂghfﬂ{;e?flé ass
anount

surrounded by 4.4 .8 0 addin ass ,(cont.ai ni_.n
of resi dual go'&ﬁ%%ﬁ'}%)e{oaégmt Lﬁﬂbﬁ e?e’gl'gtm‘}q’?d g'ﬂegﬁ‘ml §ngo€e%n£ﬁ"f‘h a
| arger amusnt @Xyaen dliowed upwardly afxow ethendmtonoiofl €hef mufflehe The
resultant fibeapdpiilst JCAaBRatd I UNAIAL Movidilend of endGubdfdt Of the
various |ayers of a standard fiber m ght :

body -was heated to 1900°C and drawn at a rate of about-15

cn/min to form a 5 mm solid glass rod. The rod was severed

to form sections, each of which was supported in a lathe

20 where it functioned as a mandrel upon which 5102 cladding
" soot was deposited to form a final porous preform.

a. Forming a Standard Fiber

One final porous preform was gradually inserted into
the alumina muffle of a consolidation furnace having a
25 maximum témperature of 1490°C. A gas mixture containing 40
' lpm helium, 0.5 1lpm chlorine and 0.5 1pm oxygen flowed
through the muffle. The porous preform was consolidated to
form a draw blank, the outer cladding of which had the same
composition as the inner cladding layer, i.e. Sio2 doped
30 -with about 0.05 wt. % chlorine. The tip of the draw blank -
was heated to about 2100°C, and a standard op?ical fiber
- was drawn therefrom, the fiber being coated_during'drawing.'
. The fiber had an 8 um diameter core and a 125 um diameter
homogeneous cladding layer of silica conﬁéininé about 0.05
35 wt. % chlorine as a residual from the drying process.
b. Forming a Non-Standard Fiber
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35 be 4 [err]mcore radius r[err], 10.5 [err]minner cladding radius

rierr] and 62.6 [err]mouter radius r[err]. Because of the small area
of - the inner cladding |ayer, the refractive index of that

- 23- | ayer need not be taken into consideration when specifying

the cladding refractive index. That is, the,effective refractive index
of the entire cladding beyond radius r[err] 1s essentially the sane as
that of the |ayer between r[err] and 5 r[err]. - -1t is noted that

attenpts have been mmdehky €&hhai Pporous fpheforimMUdAGrIRIAL 10 ihedueeqat he

(seo ' sapandtiiearsorreiiaaf San EoFhacs hA m R arRia mydEad o B2 | Ca
cl addi ng (by r @aximug tempenhtnraecof hb4%¢t0@n) THeogorous @reFomm wischl orine
woul d be ”eede%ubBeEQ@dOE?eénfh?@&r& Flowily Q4 %ﬁ'fh'ﬁﬁhﬂ P% . 015 %

However, itg.has_béen ound e presence o orine 1 n e ShOI’t

| engt hs of abous ér PWbBF%lHEsaP¢t9+§ b ghlamiag. ofheoPerens| oss. 15
The addi tional prie€orafl wasnowhsglidhoed Neo ffE¥R GO\@HRs. blank,i REESowestd

therefore be a ssar xpe er ouplers_are

il lustrated InQE%Qﬁ?%S %ﬁ ¥hich g%@%%ﬁ?%ﬁl%ﬁsﬁf ﬁf ggt&t g? E 5
conflguratlonsWtAn%NﬁNlorlnﬁoupre (@Sulugntxnvﬂmsﬂamdamﬁ'ﬁabethwapurpose of
coupling 20 orsqm&uaertBOtﬁlefs’esﬁaardAfﬂs&%&&l fq%ChhheQ

speci fic epphodi rent ers can be’j 0|ne her r malsts
to forn1anf§qu&63ﬁF§F 1§Bﬁﬁt?ﬂ§§d12ﬁmF?ﬁ1°n cqﬂﬁﬁénﬂPﬂbP?°&Fe°s@§eV§d $rom
one end of an khllocdnpl andsan outéhallzﬁtﬂmﬂdﬂameteﬁ dladdding wegfeal in

Flos. | 10 15°RFRMERng RBSAL, § S0 1} QRPN Cirhe FeReRERIPRCT C

Fi gs. 10- 17°8r eS¢ Irc i ons
overcl ad tubi ngndigss afvthe @b@@ﬂtﬁﬂﬁtQ£iﬁhﬂS:ﬁnhﬁn @ndy the stahéapdesence

of an overcl ad fghagswesel BEEREREL Dihd RPalue of Aciadgs Was 0.015.
15 The standard and non-standard fibers were
interchangable in-thé following process.

A 6 cm long section of coating was removed from the
end of a 1.5 meter length of coated fiber 18. A flame was
directed at the center of the étripped region of fiber, and

20  the end of the fiber was pulled and severed to form a
tapered end (Fig. 14). The fiber end remote from the
tapered end was connected to a reflecfance monitoring
apparatus. The tapered end was moved slowly along its

_ longitudinal axis to the right (as shown in Figs. 14 and 15

25 wherein only the bright, central portion 23 of the flame is
illustrated). As the tip of fiber 20 was heated by flame '
23 of burner 24', the glass receded and formed rounded
endface 25 (Fig. 15), the diameter of which was preferably
equal to or slightly smaller than the original uncoated

30 fiber diameter. A current specification for the reflected
power is -50 dB. The resultant length of uncoated fiber
was about 2.9 cm. .

Tube 10 was inserted through ring burner 34 (Fig. 16)
and was clamped to draw chucks 32 and 33. The chucks weré

35 mounted on motor controlled stages 45 and 46 which were
controlled by a computer. Approximately 3.2 cm of coating
was stripped from the central region of a 3 meter length of



Fl .

synbol n[err] adjacent the fibers. In the 1x3 coupler of Fig. 30 10,

standard fiber Sis coupled to two non-standard fibers Slerr] and
S[err]. The refractive index of the cladding of fiber Slerr] is
negative with respect to the cladding of fiber S, wher eby the val ue of
[err] of fiber S[err] with respect to -2Tber S is positive. The
refractive index of the cladding 35 of fiber S is such that the vaI ue of
[err] of fiber S Wi th respect to fiber S-is negativ

- 24- h Yhe Bhe shsadteentestionyof fibgrg H apgel8 were

rﬁf raclt ive :c ndai(pexi tahfei ol anilng agloans Of étibar &1Sba61]bwa§ sq&lﬂrted t hat
t t t
pogl ;/:avge Igl g[gégé ﬁ% ¢ eé’st [t%m%)largr re %rﬁ% %l’%ﬁ?é‘e %é B5P ngb‘é%ed

around fiber Sthe msertlon/\mom&-he pref erred manuf actur| ng techni que
results g in a caHted ﬂl@érnqvo%50§hséf¢&%f tB glgh! §péi<£&ia€' 1) fruntdy

therefrom the,jnvention al so gpplies to overclad couplers

wherein the fib E?s nsqaked BarddgR vas §¥-B‘|'fb%ﬁdea’ei-9wnﬁFPerﬁ1ia§§ boﬂ}e but

gnd }‘ I usgI Wi t hutidea tetl portdioac ©f coatedlbfitssis 18f g&ﬁkhégdsﬂ%ﬁaéeﬁ@ﬂgﬁ@r ﬁr e
i scl osed in S 4 .and_4,7 4 Brie , the

nmet hod %WIS??asteesfi | nse%'t%1 oyogoﬁﬁ?él ?%bgezr fﬁdp?f“é BOH?b‘é?rﬁr'E?‘fﬁ

rods into a glﬁ@ge‘thﬁ;é tavaxnd r#glbénénét 1ét'§mldgthhect1§tlagu¢ndnteg)xmis3r mto

forma gl 3gs rpécom dedged hen t%@é@é&da?ertuz‘eml@ a @ﬁ&r@ﬁééé{t&ﬁ b@%ﬁﬁn Heat
s applie to t ecga%:q%%,}p I on Kos a and éﬂg? cenrtl regi on
is stretched t9 g tgra 5 FQ@? SposgesinteEmedirte nend A
met hod of naklsngrﬁadbadm«mﬂt 16,3tH8 Gnteatadbport?On of otpatsd fiber 17
Lhwchy 578 LapESfSaphy hugd Sentar i i aperrotdi0 10 B9 817 0 0
di aneter was sEiRpred8yas locaggdkbetveemdnigzegionh2? aapdrendsléfofi g. 16.
Tube 10, 15 wibehoas the Fadeky defé R dNELEOLYELSGRT QK€ SPace@iSi St ed
attachments 41 and 41', which were then attached to the
ends of preform 31. Referring to Fig. 13, vacuum
attachment 41 was slid over the end of tube 10, and collar
‘39 was tightened, thereby compressing O-ring 38 against the
20 tube. Vacuum line 42 was connected to tube 40. One end of
a length of thin rubber tubing 43 was attached to that end
of vacuum attachment. 41 opposite preform 31; the remaining
end of the tubing extending between clamp faws 44, Upper
vacuum attachment 41' was similarly associated with line
25 42', tubing 43' and clamp jaws 44'. The coated portions of
the fibers extended from tubing 43 and 43°'.
Vacuum was-applied to the lower portion of coupler
preform 31 by clamping jaws 44 on tubing 43 while the upper
vacuum attachment was connected to a source of nitrogen to
30 purge the aperture contents. Jaws 44' were then clamped
against tubing 43' to apply vacuum to the upper portion of
" preform 31. i _
The upper end of fiber 17 was 'connected to a
monochromater coupled to a white light source. The
. 35 monochromater was adjusted so that the fiber was provided -
with a beam.1310 nm light. The lower_ end of fiber 17 was
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25 of silica doped with about 6 wt. % B[err]Jerr] and about 1 w. %

fluorine. Tapered apertures 12 and 13 were forned by fl owi ng the gas
phase etchant NF[err] through the tube while  uniformly heating the end
of the tube. Coated fibers 17 and 18 conprised 125 [err]m

di ameter 30 single-node optical fibers 19 g_nd 20 having a 250 [err]m
di aneter urethane acrylate coatings 21 and respectively. Both
fibers had a 8 [err] mdianeter core of silica doped with 8.5 wt. %

operati Ny wavel canipe o8 /R licteotor, uRlch Moumel sl phire B2 Phle Bstem
i v ,
operati ng wavel Sﬁg%h““m RS FoN ePﬁe°§LE}B¥qk5w§\?egg’ﬁg§ Rs of the fibers

are sel ect ed t owbih betweemmuml 2F0 10 acRed 2685 Amcmd bﬁchbebuﬁy ]
- 25- T
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U.S. Patent No. héaﬂSghfél?d 3 .f i FiameB ofaaséu@flawoaaewa%t bshe&eg f,ySI ng
Sigerr]{ doped W|th deposited on a nan

a thin layer of §P€}’Q”H 'Gas %PF‘&'P@% é\%] the “Fé'daﬁnrtaﬁﬁsf pEsP- ﬁa?@?‘“
The mandr el and sy &migen, ardpebeivelyl t arie flames fpoaf pingwbargeadsal |y

nserted | Mo apLUEIRASERYTGANBEHN 53 SULIAE TGRS i) 8B dEi o0 and

consol i dat During thrs ure-con sccm
(standard i ccedhapsrd é?nt&rflbersrﬁ-ﬂumf} %Qll&ﬂ |Sh9Wandn6B®gscl;Fh- hel i um

flowed into themgepégion 27 hctlhe vhateal %"of@ﬂﬂf@f bﬂécﬁefarﬁxgneuéd A
flushi ng gas coni ai n| %pg%lél | ter m nuﬁ_ 2: ﬁl ifumand 0, 5 1pm 15
oxygen flowed ufRBPRE e oﬁ?%‘F GOUPLEE - TRECame a,801ide was
evacuat ed, and ragmmwehemah (shbshentu«blllmrthe entddy denghhatefl £0HbépPH0C
and drawn at a &gtgn@fzoala@ge 1115mutuafné6?x£hétﬁ forma 5 mmsolid glass rod.

The rod Wa\?\'?n evere form sections, each of which vvas sugported in a
e

| at he 20 re it f’tﬁﬁﬁq Gﬁ’@dté}@eacﬁﬂﬁ%ﬁelthﬁa(ﬂ%réhe& betlidthg gas

and oxygen were increased to 0.9 slpm, and the burner was
reignited. Flames having a temperature of about 1900°C
heated the center of the collapsed region to the softening
point of the materials thereof. After 12 seconds, the

20 supply of oxygen to burner 34 was turned off, at which time
the flame begins to defocus. Stages 45 and 46 were pulled
in opposite directions at a combined rate of 2.5 cm/sec
until the central portion of midregion 27 was stretched
1.46 cm. The flame became extinguished after the

25 stretching operation. This increase in length was just
short of the length to which coupler preform 31 would have
had to be stretched in ordef_to have achieved achromaticity
in a single stretching operation. A sufficient amount of

+ power began to couple to fiber 18 to enable the end of that

30 fiber to be connected to a detector, and the power output
to the detector was peaked.

Flow rates of gas and oxygen to burner 34 were then
adjusted to 0.65 slpm and 0.6 slpm, respectively, to
produce a broader flame having a temperature of about

35 1650°C. Twelve seconds after the flame was ignited, the .
oxygen flow was turned off, and stages 45 and 46 pulled in
opposite directions at a combined raté of 0.5 cm/sec to
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soot was deposited to forma final porous preform ~a. Formng a

St andard Fi ber One final porous preformwas gradually inserted

into the alum na nuffle of a consolidation furnace having a 25 maxi mum

tenperature-of 1490[err]C. A gas m xture containing 40 | pm helium 0.5

| pm chlorine and 0.5 | pm oxygen flowed  ~28hrough the nuffle. The porous

pr ef orm was consolidated to forma draw bl ank, the outer cladding of
ositjon as the inner c¢laddin | ayer, i.e. SiQ2

whi ch had t he iangp % _
doped 30 with ABGEPeS. 4BCpEase, U denss PhecOMplsr PReIQFMuAHIknia@boUt yas
heat ed t o about0.R200fer r P@ringdthe ststeggr dheplligak &imbRating FBGm Of By s

therefrom theifi Bgg 95'Qgsqggﬁf¥%f%q£a§91g&ﬁthg The ;@ge% er had an 8

[err] mdiameter core_ and anet onobgen %m%laddlng
| ayer of- silicRPe5AtaPRi Aytamaticallys stopped. wiveohthe| nétag of redwe dual from

the drying proegaical po#erFﬂfdﬂfﬂlbérNQﬂ ebagdatdoFi PEher 18 was 1.
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t enper at ure of moxipger rlpel:aus'meaﬁommempmemenﬁumasa suf ﬁikbiaﬁt ehduhtAlbf
upwar dl y f1 owi QQrQ@éhﬁétéﬁﬁ?ﬁﬁfg@'t%' Bcur BROBEAG1A0M Ebwdil AN Dt | P
r t he

chl ori ne. The porous orm was consol 0 fO
out er cl addirny BFeQﬁl%ﬂp%%n%%QQFeEOUFISF@PEFthdﬁp@M ﬁib¢rsﬂiiuana.28

Wt . 9% chl ofg neatThe10 esml t artie mmtta@dafdtﬁebﬂidf@gmn i fadited &
Tegion cont ai nhe SEETTOR T petasions’ &g EligtEnted Py Aeion [o‘éf'r ??‘%‘ "
di anet er cIadthg r&§i on cont ai ning about 0.2 wt. % chl ori ne. The
refractive i ”d'ﬁﬁéef’ftﬁé‘eccﬁip@.@ﬁ Hgf 8501885 EhONalh Tihel A
fi ber were such that_the value € standard
and non- st andaFEMPYeR R e resultant coupler, and a drops 48 and 49
15 of heat curable adhesive were applied from a syringe to
ends 14 and 15, respectively, of the capillary tube. After
the adhesive was cured by exposure to heat (arrow H), the
coupler was removed from the draw.
The resultant devices couple approximately 50% of the
20 signal propagating in that end of optical fiber 17 at end
14 to optical fiber 18 at -about 1310 nm and 1490 nm; the |
power slope at 1310 nm is 0.077 % per nm or 0.006 dB per
nm. These couplers exhibited a median excess device loss
of about 0.3 dB. The lowest measured excess loss was 0.05
25 dB. j
The spectral insertion loss curves for a specific
coupler made in accordance with the specific example are
shown in Fig. 19. Curve Pz represents the coupled power.
The excess loss for that coupler was 0.09 dB and 0.05 dB at
30 1310 nm and 1550 nm, respectively. The insertion loss was
less than 4 dB in each leg of that coupler over a 300 nm
range of wavelengths up to about 1565 nm.

" The use of fibers having chlorine-doped claddings is
35 not limited to overclad couplers or to achromatic couplers.
Chlorine doped cladding can be employe& to provide the
entire Aﬁ or a portion of the pAB that is necessary for a
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i nt erchangable in the follow ng process. A6 cmlong section of
coating was renoved fromthe end of a 1.5 neter length of coated fi ber
18. A flane was directed at the 'center of the stripped region of fiber,
and 20 the end of the fiber was pulled and severed to forma t aper ed
end (Fig. 14). The fiber end renote fromgpe t apered end was connect ed
to a reflectance nonitoring apparatus. The tapered end was noved slowy
along its | ongi tudinal axis to the right (as shown in Figs. 14 and 15
25 wherein oy 1Wehhgpbétg&1 respinsd suowht ks nwade éngtie dilvisdons
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24", the gl as orne ace .
di aneter of witinehomamope edfrile yEiberse @lapnd 06310k | fusiad f%’ﬁ&l F@Ppg-ﬁﬁn t he

original uncogeeds3@igf i PErcsh B&idped &ﬁurégmrﬁwqtd Ip&:@tvla.dﬁ the the.

refl ected ower 1250 gg The resyl.tant é@q@ﬁ? func s%ﬁ fi,ber

was about 9. 9desired value f A yo140s FAREEFt {hﬂ?ﬁ' ﬁa PRd 1B,
(Fig. 16) sAde-pessidanpelationrand areckeatéd atnl @ rwpidycifuskstheme 35
mounted on notor ﬁﬁ?%[giégg St 1é§m35gd4§eﬂggﬁh W FusedC2BigH, ed by a

conput er . Appr ~ coat I ng S, stri ed fron1the central
regi on of a 3wmsmeun|s t¢P€#S °f the fibers are dispos hin

- 21~ 'é&‘ﬂnoycl;@&l C f&h&ﬁ.‘lmaﬁgoéréswéc&b:ﬁnéathbere

wi ped, and a small ohol nas s |rt he tube
to tenpordfil ;Stlr&GFggat 'é°tg ‘Pl%é?%cqﬁfﬂ”r’hﬁeg e(refdeelﬂ tgn ?’ggé
Coat ed fi ber lal'evveelaﬂs'eelpdcldnse)l;grsmdt.uln adcemamce witht s‘- encoat ed

port 1 on v siialed BebQN e i e oT1Count 1 ARG SO fzal coat o0

fiber 18 was acen uncoated portl on, of coated fiber 17, and"
both were rmven:her P@bg’é@h@?std%veﬁd qQnse refgacliveindeh @ndder ng end

regions diameter, of fiber 62 can also be made different from the
15 corresponding parameter of fiber 61. .

The passive optical component shown in Fig. 21 is a
planar device 70 having first and second adjacent optical
waveguide paths. One of the paths includes light
propagation region 71 and the adjacent surface region 73;

20 the other includes light propagation_region 72 and the
adjacent surface region 74. The refractive indices of
regions 73 and 74 are lower than that of light propagation
regions 71 and 72. Disposed over regions 71 and 72 is a
substance such as air, glass (not shown) or the like, the

25 refractive index of which is lower than that of regions 71
and 72. Light propagating regions 71 and 72 are more .
closely spaced for a sufficiently long distance in coupling
region 75 for coupling to occur. In accordance with the
jnvention, at least one of the regions 73 and 74 contains

30 an amount of chlorine sufficient to alter the optical
pérformance of device 70. If both of the regions 73 and 74
contain chlorine, then the chlorine concentration in region
74 must be greater than the chlorine concentration in
region 73, the difference in chlorine concentrations being

35 sufficient to increase the refractive index of region 74 to
a value greatéf than the refractive index of region .73.

The difference in refractive indices between regions 73 and



&

10 becone wedged in tapered aperture 13. The uncoated portion of
coated fiber 17 was then di sposed internediate end surfaces 14 and 15,

t he uncoated portion of coated fiber 17 preferably bei ng centered
within aperture 11. End 25 of fiber 18 mas | ocat ed between m dregi on 27
and end 14 of 15 tube 10. The fibers wer&3inhreaded through the vacuum
attachnments 41 and 41', which were then attached to the ends of preform

Lo e 10 (98 FL a0 WD 0 LASHIEDL, 1 o0 Sl i end of
agai nst the 20 pmwatmmﬂtnan@mbamgeoohhedmu @ndulsecthd o@tdcamd of

a length of thigagadabie tpakinag 43 was attached to that end of vacuum .
attachnment 41 opposite pref rm 31 |n|ng end of the tubing

ext endi ng bet ween clPF¥iSealL £an BﬁbgPrme by cRhpkekithographisl' was
simlarly agﬁoctewhmhqudd11h QEcaﬁdaﬁEe,wiuhlﬂﬂe4ﬁblwiid§ dHedrawicad - The

coat ed portions t he ed fromt.ubin

Vacuum was appl 1 e %F¥%$TIJA Pas §O%?%§%QO$V {ﬁ%ﬁ p°£%ﬁSPeP%dﬁFgft5?te

cl anpi ng j aws 426 oﬁhatmwmgowwppp@mné bﬁpeeqa.on HacuParaticdelsneft anas
connected to a ?P&E§€sﬁh Qist %‘iﬁ@&at araodeﬁaégeea éh R fe%%s%ankﬁgkéce Jaws

44' were then c WF % nst t g 43. to apply vacuumto
portion of BPE of su strate 8Suppit %ﬁuPQﬁt i Paski7 The ®as ected
to a rrqr@ochxwmvedouphddthe pawhncmeklgflé consolddatea 3b a

monochr omat er V@El@ﬁ%d’éitf?’ges Qt#\gskgggg 1%6 bfémeﬁr (I)lv l7§6d A secong mag am

1310 nm i ght. ower end
- 28- connkgtihen foxmgd: ent §hevxﬁu§ﬁa¢©rthécregm {73¢f andegdgassem

that controls tﬁ&tﬁﬂb&@gﬁBEeOEe§BH§%§d33na€ﬁEEg%posed surfa@EtBoﬁtiaﬁqu10f

10 i nches (25. connected to the t erture, rin
bur ner 34 &as Ifﬁﬁ%ﬁ; t ”95 as well as on the second mask. he second g

15 mask lS removed, and the particles are consolidated in a
chlorine-containing atmosphere to form region 74. The
glass particles can be deposited and consolidated in
accordance with the- teachings of U.S. patents Nos.
3,806,223 and 3,873,339, which are hereby incorporated by

20 reference. Light propagation regions 71 and 72 can be

. formed by any known technique. If water is to be removed
from both of the regions 73 and 74, both can be
consolidated in a chlorine-coﬁtaining aﬁmosphere, the
chlorine concentration being greater during the

25 consolidation of region 74..

30

35



The appar at us Iocatﬁa‘ﬂbove ring burner 34 was protected by heat

'shl eld 3&“‘““““35 “m t 1800[err] C were geherated by suppl yi ng gas
and oxyg

rates of 0.8 slpm and 0.85 sl pm
respectlvely The Iarre fromring burner 34 “heat ed tube 10 for about 25

.seconds. The matrix glass 10 collapsed onto fibers 19 and 20 as shown in
Fig. 17. M dregion 27, the central port32dn- of which forns the

coupl i ng regi orb&%fl Ehe resul t ant coupl er, becane a solid regi on wherein
substantially t entlre | engt hs of flbers 19 and 20 were in nutual
contact. 15 After the tube cooled, the flow rates of both the gas

and oxygen verq i nchepsgdi @ &p&éélprao ehEehQUixﬁ@rad\ﬁécent reRjignist o8

Fl ames having a terTEerature of .aaglm % L h Cte center of

the-coll apsed rEGPSRArgntMatey ea Sof’ & BF9 er n§ fer eof .

After 12 se'i:onckmoutﬂ&eofOchBoq:thq SIffﬁ].)q&gﬂlll to alteertits aptsicalrned of f, at

which tine '}%O%QHE bSEJ'é‘%b&% Q{eﬂ‘?ﬁ Stages 45 and 46 were pull ed
a

i n opposite di et ons & I ne e of 2.5 cnlsec until the
central portion of mdregion 27 was stretched 1.46 cm The fl ame becane

extingui shed afg.er hheoaéonéﬁﬁ ein:radaﬁamaeat woeh cldie 1 neiearsim isaildengt h

t .short of th th f ld h
\r/]vgg {gsbe stre é‘&gf‘ﬁ Bg%? ng C%Wésfcﬁ @ggggeﬁg‘ﬁg O‘E:#néécowl n aa\s/?ngl e
stretchi né-ooperadjlacantAopuiéaJ:WEHIegmmimpa@hS, eaghvef Pat®scoupl e to
fiber 18 to engl Q{cﬂuﬁ@ﬁgegdlfélhyﬁaf p% tflbl?heﬁre&?o{geaﬁ@”é:‘@ci@éisﬂ e detector,

and t he power or, was Fl.ow r tes of

gas and oxygen ﬂddaﬁﬁflﬁeFegloﬂ\ﬁ‘?% IfoéﬁiCtl"ea&PGg{‘eﬁh?B ¥ 6:5°“§rprﬁh§ﬁd
sl pm respecti\¢¥ "éalhollghtpﬂiﬁkﬁ&b&@tﬁldﬁ Qrddonf, | 6he adjacenta teyimer aeur e of

about 35 1650[er,r Y sec nds .aft et a ted, the .

oxygen fl ow vva?aﬂ'gl ﬁ&&oﬂﬁepa ngg% n%’“ﬁ%nl" e%ﬁfn :‘9{14 opposi t e

di recti ond®at muffibiient tatm@rea}sesthel geéragtlve index nj thereof to a

'_29' value greater than the refractive index n, of the adjacent
region of said first path. ‘

3. . A component according to claim 1 or 2 having a fiber

20 optic coupling function, and comprising at least first and
second optical fibers, each having a core and a cladding,
said fibers being fused together along a portion of the
lengths thereof to form a coupling region, the cladding of
‘said second fiber containing an amount of chlorine

25 sufficient to iﬁcrease the refractive index né thereof to a
value greater than the refractive index n, of the cladding
of said first fiber.

4. A component according to claim 1-3, constituting a

30 fiber optic coupler, comprising
' an elongated body of matrix glass having a refractive
index n3,-said body having two opposed endfaces and ‘a
midregion, -
at least first and second optlcal fibers extending

35 . longitudinally through said elongated body, each of said .

fibers comprising a core surrounded by a cladding of

refractive-index less than that of said core but greater
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further increase th-é- —I ength of coupler preform 31 by about 0.02 cm

Duri ng L II HI!E " I ght emanating from fibers 17 and 18 was -
noni t or 2 e stretching operation automatically stopped

when the ratio of the 5 optical power fromfiber 17 to that of fiber 18
was 1.2, at which tinme the control systeminstructs the stages to stop
novi ng. Because of system nonmentum a suffi d¥m anount of stretching
continues to occur to provide a power ratio of 1, whereby equal I|ight
power emanat ed tham k) bethe KladddnggofOsadd s8dOndnfibethecalitaiztiog eh t he

midregion is reghsese Ve ch1drifeSkLEESHL Ot OPST Bhé Al &St Hd e ragtgdely

regi on 51 of 5%8. 18, Aftgr the coupler had cool ed, the vacuum
li nes were $Rde% Ry rHRARSAT tPeBuVRiNE CHERFRF, than they X @fTassiXrd 49 15
of heat curabl eindéxsﬁ%;oﬂ\mm alpddtngf oprsaidyfirge fiber, ends 14 and 15,
respectively, of the idd f ' ured by.
exposure to heat arsr%W I%%bae{r)t%ewggggéﬁ%%‘éru@\%es&pgrfma%{ebcefa \r(';(;ir%\ﬁ?%g%draw.

The resul tant deidregieon i saddomakrint2lassoothe core®hispidl optdpadati ng
'1315 hat eng g; ggi)ﬁéfélbéi&ermoﬂ: auogleﬂy spat.ééda%’t opitd Cc?éon%ﬁ#%eg}ol'%i%h gpout

. nm an n e . wer opge. a nm.is 0.077 % per nm or

0. 006 dB per Sahﬂ‘“ﬁ%‘é%%‘%&%ﬁé‘r §ge§£‘}%i? %Q?r%di-%{?‘?ré&?'e;?r&\g?}ﬁcé | 0SS
of about 018 dBcodprihgvesdioeshereinecapessal osewenscdufies? betdBen said -

The spectral i”ffl%éfé’.” | oss curves for a specific coupler made in
accordance with e specific exanple are shown in Fig. 19. Curve P2
represents the coupled power. . The excess |oss for that coupler was 0.09

dB and 0.05 dB g{ 30compditrtniandcdbbfanee weewesidipd Y1, 2Thg opsgrtion

1 oss was | ess t han A&EdB N ea%h | eg of %hat, oupl er over a 328 nm
range of wavel efREHEIHFRS AHFTERIsE8IRRR of sai rs, P 8F ffBers
having chl®?i neclafpdihg | el diaigs fiigsB85fibet, | isn feek tfram ehdloadneoupl ers or

to achromatic coupl ers. Chl ori ne doped cl addi ng can be enpl oyed to
provi de the entire [err] aor a portion of the [err] that is necessary
for a 6. _Component in accordance with claim'l, 2, 3 or 4,

wherein the adjacent regions of said first and second path,
or the claddings of said first and second fibers contain
20 chlorine.

7. Component constituting a fiber optic coupler in
accordance. with claim 6 wherein the cladding of said first
fiber contains at least 0.04 wt. % chlorine. |
25 o
8. Component constituting a fiber optic coupler in
accordance with claim 4 wherein said coupling region is
surrounded by matrix glass having a refractive index ny
that is lower than the refractive indices of said
30 claddings.

S. Component constituting a fiber optic coupler in

accordance with any dne of claims 3-8 wherein, other than

the difference in concentrations of chlorine in the

- 35 claddings of said first and second fibers, said fibers are
identical. ' '
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- 30-—--———given-spectial response such as wavel ength divi sion

mul ti | icity, and the |ike. The cl addi ng of one or nore
of th$ mm&t‘“m 2 of fused fiber coupler 60 of Fig. 20 can be

doped arine to provide the 5 desired value of [err]. Fibers 60
and 61 are disposed in side-by-side relajjon and are heated to
thermally fuse them t oget her along a pr termined | ength. The fused
region, . wherein the cores of the fibers are disposed within_a _.

conmon cl addi ngl? egi drireshoghrngakiBes? RasFiore aphiiasd f6VicecPEntReto form
a neckdown regi eypéindiriding kheoptieal pathrconpatiatingekylightel y spaced.

I n accordance w . f i pnel ' a | fcati on, one
o more ot ekOpagiting, rRotbRTERL SR B RdE Pedlorthar by 4
di ameter, of fibefracticem refrachivapipdex fXawamthan thakeofssaid rerpigal ng

paranmeter of fipgehblsaid ad'acenfhﬁe?féﬁiﬂﬁx?)tf&%{edcﬁgpﬁnﬁéthéaom in Fig.
21 is a pl anar devi ce 70 having first and second adj acent optical
wavegui de pat hsCORPELHS he paths includes |ight propagati on region 71
~and the adjacent surdemsitdnpgoa I8yef(Oof hrladshqranticlledgs |ight propagation
region 72 and the "]?ﬁi t f | ty |nddi ces of
regions 73 and 74 are ovcv?f'i'?l hg%ﬂéhg%fg#@%%’mgénoéggg%ﬁfg%ﬁ@ éaﬁ%%}@?l
and 72. Disposed over re@ofsountaaf ohloxine greafignsthapethecireunt;r

glhass gnotlghown_)' or ;gedebéesgtggté’&grﬁ@ééaﬁde&&ﬁe&aﬁ,v@ﬁgfi isdl %ver

t han that of regions. . R .. Light, propagati regi.pns an are
nor e cl osely spa‘é‘g{qu‘d‘fiaglggf f??:#eﬁ?’ff/{)q]cf%ggc(ﬂ 5?’ 8 ?ﬁfgﬁffb?i ng

region 75 for coupling t@ontedningngbas®s dance wi'th the i nvention, at

|.east one of the regions 73 and 74 contains 30 an amount of chlorine

sufficient to alter the gpt. cal erfornmance of device 70; If both of
the regions 73 hhd 7 method,in,ARCERARRGH ity Glaife 10nWBRTARR CERR FS AL | on

inregion s T74f nsshjdrtigigeebapribes silsjedtinig Baidopactichésotoian,
oot on 73, T SHALSHERRe iihens "5 SRRSRIL I e, BRL" R U1l en
sufficiently great that the step of consolidating results
in the formation of.a glass containing more than 0.1 wt. %
chlorine. ' '
20 )
12. A method in accordance with claim 10 wherein said
light propagating region comprises the core of an optical
fiber and said adjacent region comprises a cladding
surrounding said core, the step of depositing comprising
25 depositing a layer of glass particles onto a glass rod, the
step of consolidating ‘resulting in the formation of an
optical fiber preform, said method further comprising the
step of drawing said optical fiber from said preform.

30 13. A method of making a fiber optic coupler comprising
the steps of
prbviding at least two glass optical fibers, each of .

said fibers comprising a core surrounded by a
cladding having a refractive index lower than

35 | that of said core, the cladding of a second of -
said fibers containing an amount of chlorine:
sufficient to increase the refractive indexfné
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a val ue greater“than“the refractive index of region 73. The difference

I n refractj en regions 73 and
- 31- “mn e" ﬂ" artlally responsible for a difference in
S

propagatlon*can an en the first and second opti cal wavegui de
pat hs. DeV|ce 70 can be forned by!fhotollthographic 5 techni ques
in accordance with the follow ng theoretica exanple. A mask is forned
over that portion of substrate 76 that is to be occupied by region 74.
Particles of a gl assuﬁsr%faxoshl vaduer greepnsitiath thet refeaptied

surface portion of s.u tr te°%6tﬁzd&?£%dﬁ§ngo& taheE rI%stk ng?ra‘ask 10 is

renoved, d the parti CIJ& 2conso Shtor i ne-
at nosphere™to formregi dib&s,A second nask S then fornmed on the

surface of region 72;s500 il 3ortionsPBE! 5ai&SEM&FdrPFidedbgnstie exposed
surface portion of substrate 76 as Il as on the second mask. The

second 15 mask is renmpi&tatianshiP.paPdi cl es are consolidated in a
chl ori ne- contaln|nghéaf&ngﬂgumatﬁihbmsnbveglpted@tefﬁnned pqmtasaspartlcles

be d d and f
578 et epe oo, ERGE 4 Fhyse, sRiS RN HA orkadnY' 060 ©

i ncor porated by 20 refeﬁméogelg@ﬁt lﬁﬁgpég%ﬁll-?—ﬁﬂf &RIER-71 and 72 can be
formed by any known technique. If water is to be reaned from bot h of

the regions 73 and 74,” hoth can be cons te

chl ori ne- cont atfit ng® ?Hﬁ#e‘r‘e ac[q‘?é"damecﬂ?'g{’ %Ea H@grﬁﬂrﬁetfn bei ng

greater durlngcbhpr£51ngcthﬁﬂ8ﬂkﬁIofnapblyéggpmxﬂhl tension to said fused
unitary region to form an elongated coupling region of

15 reduced diameter.

15. A method in accordance with claim 14 wherein the step
of disposing comprises inserting said portions into the
aperture of a glass tube having a refractive index lower
than that of the claddings of said fibers, and wherein the
step of heating results in the collapse of said tube onto

20

said fibers.

16. A method in accordance with claim 14 wherein the step
of prbviding said second fiber comprises providing a glass
rod, ‘depositing a coating of g;aés particles on said rod,
subjecting said coating to an atmosphere containing
chlorine, consolidating said coating on said rod to form a
draw blank, and drawing a fiber from said blank.

25

30

17. A method in accordance with claim 14 wherein the step
of providing said first fiber comprises providing a first
glass rod, depositing a first coating qf.glaSs particles on
said first rod, subjecting said first coating of particles
to an atmosphere containing an amount of chlorine '
sufficient to dry said first coatlng, consolidating said
first coating on said rod to form a first draw blank, and
drawing said first fiber from said blank.

35
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-32- CLAI MVE:

: HMH mgumm onent havi ng adj acent r.egi ons of t ranspar ent
naterlal lgﬂﬂgglon cont ai ni ng an amount of chlorine

suff|C|ent to AltEr the opti cal performance of said conponent.

2. A conponent in accordance with claim 36wherein said adj acent
regions conprise at least first and second 10 adj acent optical wavegui de
pat hs, each of said paths including a light propagation region and at
| east one 8] acenietheg @n atcordames iwith rdeint D4t wvherebnethé harep hat

of said |ight péP%ﬂ%rmun g gghﬁ[‘fﬁ.gé‘ %&%&qﬂrﬁ.@e@n Lvid:.n sgi f':fﬁ&?ond

path containing a I"CT ent o ricPease
refractive i ndesdlagsemofd,t Bepesitingaa firsy gaatiggegfeglangnpanbicles ein ve

index n[err] ofgdfit fadiskCenl, subjéégiﬁ?@ &P Hid-fl E:%ht&ﬁéhof part:.cfbs
conponent agcording to clg®n11 or hayi ng pling

a fibe
function, and c &S eF@ag?nF?"r%Jcn%rﬁj gJ.ven §838ﬁ8tﬁg{:?'8’él ©%i bers,
each having a cchlorime thataddi sgfficient to dry said first coating,

consolidating said first coating on said rod to form a

first draw blank, and drawing said first fiber from said

first blank, and wherein the step of providing said second
10 fiber comprises providing a second glass rod, depositing a
second coating of glass particles on said second rod,
subjecting said second coating of particles to an
atmosphere containing a concentration of chlorine that is
greater than said given COncentration, consclidating said
15 second coating on said rod to form a second draw blank, and

drawing said second fiber from said blank.

19. A method in accordance with claim 18 wherein the step
of subjecting said first coatiné of particles to an
atmosphere comprises subjecting said first coating to an
atmosphere éontaining an amount chlorine sufficient to
provide the cladding of said first fiber with a chlorine
concentration of at least 0.04 wt. %.

20

25 20. A method of making an achromatic fiber optic coupler

comprising the steps of
inserting into a glass tube of refractive index n, a

portion of each of a plurality of optical fibers so that

said portions occupy the midregion of said tube, each of
30 said fibers comprising a core of refractive index n, and -a
cladding of refractive index less than ny but greater_than
n,, the cladding_of a second of said fibers containing an
amount of chlorine sufficient to increase the refractive
index né thereof to a value greater than ihe refractive
index n, of the cladding of a first of said fibers, the
difference between n, and né being such that the value of

A%lads is greater than zero but less than 0.03%, wherein

35
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sai d flb?ﬂ ﬁ oget her along a portion of the Iehgths
t her'eof m mmlnl lmt '"‘g region, the cladding of sai d second fi ber
cont ai ni ng af akount sof =chl ori ne 25 sufficient to increase the refractive

index n[err] thereof to a val ue greater than the refractive index
nferr] of the cladding of said first fiber. 4. A conponent
according to claim1l-3, constituting a 30 37 4iber optic coupler,

conpri si ng an eIongated body of matrix glass having a refractive
index n[err], Zgaid bogﬁuggglpg WO 9 d2endfaces and a m dr egi on,
at least figst &lddSe gnd o tital fiders %ndln Iongltudlnally

t hrough said eIongaF@é BBEYNI cHRS ¥ Eﬁﬂﬁ&n oL sap bEVEecﬂﬂiﬁl SiheFsy @de

surrounded by a cl asdtiretching the deﬁﬂnaﬂ:pmetuadeéflsssdtmmdrédmah1Of sai d
core but greater - 33 -

than n[err], the cladding of said second fiber containing an amount of
chl orine sufficient to increase the refractive index n[err] thereof to
a value greater than the refractive 5 index n[err] of the cladding of
said firstydiber, said fibers being fused together along with the
m dregi on of said matrix glass, the cores of said optical fibers being
nore cl osely spaced at the central portion of said m dregion than at
said endf aces, thereby formng a 10 coupllng regi on wherein optical
power coupl es between said fibers. . 5. Conponent in accordance
with clains 1, 2, 3 or 4 wherein the adjacent region of said first
path, or the 15 cladding of said first fiber, is free fromchlorine.

15

20

25

30

35



6.. Conponent in accordance with claim1, 2, 3 or 4, wherein the-

adj acent regions of said first and second path,. “or the cl addi ngs of
said first and second fibers contain 20 chlorine. 7. Conponent
constituting a fiber optic coupler in accordance with claim®6 mhereln
the cladding of said first fiber contains at least 0.04 wt. %
chlorine. 25 8. Conponent constltlnﬁ3ng a fiber optic coupler in
accordance with claim4 mherekﬁgﬂﬁgggig pregen. s surrounded by
matri x glass having a refract '%ﬁgb@?——————ﬁﬂﬁﬁ is lower than the
refractive indices of said 30 cl addi ngs. 9. omponent... .
constituting &HLORINERDOPED: QRNICAL €OMPONENECOr dance ' * i
clains 3-8 wherein, other than the difference in

chlorine in the 35 cl addi ngs of said first and seca

are i denti cal

10. A nethod of ekt fgtBe%, ABbige coppier ofithe &vpe wherein ft’-?ﬁé ?ﬁ‘él udi ng
an optical pat$ecompreisigig-mddegbptical ﬂtﬁmabla&g hagiag andofe a4 acent
regi on haV| ng @Jﬁddmg'd a;%thuYs% r%égﬁt)é ai %reér w%r thagei_'ﬂat 18;1g§1a' d

opti cal acent on belng
conpri si ng "thereo? Ga)égm AgcauPhirg tﬁngJIasﬁ‘hpalfnbered;ameters are

subj ecting saighd¥Eldr GlretheO calpRingSPEGich GMnA5R Ble the remainder of
the fibers. The cladding of the second fiber contains an
amount of chlorine sufficient to increase the refractive
index né thereof to a value greater than the refractive
index n, of the cladding of the first fiber.

Figure 1
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an amount of chlorine greater than the amount 10 : necessary to

renove water therefrom and consolidating said particles to form
a chlorine- : . containing glass. 11. A'nmethod in
accordance with claim 10 wherein the step 15 of subjecting conprises
subjecting said particles to an - at nosphere cont ai ni ng an anmount of
chlorine that is . sufficiently great that the step of consolidat.i ng
results in the formation of a gl ass cgg}a%ning nore than 0.1 w. %
chlorine. 20 12. A nethod in accordanC th claim10 wherein said

| i ght propagating region conprises the core of an optical fiber and
sai d adj acent Legif@yenpLi ses a cl addi ng "surroundi ng said core, the
step of deposifime e 'élng 25 depositing a |layer of glass particles

onto a gl ass rod,
of an op' Y

. step of draw

of making a fi
providing at | ¥z
f.ibers conpris
of a second of—

sufficient to}i
- 35_

step of consplidating resulting in the formation
: [ hod further conprising the
rd preform 30 13. A nethod

the steps of -
each of sai d

¢l addi ng hdving a

said core, t | addi ng
of chlorine

| er conpri s} ng

afs optical {dpers,

F ounded bg 2]
R

said fi
he refracti vex»hdex n[err]

TIME
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o

thereof to a value greater than the refractive i ndex n2 of

the cladding of a first of said 5 fibers, di sposi ng
portions of said.fibers in side-by-side rel ationship, and
heating said fibers over predeterm ned portions ' thereof to.
cause said predeterm ned portions to 10 fuse together.into a
unitary region. 14. A nethod in accordance with claim 13 further
conprising the step of applying axial tension Qo'ﬁﬁid fused unitary
region to forman el ongated coupling region of “¥5 reduced di aneter. .
15. A nmethod in accordance with claim 14 wherein the step of di sposing
conprises inserting sai ortions into the aperture of a glass tube

‘having a refractive ind ower 20 t han tha+-e+f~the cl addi ngs of said
fibers, and wherein the§q step of ‘heg#fhg resul tS~un the col | apse of
said tube onto sai d f) bers. f 7716. A nmethod i ™accordance with
claim 14 wherein thexst§2 RS ¢f Mi di ng said second }\ber conpri ses
provi ding a gl ass

»1ing a coating of glasé\QarficIes on
said rod, subj "My Eart cpat ™ to an at nosphere contgi ni ng. .
chlorine, consolidatgng ss d cedting on said rod to forma \_ draw bl ank,
and drawing a fiber fral ~=iq/blank. 30 17. A nethod in Egcordance
with claimi14 whereifqd tggptep of providing said first fiber conprises
providing a first _3 gl&ss rod, depositing a first coating of glass
particles on sd.d A4
particles to a®at ppsgphere contai ni ng an anount of chlorine

sufficient to dry sapd «f first coating
on said rod to form a f s jirgt fiber
fromsaid bl ank. '
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- 36- 18. A method in accordance with claim 14 wherein the step

of providing said first fiber.conprises providing a first gl ass rod,
depositing a first coating of glass particles on said first rod,

subj ecting said first coating of particles 5 to an atnosphere contai ning
a given concentration of chlorine that is sufficient to dry said first
coat i ng, consolidating said first coatiqg/pn said rod to forma

first draw bl ank, and drawing said first fibet /f Pom said first blank,
and wherein the step of providing said second 10 fi ber conprises

provi ding a second gl ass rod, depositing a second coating of glass
particles on said second rqﬁB_ : subj ecting said second coating of
particles to an at nosphefe contai ning a concentration of chlorine that
is greater than said givén concentration, cgnsolidating said 15
second coating on said d to}jforma second dray bl ank, and drawi ng
sai d second fiber from gaid bfank. 19. met hod in accordance-wth
claim 18 wherein the step .%ZL- of subjecting/aid first coating of .
sphe

particles to an 20 atQﬁ e conpri ses bjecting said first coating to
an at nospher e conidi ni n§ an anount lorine sufficient to

provide the cladding of ¥daid dirst fiber/With a.chlorine concentration
of at least 0.04 wt. % ¢325 {20.° hod of making an achromatic fi ber
optic coupl er COMZi sO#¢ t he stfps of inserting into a

gl ass tube of refractive inde n3 a portion of each of a plurality of
optical fibers so that sdid gdrtions occupy the m dregion of said
tube, each of 30 said fiberg cohprising a core of refractive index n[err]
and a :

K 2 3
" INCREMENTAL INCREASE IN CL (wt. %)

Fig. 8




a [

cl adding of refractive index |l ess than n[err] but greater than nferr],
the cladding of a second of said fibers containing an anount of
chlorine sufficient to increase the refractive i ndex n[err] thereof to
a value greater than the refractive index n[err] of the cladding of a
first of said fibers, the di fference between n[err] and n[err] being
such that the val ue of [err] is greater than zero but |less than 0.03%
wherein 4 - 37 - : [err]
equals (n[err] - nf[err])/2n[err], 5 CBKWsting the m dregi on of
said tube onto fibers, and stretching the central portion of
sai d m dregion. 10 15 20 17
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